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SIGNIFICANCE
Tea is a very popular drink among the Chinese population, 
but the relationship between tea consumption and rosacea 
remains unclear. This clinical case-control study selected 
a propensity score matched population of 619 cases and 
619 controls by matching demographic characteristics. The 
type of tea consumed (non-fermented tea), frequency of 
tea consumption per day (≥3 times/day), and drinking 
temperature (hot tea) were related to rosacea. Tea drin-
king behaviour was found to be closely related to rosacea 
and mainly affected flushing and erythema. Therefore, we 
recommend that patients with rosacea should reduce the 
frequency of tea drinking per day, particularly hot tea, but 
can continue their tea drinking habits in the long term.

The exact mechanisms of rosacea development are 
unknown, but it has been suggested that tea consump-
tion may be associated with its development. To deter-
mine the relationship between tea drinking behaviour 
and rosacea, this clinical case-control study recruited 
2,063 participants, who completed a questionnaire 
about tea drinking behaviour. A 1:1 ratio propensity 
score matching method was used to generate 619 
cases and 619 controls. High-frequency tea drinking (3 
times/day: adjusted odds ratio (aOR) 2.592; 95% con-
fidence interval (95% CI) 1.225–5.485; ≥ 4 times/day; 
aOR 8.86; 95% CI 3.43–22.887), non-fermented tea 
(aOR 2.172; 95% CI 1.562–3.022), and hot tea (aOR 
2.793; 95% CI 1.796–1.344) were associated with an 
increased risk of rosacea. Further results showed that 
these tea drinking behaviours were significantly as-
sociated with an increased risk of flushing (aOR 1.41; 
95% CI 1.07–1.87) and erythema (aOR 1.48; 95% CI 
1.10–2.00). Tea drinking behaviour is closely related 
to rosacea and mainly affect flushing and erythema. 

Key words: rosacea; tea drinking; inflammatory skin disease; 
case-control study.
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Rosacea is a chronic inflammatory skin disease that 
predominantly affects middle-aged women (1–3). 

According to previous investigations, 5.46% of adults 
worldwide are affected by rosacea, the prevalence of 
rosacea in China being 3.48% (2, 4). Many studies have 
shown rosacea to be a disease involving multiple fac-
tors, including skin immunity, microbiota, neurogenic 
dysregulation, genetics, and damaged skin barrier (5, 6). 
However, to date, the exact mechanisms responsible for 
development of rosacea are unclear.

In addition, numerous factors have been found to trig-
ger rosacea, including spicy foods, certain beverages, 
sunlight, stress, strenuous exercise, certain skin care 
habits, and sleep quality (1, 6–9). Recent studies have 
shown that dietary changes may play a significant role 
in the prevention of rosacea. To date, studies on rosacea 

and dietary factors have focused mainly on coffee and 
alcohol. Li et al. (10, 11) found that alcohol intake was 
associated with the risk of rosacea in women, while 
increased intake of caffeine from coffee was found to 
reduce the risk of rosacea. Globally, tea and coffee are 
the most popular drinks after water (12). It is well-known 
that China has a long history of tea drinking, and tea is a 
very popular drink among the Chinese population (13). 
An increasing number of epidemiological studies have 
demonstrated the associations between tea consumption 
and various diseases, such as diabetes (13), coronary 
heart disease (CHD) (14), and certain cancers (15). Tea 
can be divided into 2 types, non-fermented tea (green tea) 
and fermented tea (black tea, white tea, dark tea, oolong 
tea, and yellow tea), based on their respective processing 
methods; the polyphenol content in the 2 types of tea is 
different (16). Some studies have shown that polyphenols 
and caffeine in tea provide antioxidative, immunomo-
dulatory, and anti-inflammatory effects, which may be 
beneficial for the treatment of rosacea symptoms (17–21). 
However, there is currently no research that concludes 
whether these different types of tea have varying effects 
on rosacea development. Meanwhile, heat and hot be-
verages have also proven to be triggers for rosacea (22, 
23). Tea is usually consumed when hot, but whether the 
drinking temperature of tea affects rosacea development 
is unknown. Furthermore, many of these studies have 
indicated that the frequency of tea consumption has dif-
ferent effects on different diseases (7, 24, 25). However, 
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there is a general lack of research on the relationship 
between tea consumption and rosacea, and the existing 
evidence remains inconclusive regarding whether tea 
drinking behaviours affect rosacea.

