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Abstract

Background: Tea has the potential to lower the risk of abdominal aortic aneurysm (AAA) owing to its high antioxidant capacity. AAA
risk factors including smoking, hypertension, and hypercholesterolaemia, may modify this association.

Methods: The study population included 45047 men in the Cohort of Swedish Men (COSM) and 36611 women in the Swedish
Mammography Cohort (SMC), aged 45–83 years at baseline. The COSM was established in 1997 with all men who lived in two
central Swedish counties (Västmanland and Örebro), and the SMC was established in 1987–1990 with women residing in
Västmanland county. Tea consumption was assessed by means of food frequency questionnaires in 1997 and 2009.

Results: During 17.5 years of follow-up, 1781 AAA cases (1496 men, 285 women; 1497 non-ruptured, 284 ruptured) were ascertained
via Swedish registers. Tea consumption was inversely associated with total AAA incidence in men and women. Women had a 23
(95 per cent c.i. 8 to 36) per cent lower risk of AAA per each cup per day increment, whereas men had a 9 (0 to 17) per cent lower
risk (Pinteraction= 0.029). Tea consumption was associated with a lower risk of both non-ruptured (hazard ratio (HR) 0.93, 95 per cent
c.i. 0.85 to 1.01) and ruptured (HR 0.84, 0.71 to 0.98) AAA. Smoking status modified the association (Pinteraction, 0.001), whereby tea
consumption was associated with lower risk of AAA in ex-smokers (per cup per day, HR 0.89, 0.80 to 0.98) and in never smokers
(HR 0.88, 0.77 to 1.00), but not in current smokers (HR 0.95, 0.84 to 1.06). Tea consumption was associated with a lower risk in
participants with (HR 0.88, 0.80 to 0.98) and without (HR 0.93, 0.88 to 1.00) hypertension, and in those with (HR 0.82, 0.67 to 1.01)
and without (HR 0.92, 0.86 to 0.98) hypercholesterolaemia.

Conclusion: Tea consumption was associated with a reduced risk of AAA. The association was more pronounced for ruptured than
non-ruptured AAA, and in patients with hypertension and hypercholesterolaemia than those without. The association was also
observed in ex-smokers and never smokers, but not in current smokers.

Introduction
Oxidative stress and inflammation have a dominant role in the
aetiology of abdominal aortic aneurysm (AAA)1. Among known
risk factors, smoking2–5 and hypertension2,4 are both related to
oxidative stress6,7, whereas a role for hypercholesterolaemia re-
mains unclear8,9. Results of a recently published meta-analysis3

indicate that current and ex-smokers have a 4.9- and 2.1-fold
higher risk of AAA respectively compared with never smokers,
whereas hypertension increases the risk by 66 per cent10.

Human studies have shown that tea is associated with a lower
risk of some oxidative stress-related diseases including cardiovas-
culardisease (CVD), suchascoronaryarterydisease11 andmyocar-
dial infarction12,13, and BP14. However, the beneficial effect of tea
consumption on blood cholesterol concentrations has not been
confirmed15,16. The protective role of tea is attributed to its antiox-
idative properties related to the high content of flavonoids17, espe-
cially catechins, oligomeric flavonoids, and flavonols18,19.
Although the health benefits of tea consumption in relation to

CVDhavebeenwell documented20,21, andoxidative stress alsoun-
derlies the aetiology of AAA, no previous studies have examined
the impact of tea consumption on risk of AAA development.

The aim of this study was to prospectively examine the associ-
ation between tea consumption and risk of total, non-ruptured,
and ruptured AAA among men and women. The question of
whether oxidative stress-related AAA risk factors such as smok-
ing status, hypertension, and hypercholesterolaemia modified
the observed association was also addressed.

Methods
Study population
The study population included the Cohort of Swedish Men
(COSM) and the Swedish Mammography Cohort (SMC). The
COSM was established in the fall of 1997 when all men born in
1918–1952 who lived in two counties in central Sweden
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(Västmanland and Örebro) were invited to join. The SMC was es-
tablished in 1987–1990 when all women born in 1914–1949, who
were residing in Västmanland and Uppsala counties, were invited
to participate in a mammography screening programme.

In late 1997, 48 850men (48.7 per cent response rate) and 39227
women (70.0 per cent response rate) completed a 96-item food
frequency questionnaire (FFQ) and answered questions about
other lifestyle factors (Fig. 1). In 2009, an expanded questionnaire
containing 132 food items was sent to men and women from the
COSM and SMC, of whom 85.6 and 75.4 per cent respectively
responded. All of the questionnaires used in this study are avail-
able online at https://www.simpler4health.se/researchers/
questionnaires/. The study was approved by the Regional
Ethical Review Board, Stockholm, Sweden. Completion and return
of the questionnaire were considered as informed consent to par-
ticipate in the study.