The aim of this study is to explore the relationship 
between rosacea and tea drinking behaviour, by investi-
gating a total of 2,063 participants from China, and to 
provide rosacea patients with guidance on tea drinking 
behaviour.

MATERIALS AND METHODS

Study design and population

This was a clinic-based case-control study performed at Xiangya 
Hospital of Central South University. Between June 2018 and  
January 2020, the study enrolled 1,056 patients who were diag-
nosed with rosacea at the dermatology outpatient department and 
1,202 healthy controls who underwent physical examinations in the 
same hospital. The diagnosis of rosacea was based on the National 
Rosacea Society Expert Committee (NRSEC) diagnostic criteria 
(3). Exclusion criteria were: (i) previously diagnosed rosacea that 
was relieved after treatment; (ii) patients who had received local 
facial treatment or medical treatment in the past 3 months; (iii) 
those having other diseases and presenting with facial erythema 
or itching, such as seborrheic dermatitis, and facial eczema; (iv) 
patients with severe physical or mental diseases, such as severe 
depression and malignant tumours; (v) pregnant and lactating 
women; (vi) patients who were unable to complete the questionn-
aire survey under the guidance of professionals; and (vii) those 
unwilling to participate in the questionnaire survey. In addition 
to the above, exclusion criteria for controls included those with 
previously diagnosed rosacea that was not significantly relieved 
after treatment. 

Those who fulfilled the inclusion and exclusion criteria were 
asked to complete a questionnaire. All participants provided 
written informed consent upon completing and returning the 
questionnaire. Excluding cases with incomplete data, a total of 
956 rosacea patients and 1,107 control subjects were included in 
the case-control study. The study complied with the Declaration 
of Helsinki and was approved by the Medical Ethics Committee 
of Xiangya Hospital, Central South University. 

Data collection

All information on participants was collected using a standar-
dized questionnaire, including information on demographic 
characteristics and tea drinking behaviour (see Appendix S11). 
The clinical characteristics of patients with rosacea were also 
recorded. The questionnaire collected information on participant’s 
age group (< 25, 25–34, 25–34, and > 44 years), sex, marital 
status, occupation (physical labour or non-physical labour), and 
years of education (≤ 12 or > 12 years). Height and weight of all 
participants were also recorded, and body mass index (BMI) was 
calculated (kg/m2). According to the Asian BMI criteria (26), we 
categorized participants into 3 classes: underweight (< 18.5 kg/
m2), normal (18.5–23 kg/m2), and overweight (23–25 kg/m2) or 
obese (≥ 25 kg/m2). The study defined a history of tea drinking 
as “drinking a cup of tea of no less than 50 ml at least once a 
week”. The tea drinking behaviour investigated all referred to 
that of the patients in the 2 years before the onset of symptoms. 
The tea was divided into 2 types: non-fermented tea (green tea) 

and fermented tea (black tea, dark tea and white tea). The study 
recorded the following data: frequency of tea drinking per week 
(none ≤ 3, 4–6, and 7 days/week), and per day (none ≤ 2, 3, and 
≥ 4 times/day), tea per drink (not applicable (NA) < 3, 3–5, and 
> 5 g), total monthly tea consumption (none < 50, 50–124, 
125–249, and ≥ 250 g), drinking temperature (NA, cold tea refers 
to the tea more than 30 min after steeping; warm tea refers to the 
tea 10–30 min after steeping; hot tea refers to the tea within 10 
min after steeping), and history of tea consumption (none < 2, 2–5, 
and > 5 years). A tea drinking event was defined as drinking tea 
prepared by brewing new tea leaves, similar to the use of tea bags 
in Europe. In addition, because rosacea may contain a variety of 
possible signs and symptoms, in order to facilitate the diagnosis 
and treatment of rosacea, in 2017, NRSEC proposed a phenotype-
base standard classification of rosacea (3). The main phenotypes 
include flushing, erythema, telangiectasia, papules and pustules, 
phymatous changes, angiotelectasis, etc. (3), and phenotype data 
and diagnosis were performed by dermatologists. Hence, this study 
also investigated the relationship between tea drinking behaviour 
and some main phenotypes of rosacea.

Statistical analysis

The distribution of characteristics between rosacea patients and 
the control group were compared using the χ2 test. Subsequently, 
the association of tea drinking behaviour and rosacea was further 
analysed by logistic regression analysis and the crude odds ratio 
and 95% confidence intervals (95% CI) were calculated. After ad-
justing for participant’s age, sex, marital status, BMI, occupation, 
and years of education, the adjusted odds ratio (aOR) and adjusted 
95% CI were calculated for comparison. All data were analysed 
using SPSS 20.0 software (SPSS Software, Chicago, IL, USA). 
In addition, in order to eliminate possible confounding factors and 
make the control group and the case group comparable, propensity 
score analysis (27) was conducted on the covariates of age, sex, 
BMI, marital status, occupation and years of education, and the 
case group and the control group were matched using a 1:1 ratio 
matching method. Propensity score matching refers to screening 
the control group and the case group through certain statistical 
methods, so that the selected research objects are comparable in 
clinical characteristics (potential confounding factors). In this 
case, the difference in results between the control and case groups 
can be completely attributed to their exposure factors. A p < 0.05 
(2-tailed) was defined as statistically significant.

RESULTS

A total of 956 patients with rosacea and 1,107 controls 
responded to the questionnaire. The demographic cha-
racteristics of all participants before and after propensity 
scores matching are shown in Table I, respectively. As 
can be seen from Table I, the rosacea and control groups 
demonstrated statistically significant differences in the 
distribution of age, sex, marital status, years of education, 
BMI, and occupation (p < 0.05) before propensity scores 
matching. In order to reduce the confounding effect deri-
ved from the differences in demographic characteristics 
between the case and the control group, a propensity 
score matching analysis was conducted (Table I). After 
matching, 619 cases and 619 controls were included in 
the current study. There were no significant differences 
in age, sex, occupation, and years of education between 
the 1:1 matched cases and the control group (p > 0.05). 1https://doi.org/10.2340/00015555-3849

https://doi.org/10.2340/00015555-3849
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However, compared with matched controls, the patients 
with rosacea trended to be of normal BMI (p = 0.022) 
and unmarried (p = 0.034). All of the above factors were 
therefore used for correction of the data in subsequent 
analyses of relationships between tea drinking behaviours 
and rosacea. 

After adjusting for the above confounding factors, 
the data suggests that tea consumption (aOR 1.631; 
95% CI 1.244–2.319) was a risk factor for rosacea. 
High-frequency tea drinking (3 times/day: aOR 2.592; 
95% CI 1.225–5.485; ≥ 4 times/day; aOR 8.86; 95% CI 
3.43–22.887), non-fermented tea (aOR 2.172; 95% CI 
1.562–3.022), hot tea (aOR 2.793; 95% CI 1.796–1.344), 
a short history of tea drinking (< 2 years; aOR 1.72; 
95% CI 1.18–2.50), and a long history of tea drinking 
(> 5 years; aOR 1.531; 95% CI 1.077–2.177) were as-
sociated with an increased risk of rosacea. In addition, 
frequency of tea drinking per week (≤ 3 day/week: aOR 
1.545; 95% CI 1.090–2.191; 7 days/week: aOR 1.770; 
95% CI 1.162–1.265), tea strength per drink (< 3 g: aOR 
1.639; 95% CI 1.219–2.203; > 5 g: aOR 1.69; 95% CI 
1.448–13.718), and total monthly consumption (< 50 g: 
aOR 1712; 95% CI 1.208–2.4251; 125–249 g; ≥ 250 g: 
aOR 2.303; 95% CI 1.049–3.059; aOR 1.21; 95% CI 
0.67–2.16) were also related to rosacea (Table II). 

Comparison of tea-related information from healthy 
controls and patients with rosacea revealed that rosacea 
was associated with tea consumption. The relationship 
between the above-mentioned factors and phenotypes 
of rosacea was examined further, including flushing, 
erythema, papules and pustules, phymatous changes, and 
angiotelectasis (Table III). It was found that these tea 
drinking behaviours were significantly associated with an 
increased risk of flushing (aOR 1.41; 95% CI 1.07–1.87) 