Exclusions and follow-up of cohorts
Of the 48 850 men and 39227 women who completed the 1997
questionnaire, participants with an incorrect or missing personal
identity number (297 men, 243 women), those who died before 1
January 1998 (the start of follow-up) (61 men, 42 women), and
those with prevalent AAA (140 men, 22 women) or prevalent
cancers other than non-melanoma skin cancer (2709 men, 1806
women) were excluded (Fig. 1). Moreover, participants with ex-
treme energy intake (+3 standard deviations from the mean
value of the loge-transformed estimates calculated separately
by sex; 571 men, 482 women) and those with extremely high tea
consumption (over 10 cups/day in 1997; 25 men, 21 women)
were excluded. After these exclusions, 45 047 men and 36611 wo-
men were included in the baseline analytical cohorts.

For analysis of long-term tea consumption, of 29 264 men and
24141 women who completed the 2009 questionnaire, partici-
pants with extremely high tea consumption (over 10 cups/day
in 2009; 92men, 28 women) were excluded. The long-term analyt-
ical cohorts included 29172 men and 24113 women.

Assessment of tea consumption
Data on food consumption were collected using the validated
96-item FFQ in 199722 and the expanded 132-item FFQ in 2009.
The 1997 FFQ included one question about total tea consumption,
whereas the 2009 FFQ included three questions, on consumption
of black, green, and herbal/red tea. Using open-ended questions,
participants were asked to indicate how often, on average (mean),
they drank tea on a daily or weekly basis (1997 FFQ) or specific tea
(2009 FFQ) during the past year. To take into account potential
changes in frequency of tea consumption, results for long-term
tea consumption are also presented. Long-term tea consumption
was estimated for each participant by calculating the mean total
tea consumption from the questionnaires in 1997 and 2009. In a
validation study, comparing the FFQ with four 1-week weighted
diet records of 129 women from the SMC, the Spearman correl-
ation coefficient for total tea consumption was 0.81 (A. Wolk, un-
published data).

Assessment of co-variables
Information on level of education, body height and weight, time
per day spent walking and/or cycling, history of CVD, family his-
tory of myocardial infarction before 60 years old, and aspirin use
were collected in the 1997 questionnaire. Respondents were also
asked about smoking history, age when they started smoking,
mean number of cigarettes smoked daily for specific age categor-
ies (aged 15–20, 21–30, 31–40, 41–50, and 51–60 years, and current

age), and, if applicable, the age they quit smoking. Pack-years
were calculated by multiplying the number of years of smoking
by the reported daily number of cigarettes smoked within respec-
tive age categories. Data on hypertension, hypercholesterol-
aemia, and diabetes diagnoses were collected through
self-report in the questionnaire in 1997 and by linkagewith health
registers. Hypertension and hypercholesterolaemia cases were
ascertained via linkage with the National Patient Register
(ICD-10 codes: I109 for hypertension; E78.0, E78.2, and E78.4 for
hypercholesterolaemia), and diabetes cases via linkage with the
Swedish National Diabetes Register and the National Patient
Register (ICD-10 codes: E10–E14). Energy intake was calculated
by multiplying the frequency of consumption by age- and sex-
specific portion sizes and by the energy content of each food
item (obtained from the Swedish Food Administration
Database)23. A modified Mediterranean diet (mMED) score was
calculated to assess total quality of diet, as described pre-
viously24. The mMED score ranged from 0 to 8 points; a larger
number of points corresponded to greater adherence to the
Mediterranean diet. Information on statin use was obtained
from the National Swedish Registry of Prescriptions and was
available from 2006. Therefore, in the analysis adjusted for statin
use, follow-upwas limited to 2006–2018 and the cohorts were lim-
ited to 36 636 men and 31967 women with 1022 and 170 AAAs
respectively.

Ascertainment of abdominal aortic aneurysm
Incident cases of AAA, AAA repair, and death from AAA were
identified by linkage of the cohorts with the Swedish Inpatient
Register and the Swedish National Cause of Death Register. To
identify non-ruptured and ruptured aneurysm in the abdominal
aorta, ICD-10 codes I71.4 and I71.3 respectively were used. AAA
repair was identified from the Swedish Inpatient Register by use
of the Nordic Medico-Statistical Committee Classification of
Surgical Procedures, and the Swedish National Registry for
Vascular Surgery (Swedvasc) by use of the integrated AAAmodule
in that registry. The Swedish Inpatient Register has not been vali-
dated specifically for AAA; however, it has a high validity in gen-
eral25 and nearly complete data on hospitalizations for the
Swedish population since 198726. Surgical procedures have been
reported as incorrect in 2 per cent, and missing in 5.3 per cent,
of the records25. In a recent independent international validation
of the Swedvasc registry, the external validity was 98.8 per cent
for AAA repair27.