and erythema (aOR 1.48; 95% CI 1.10–2.00). Drinking 
hot tea correlated positively with an increased risk of 
flushing (aOR 1.69; 95% CI 1.16–2.47) and erythema 
(aOR 2.76; 95% CI 1.88–4.05). High-frequency tea 
drinking (3 times/day: aOR 2.13; 95% CI 1.12–4.07; ≥ 4 
times/day; aOR 1.77; 95% CI 1.04–3.02) and frequency 
of tea drinking per week ≤ 3 day/week (aOR 1.59; 95% CI 
1.11–2.27) correlated with an increased risk of erythema. 
A short history of tea drinking was positively associated 
with an increased risk of flushing (2–5 years: aOR 1.97, 
95% CI 1.10–3.51), papules and pustules (aOR 2.08, 
95% CI 1.15–3.75), and telangiectasia (aOR 2.30, 95% 
CI 1.20–4.40). However, as the length of tea drinking 
history increased, the risk of rosacea gradually decreased. 
Finally, a long history of tea drinking (> 5 years), and the 
type of tea drunk, were not significantly associated with 
any phenotype of rosacea. In addition, total monthly tea 
consumption 50–124 g (aOR 2.23, 95% CI 1.34, 3.73) 
was also positively associated with an increased risk of 
telangiectasia. However, the type of tea drinking has no 
significant effect on the subtypes of rosacea. None of the 
tea drinking behaviours evaluated had any effect on the 
aggravation of phymatous changes. 

DISCUSSION

Rosacea is a chronic inflammatory skin disease that can 
be irritated by many triggers. Tea is a popular drink in 
China, and tea drinking is a significant part of people’s 
daily lives in many areas. This study investigates the 
relationship between tea drinking behaviour and rosacea, 
in order to provide recommendations to patients with 
rosacea on tea drinking behaviour, which could help 
alleviate their symptoms.

Table I. Distribution of demographic characteristics between rosacea and control groups before and after matching

Characteristics

Before matching After matching

Controls
n = 1,107
n (%)

Cases
n = 956
n (%) χ2 p-value

Controls
n = 619
n (%)

Cases
n = 619
n (%) χ2 p-value

Age 206.23 < 0.001 1.601 0.659
  < 25 years 326 (29.4) 262 (27.4) 255 (41.2) 250 (40.4)
  25–34 years 513 (46.3) 261 (27.3) 195 (31.5) 198 (32.0)
  35–44 years   91 (8.2) 239 (25)   64 (10.3) 76 (12.3)
  > 44 years 177 (16) 194 (20.3) 105 (17.9) 95 (15.3)
Sex 145.9 < 0.001 0 1.000
  Male 395 (35.7)   85 (8.9) 82 (13.2) 82 (13.2)
  Female 712 (64.3) 871 (91.1) 537 (86.8) 537 (86.8)
Body mass index   20.12 < 0.001 7.636 0.022
  Underweight 152 (13.7) 161 (16.8) 118 (19.1) 134 (21.6)
  Normal 717 (64.8) 660 (69) 391 (63.2) 409 (66.1)
  Overweight or obese 238 (21.5) 135 (14.1) 110 (17.8)   76 (12.3)
Marital status 119.78 < 0.001 4.755 0.034
  Unmarried 682 (61.6) 358 (37.4) 371 (59.9) 333 (53.8)
  Married 425 (38.4) 598 (62.6) 248 (40.1) 286 (46.2)
Occupation 140.5 < 0.001 0 1.000
  Physical labour   45 (4.1) 201 (21) 32 (5.2)   32 (5.2)
  Non-physical labour 1,062 (95.9) 755 (79) 587 (94.8) 587 (94.8)
Years of education 149.51 < 0.001 0 1.000
  ≤ 12 175 (15.8) 380 (39.7) 134 (21.6) 134 (21.6)
  > 12 932 (84.2) 576 (60.3) 485 (78.4) 485
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Application of a multivariate model controlled for 
confounding factors in the patient’s general data, and the 
propensity score matching method was used to generate 
1:1 matched cases and control group, thus reducing the 
differences between the 2 groups. Compared with the 
matched control group, non-fermented tea was associa-
ted with an increased risk of rosacea, while fermented 
tea had no effect on rosacea, which is likely to be related 
to the effects of different compounds in tea. Previous 
studies have indicated that non-fermented tea contains 
more polyphenols (mainly catechins) than fermented 
tea, which are converted into other compounds such 
as theaflavins and thearubins during the fermentation 
process (28). There was little difference in caffeine 
content between the 2 types of tea (28, 29); therefore, 
we speculate that polyphenols play a dominant role in 
development of rosacea due to their high content in non-
fermented tea and the similarities in caffeine content 
between teas. As mentioned previously, some studies 
have shown that polyphenols in tea have antioxidative, 
immunomodulatory, and anti-inflammatory effects, 
which may be beneficial for treating rosacea symptoms 

(17–21); however, the results of the current study sug-
gest the opposite. In addition to their protective effects, 
polyphenols have also been shown to induce vasodila-
tion (30), which contributes to the pathophysiological 
process of rosacea. Kim et al. suggested that epigallo-
catechin gallate (EGCG), a polyphenolic catechin, has 
endothelial-dependent vasodilator activity (31, 32). The 
effect of tea on rosacea is therefore complex; although 
its compounds have anti-inflammatory and antioxidant 
effects, they can also promote the development of rosa-
cea by stimulating vasodilation. We speculate that, due 
to the high concentration of polyphenols (especially ca-
techins) in non-fermented tea, their vasodilatory effect 
may outweigh the anti-inflammatory and antioxidant 
effects, thereby increasing the risk of rosacea. As for 
fermented tea, theaflavin 3,3’-gallate has been shown 
to have higher antioxidant activity than EGCG (29, 
33). Thus, the higher theaflavin content of fermented 
tea in comparison with non-fermented tea may induce 
a greater antioxidant effect (28), so that the antioxidant 
and vasodilating effects of fermented tea can reach a 
state of mutual balance, leading to no effect of fer-

Table II. Comparison of tea consumption behaviour between case and control groups

Controls
n = 619
n (%)

Cases
n = 619
n (%)

Crude OR
(95% CI) p-value

aORa

(95% CI) p-value

Tea consumption 
  No 494 (79.8) 444 (71.7) 1 1
  Yes 125 (20.2) 175 (28.3) 1.558 (1.198, 2.206) 0.001 1.631 (1.244, 2.319) < 0.001
Types of tea
  None 494 (79.8) 444 (71.7) 1 1
  Non-fermented tea 68 (11.0) 126 (20.4) 2. 062 (1.495, 2.844) < 0.001 2.172 (1.562, 3.022) 0.008
  Fermented tea 57 (9.2)   49 (7.9) 0.956 (0.639, 1.431) 0.828 0.996 (0.661, 1.50) 0.984
Frequency of tea drinking, days/week
  None 494 (79.8) 444 (71.7) 1 1
  ≤ 3 156 (25.2) 153 (24.7) 1.483 (1.052, 2.092) 0.025 1.545 (1.090, 2.191) 0.015
  4–6   50 (8.1)   35 (5.7) 1.483 (0.694, 3.17) 0.309 1.591 (0.739, 3.423) 0.235
  7 144 (23.3) 124 (20.0) 1.681 (1.138, 2.483) 0.009 1.770 (1.162, 1.265) 0.006
Frequency of tea drinking, times/day
  None 494 (79.8) 444 (71.7) 1 1
  ≤ 2 250 (40.4) 203 (32.8) 1.151 (0.859, 1.542) 0.347 1.209 (0.897, 1.629) 0.213
  3 48 (7.8) 42 (6.8) 2.22 (1.065, 4.63) 0.033 2.592 (1.225, 5.485) 0.013
  ≥ 4 52 (8.4) 67 (10.8) 8.659 (3.383, 22.162) < 0.001 8.86 (3.43, 22.887) < 0.001
Consumption of tea per drink, g
  None 494 (79.8) 444 (71.7) 1 1
  < 3 231 (37.3) 240 (38.8) 1.562 (1.171, 2.083) 0.002 1.639 (1.219, 2.203) 0.001
  3–5 85 (13.7) 45 (7.3) 1.062 (0.576, 1.958) 0.847 1.099 (0.591, 2.041) 0.766
  > 5 34 (5.5) 27 (4.4) 4.172 (1.375, 12.665) 0.012 1.69 (1.448, 13.718) 0.009
Total monthly tea consumption, g
  None 494 (79.8) 444 (71.7) 1 1
  < 50 140 (79.8) 163 (79.8) 1.626 (1.157, 2.286) 0.005 1.712 (1.208, 2.4251) 0.002
  50–124 125 (20.2) 84 (13.6) 1.119 (0.77, 1.839) 0.433 1.213 (0.778, 1.891) 0.395
  125–249 47 (7.6) 35 (5.7) 2.114 (0.973, 4.595) 0.059 2.303 (1.049, 3.059) 0.038
  ≥ 250 38 (6.1) 30 (4.8) 2.384 (0.963, 5.901) 0.060 1.21 (0.67, 2.16) 0.050
Drinking temperature
  None 494 (79.8) 444 (71.7) 1 1
  Cold   74 (12.0)   31 (5.0) 0.788 (0.418, 1.486) 0.462 0.823 (0.433, 1.564) 0.552
  Warm 203 (32.8) 145 (23.4) 1.303 (0.924, 1830) 0.131 1.377 (0.966, 1.962) 0.077
  Hot   73 (11.8) 136 (22.0) 2.728 (1.762, 4.222) < 0.001 2.793 (1.796, 1.344) < 0.001
Duration of tea consumption, years
  None 494 (79.8) 444 (71.7) 1 1
  <  2 66 (10.7) 100 (16.2) 2.268 (1.394, 3.689) 0.001 2.341 (1.433, 3.826) 0.001
  2–5 86 (13.9)   50 (8.1) 0.68 (0.685, 1.930) 0.598 1.222 (0.724, 2.63) 0.453
  >  5 198 (32.0) 162 (26.2) 0.96 (1.046, 2.058) 0.026 1.531 (1.077, 2.177) 0.018