Analyses of a subcohort of 10536 men from the COSM who
were screened for AAA during follow-up as a part of the screening
programme of men aged 65–75 years (initiated in 2006) were un-
dertaken. Examinations were performed either by an ultrasound
technician or a registered nurse with specific ultrasound profi-
ciency. The outer-to-outer method was used in Västmanland
and Örebro counties until 2011, after which the leading
edge-to-leading edge method was adopted throughout Sweden.
Differences between the twomethods were accounted for by sub-
tracting 2 mm from all measurements measured by the
outer-to-outer method before analysis. In this screened subco-
hort, 168 men (1.6 per cent) were classified as having an AAA, de-
fined as an infrarenal aortic diameter of 30 mm or more28,29.

Statistical analysis
Cox proportional hazards regression models were used to esti-
mate hazard ratios (HRs) with 95 per cent confidence intervals
for all AAAs, and separately for non-ruptured and ruptured an-
eurysms. Participants were followed from 1 January 1998
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(baseline) to the date of diagnosis of AAA or AAA repair, death, or
the end of follow-up (31 December 2018), whichever occurred
first. Tea consumption was categorized as: 0, 0.1–0.9, 1.0–1.9, or
at least 2.0 cups/day. Multivariable models were adjusted for
age at study baseline (years, continuous), sex, education (primary,
high school, or university), smoking status (never; ex-smoker: less
than 20, 20–39, or at least 40 pack-years; or current: less than 20,
20–39, or at least 40 pack-years), occupation (full-time, part-time,
retired, disability pension, unemployed, or housewife), BMI (less
than 20.0, 20.0–24.9, 25.0–29.9, or at least 30 kg/m2), walking/cyc-
ling (less than 20, 20–40, 40–60, or over 60 min/day), aspirin use
(yes, no), history of hypertension (yes, no), diabetes (yes, no),
hypercholesterolaemia (yes, no), CVD (yes, no), family history of
myocardial infarction (yes, no), coffee consumption (no more
than 1.0, 1.1–3.0, 3.1–5.0, or over 5.0 cups/day), sugar consumption
(0, 0.1–1.0, 1.1–3.0, 3.1–5.0, or at least 5.1 teaspoons/day), modified
Mediterranean diet score (points, continuous), and energy intake
(kcal/day, continuous). In separate analyses of black, green, and
herbal/red tea, the specific types of tea were mutually adjusted
for. Missing data were included in the models as separate categor-
ies and concerned data on educational level (0.5 per cent), occupa-
tion (0.5 per cent), smoking status (1.6 per cent), BMI (3.6 per cent),
walking/cycling (8.7 per cent), and aspirin use (10.7 per cent).
Adjustment was also made for statin use (0, 1, 2–3, 4–5, 6–10, or
over 10 years) in the multivariable models. This information was
available only from 2006 to 2018.

The assumption of proportional hazards was tested by regres-
sing scaled Schoenfeld residuals against survival time, and no evi-
dence of departure from the assumption was found. Interactions
on the multiplicative scale between categories of tea consump-
tion by sex and smoking status were tested using a likelihood ra-
tio test. Linear trends were assessed by including cups of tea
consumed per day in the models as a continuous variable.
Non-linear trends were investigated using restricted cubic splines

with three knots (at the 10th, 50th, and 90th percentiles calcu-
lated among tea drinkers)30.

The association of tea consumption in relation to infrarenal aor-
tic diameter (less than 30 mm, or 30 mm or more) was assessed
using a multivariable logistic regression model in the screening
subcohort of the COSM. The model was adjusted for the same
co-variables as the Cox proportional hazards models, except age;
age at screening instead of age at the study baseline was included.

All statistical analyses were conducted using Stata® software,
version 14 (StataCorp, College Station, TX, USA). All reported P va-
lues are two-sided and P ≤0.050 was considered statistically
significant.

Results
During a mean(s.d.) of 17.5(5.5) years of follow-up from 1 January
1998 to 31 December 2018 (1 427054 person-years), 1781 incident
AAA cases were identified, including 1497 (84.0 per cent) non-
ruptured and 284 (16.0 per cent) ruptured AAAs (Fig. 1). Most of
the ascertained AAAs were in men (84.0 per cent) and smokers
(current 45.2 per cent, ex-smokers 36.4 per cent).

Approximately half of men andwomen (51 per cent) did not re-
port tea consumption, whereas 13 per cent consumed two or
more cups per day (Table 1). The mean(s.d.) frequency of tea con-
sumption among drinkers was 1.3(1.3) cups/day in men and
1.3(1.2) cups/day in women, which corresponded to consumption
of 351(347) and 294(287) ml/day respectively. Compared with
non-drinkers (0 cups/day), participants in the highest category
of tea consumption (at least 2.0 cups/day) were more likely to
have a university education, less likely to be current smokers,
less likely to have hypertension, diabetes, hypercholesterolaemia
or CVD, and had a lower mean BMI (Table 1).