aAdjusted by age, sex, body mass index (BMI), marital status, occupation and education, vs control group.
95% CI: 95% confidence interval; OR: odds ratio; aOR: adjusted odds ratio. Bold numbers indicated results that were statistically significant.
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mented tea on rosacea. The mechanism by which the 
vasodilatory effect of polyphenols overpowers the anti-
inflammatory and antioxidative effects needs further 
clarification. Based on these findings, we suggest that 
patients with rosacea should choose fermented tea over 
non-fermented tea. 

In the current study, hot tea was positively associated 
with the risk of rosacea and, particularly, the risk of some 
phenotypes, including flushing and erythema. Drinking 
hot beverages has been suggested to induce neurogenic 
inflammation, leading to vasodilation, oedema, flushing, 
and inflammation (6, 23), which is consistent with 
the current results. According to previous studies, we 
speculate that this may be related to the activation of 
transient receptor potential channels, which may be one 
of the pathogenic mechanisms of rosacea. After activa-
tion through increased temperature, vanilloid channels 
(TRPV1–4) increase skin blood flow via neurogenic 
vasodilatation, leading to symptoms of rosacea, such 
as flushing and hypersensitive skin (6, 22, 23, 34, 35). 
Hence, when drinking hot tea, the above receptors may be 
activated by the temperature of the tea, which promotes 

the development of rosacea and aggravates the flushing 
and erythema phenotype. Therefore, we recommend that 
patients with rosacea should drink tea at lower tempera-
tures and drink hot tea as little as possible. 

Meanwhile, we also observed that high frequency of 
tea drinking (≥ 4 times/day) and a short history of tea 
drinking were associated with rosacea and particularly 
with flushing and erythema. Similarly, the frequency 
of tea drinking per week, tea strength consumed, total 
monthly consumption too much or too little, and a long 
history of tea drinking were mainly related to rosacea. 
Our previous studies have suggested that high frequency 
of tea intake may relate to rosacea (7), which is consistent 
with the results presented here. Garcia et al. proved that 
tea drinking can attenuate sympathetic activation (36) 
and that interruption of sympathetic nerves can increase 
skin blood flow (37). Furthermore, acute tea drinking 
can increase the skin’s response to heat stimulation and 
thus increase skin blood flow (38). Therefore, we make 
the following speculations: when the frequency of tea 
drinking is low (just once or twice a day), although 
sympathetic nerves may be suppressed and increase skin 

Table III. Comparison of tea consumption behaviour with rosacea phenotype in the case groups (n = 619)

Flushing 
(n = 588)
aOR (95% CI)

Erythema 
(n = 619)
aOR (95% CI)

Papules and pustules 
(n = 373)
aOR (95% CI)

Phymatous change 
(n = 57)
aOR (95% CI)

Angiotelectasis 
(n = 327)
aOR (95% CI)

Tea consumption 
  No 1 1 1 1 1
  Yes 1.41 (1.07, 1.87) 1.48 (1.10, 2.00) 0.90 (0.65, 1.24) 1.28 (0.80, 2.05) 1.36 (0.97, 1.93)
Types of tea
  None 1 1 1 1 1
  Non-fermented tea 1.27 (0.92,1.74) 1.31 (0.93,1.84) 1.30 (0.89,1.92) 0.79 (0.55,1.14) 1.25 (0.74,2.11)
  Fermented tea 1.38 (0.54, 3.55) 1.23 (1.00, 1.52) 1.53 (0.88, 2.64) 1.21 (0.74, 2.00) 1.34 (0.63, 2.89)
Frequency of tea drinking, days/week
  None 1 1 1 1 1
  ≤ 3 1.59 (1.11, 2.27) 1.54 (1.05, 2.26) 1.15 (0.73, 1.82) 0.99 (0.66, 1.49) 1.45 (0.81, 2.60)
  4–6 1.46 (0.73, 2.91) 1.03 (0.47, 2.25) 1.05 (0.42, 2.60) 0.48 (0.18, 1.27) 1.43 (0.47, 4.35)
  7 1.21 (0.81, 1.81) 1.56 (1.03, 2.37) 1.76 (1.12, 2.79) 0.92 (0.58, 1.44) 1.03 (0.52, 2.06)
Frequency of tea drinking, times/day
  None 1 1 1 1 1
  ≤ 1 1.55 (1.07, 2.23) 1.54 (1.05, 2.27) 0.97 (0.64, 1.46) 1.64 (0.93, 2.90) 1.49 (0.96, 2.32)
  2 1.22 (0.68, 2.19) 0.72 (0.35, 1.48) 0.82 (0.42, 1.60) 1.11 (0.41, 3.03) 1.02 (0.48, 2.17)
  3 1.69 (0.89, 3.19) 2.13 (1.12, 4.07) 0.87 (0.41, 1.81) 0.76 (0.22, 2.66) 1.66 (0.80, 3.44)
  ≥ 4 1.18 (0.70, 2.00) 1.77 (1.04, 3.02) 0.85 (0.47, 1.57) 0.98 (0.39, 2.45) 1.23 (0.65, 2.32)
Tea per drink, g
  None 1 1 1 1 1
  < 3 1.42 (1.04, 1.99) 1.40 (1.00, 1.94) 1.29 (0.88, 1.88) 0.90 (0.64, 1.27) 1.37 (0.82, 2.28)
  3–5 1.19 (0.64, 2.24) 1.81 (0.96, 3.42) 1.76 (0.87, 3.55) 1.06 (0.53, 2.11) 1.02 (0.37, 2.84)
  > 5 1.82 (0.83, 3.98) 1.80 (0.80, 4.05) 1.45 (0.57, 3.73) 0.66 (0.24, 1.78) 1.05 (0.29, 3.82)
Total monthly tea consumption, g
  None 1 1 1 1 1
  < 50 1.53 (1.08, 2.18) 1.46 (1.00, 2.14) 1.00 (0.67, 1.48) 1.67 (0.96, 2.88) 1.10 (0.70, 1.73)
  50–124 1.47 (0.92, 2.34) 1.40 (0.85, 2.31) 0.81 (0.46, 1.40) 0.54 (0.96, 2.88) 2.23 (1.34, 3.73)
  125–249 1.06 (0.51, 2.18) 1.76 (0.86, 3.61) 0.96 (0.44, 2.11) 1.42 (0.50, 4.02) 1.42 (0.62, 3.24)
  ≥ 250 1.13 (0.53, 2.41) 1.51 (0.69, 3.32) 0.59 (0.22, 1.57) 1.16 (0.33, 4.09) 0.76 (0.26, 3.23)
Drinking temperature
  None 1 1 1 1 1
  Cold 1.86 (0.90, 3.86) 0.72 (0.29, 1.81) 0.94 (0.41, 2.16) 2.04 (0.72, 5.77) 0.54 (0.16, 1.82)
  Warm 1.11 (0.76, 1.63) 0.85 (0.55, 1.31) 0.81 (0.53, 1.26) 1.04 (0.55, 1.98) 1.40 (0.89, 2.19)
  Hot 1.69 (1.16, 2.47) 2.76 (1.88, 4.05) 0.98 (0.64, 1.51) 1.38 (0.74, 2.59) 1.55 (0.98, 2.43)
Duration of tea consumption, years 
  None 1 1 1 1 1
  < 2 1.15 (0.74, 1.78) 1.14 (0.70, 1.84) 0.68 (0.40, 1.15) 1.18 (0.57, 2.46) 1.03 (0.58, 1.81)
  2–5 1.97 (1.10, 3.51) 2.68 (1.49, 4.84) 2.08 (1.15, 3.75) 0.67 (0.20, 2.31) 2.30 (1.20, 4.40)
  > 5 1.45 (1.01, 2.07) 1.42 (0.97, 2.08) 0.77 (0.50, 1.17) 1.54 (0.87, 2.71) 1.34 (0.87, 2.06)

aOR: adjusted odds ratio; CI: confidence interval. Bold numbers indicated results that were statistically significant.
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blood flow, this effect is not sufficient to induce rosacea. 
However, when the frequency of tea drinking surpasses 
the frequency of 4 times a day, and particularly when 
the frequency of drinking hot tea increases, sympathetic 
nerves may be in a constant state of suppression, which 
may lead to a continuous increase in skin blood flow that 
is sufficient for development of rosacea. On the other 
hand, the effect of the frequency of tea drinking per 
week, tea strength consumed, total monthly consump-
tion, and the history of tea consumption on rosacea may 
be related to the role of polyphenols. We speculate that 
the vasodilatory effects of polyphenols may be transient, 
while the anti-inflammatory and antioxidant effects are 
accumulative. Therefore, when the frequency of tea 
drinking per week is relatively low, the tea intake is too 
small, or the history of tea drinking is relatively short, 
the vasodilatory effect of polyphenols plays a major role 
in promoting rosacea development. However, when the 
frequency of tea drinking per week, tea strength consu-
med, or the years of tea drinking gradually increase, the 
protective anti-inflammatory and antioxidative effects of 
polyphenols gradually accumulate. Therefore, in those 
with a certain range of tea drinking behaviours, such as 
frequency of tea drinking 3–6 days/week, tea consumed 
3–5 g, total monthly consumption 50–125 g, or history 
of tea drinking 2–5 years, the harmful and protective ef-
fects of polyphenols may be in equilibrium, so that these 
compounds have no effect on rosacea. Whereas some 
studies have shown that, in addition to the antioxidant 
effect, high-dose EGCG may also have the opposite ef-
fect, namely pro-oxidant effect (39, 40). Furthermore, po-
lyphenols have low bioavailability and rapid metabolism 
(39). Thus, with a long history of tea drinking over many 
years or high-dose tea intake, the accumulation effect of 
polyphenols’ antioxidant and anti-inflammatory effects 
is lower than its vasodilation and pro-oxidation effect, 
which ultimately promotes the development of rosacea. 
Therefore, we recommend that patients with rosacea 
should drink tea moderately, tea strength consumed and 
the frequency of tea drinking per week should not be 
too much or too little, and high-frequency tea drinking 
should be avoided. 

The current study preliminarily establishes links bet-
ween tea drinking behaviour and rosacea, and also has 
a relatively large sample size. Moreover, the propensity 
score matching method was used to reduce the difference 
between the case group and the control group, and some 
potential confounders were minimized. 

This study also has some limitations. The data are 
from a questionnaire survey, which may have recall 
bias. According to our previous research, the current 
survey did not adjust those dietary habits, such as coffee, 
alcohol, and smoking, and these may interfere with the 
results. Some other possible confounding factors, such 
as unknown skincare products, family history, etc., are 
missing. Because the production and types of tea have 

certain regional characteristics, the survey is limited to 
the Chinese population and may not be fully applicable 
to patients with rosacea in other regions. However, the 
current results provide a theoretical basis for subsequent 
studies on tea polyphenols and rosacea.

In conclusion, this study found that tea drinking be-
haviour is closely related to rosacea, and mainly affects 
flushing and erythema. The associations were related to 
the type of tea consumed (non-fermented tea), frequency 
of tea consumed per day (≥ 3 times/day), drinking tem-
perature (hot tea), strength of tea per drink (< 3 or > 5 g), 
total monthly consumption (< 50 or ≥ 125 g), and history 
of tea drinking (< 2 or > 5 years). This study may provide 
some evidence that altering the tea drinking behaviour 
of patients with rosacea could potentially improve their 
symptoms. Hence, it is recommended that patients with 
rosacea should moderate the frequency of tea drinking 
per day, particularly hot tea, but can continue their tea 
drinking habits in the long term. The mechanisms behind 
the promotion of rosacea by some compounds in tea 
remain to be elucidated.
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