Baseline tea consumption was inversely associated with the
risk of AAA (Table 2). A significant interaction between tea

FFQ 1997
Invited n = 56 030

Responded n = 39 227 (70.0%)

Baseline tea consumption
follow-up 1998–2018

n = 36 611 women
n = 285 with AAA

229 non-ruptured, 56 ruptured

Baseline tea consumption
follow-up 1998–2018

n = 45 047 men
n = 1496 with AAA

1268 non-ruptured, 228 ruptured

FFQ 1997
Invited n = 100 303

Responded n = 48 850 (48.7%)
Excluded n = 3803

ID missing or incorrect n = 297
Died between Sep and Dec 1997 n = 61
Prebaseline AAA n = 140
Prebaseline cancer n = 2709
Implausible energy intake n = 571
Tea consumption > 10 cups/day n = 25

Swedish Mammography Cohort Cohort of Swedish Men 

Excluded n = 2616
ID missing or incorrect n = 243
Died between Sep and Dec 1997 n = 42
Prebaseline AAA n = 22
Prebaseline cancer n = 1806
Implausible energy intake n = 482
Tea consumption > 10 cups/day n = 21

Excluded
Died between 1998 and 2009 n = 4643

Long-term tea consumption*
follow-up 1998–2018

n = 24 113 women
n = 161 with AAA

Long-term tea consumption*
follow-up 1998–2018

n = 29 172 men
n = 990 with AAA

FFQ 2009
Invited n = 32 018

Responded n = 24 141 (75.4%)

FFQ 2009
Invited n = 34 184

Responded n = 29 264 (85.6%)

Excluded
Tea consumption > 10 cups/day n = 28

Excluded
Died between 1998 and 2009 n = 7863

Excluded
Tea consumption > 10 cups/day n = 92

Fig. 1 Flow chart of Swedish Mammography Cohort and Cohort of Swedish Men

*Long-term tea consumption calculated as mean tea consumption based on data from 1997 and 2009 food frequency questionnaires (FFQ). AAA, abdominal aortic
aneurysm.
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consumption and sex in relation to risk of AAA was observed
(Pinteraction=0.029). Each cup/day increment in tea consumption
was associated with a 23 per cent lower risk in women and
9 per cent lower risk in men in the linear range of the associ-
ation, that is for tea consumption of at least one cup/day.
Although no statistically significant interaction was observed
between tea consumption and age categories in relation to
risk of AAA (Pinteraction= 0.687), the association was stronger
in the oldest group. The HR per cup daily increment of tea con-
sumption was 0.94 (95 per cent c.i. 0.86 to 1.03; Plinear trend=
0.166) for participants aged less than 60 years, 0.93 (0.85 to
1.02; Plinear trend=0.118) for those aged 60–69 years, and 0.87
(0.77 to 0.98; Plinear trend=0.023) for those aged 70 years or
more. Further adjustment for statin use in a subcohort with
shorter follow-up (2006–2018, as data on statin use were lacking
before 2006) did not changed the results markedly; the HR
for total AAA per cup per day increment was 0.93 (0.86 to
0.98; Plinear trend= 0.012) for all participants, 0.93 (0.87 to 1.00;

Plinear trend= 0.054) for men, and 0.82 (0.66 to 1.02; Plinear trend=
0.070) for women.

For long-term total tea consumption (mean intake at baseline
1997 and in 2009) similar associations were observed, but were
not statistically significant. Each cup/day increment in consump-
tion was associated with a 21 per cent lower risk in women and
7 per cent lower risk in men (Table 2).

The risk of AAA development in relation to consumption of
specific types of tea was examined using data from the 2009
FFQ only. Owing to limited statistical power, because few partici-
pants drank green or herbal/red tea, women and men were com-
bined in the analysis. The HR per each cup/day increase was 0.89
(0.79 to 1.01) for green tea, 0.87 (0.73 to 1.04) for herbal/red tea,
and 0.98 (0.91 to 1.04) for black tea.

Association by rupture status
An inverse association between tea consumption and non-
ruptured AAA was observed in women (22 per cent lower risk

Table 1 Age-standardized baseline characteristics of 45047 men from the Cohort of Swedish Men and 36611 women from the
Swedish Mammography Cohort by categories of tea consumption, 1997 (baseline)

Tea consumption (range (median) servings/day)

0 0.1–0.9 (0.3) 1.0–1.9 (1.0) ≥2.0 (2.0)

No. of people 41542 15 313 14 157 10646
Total no. with AAA 1106 250 268 157
Total no. with ruptured AAA 176 41 51 16
Men 24173 (58.3) 7843 (51.0) 7510 (53.1) 5521 (51.7)
Age (years)* 61.6 (9.6) 59.8 (9.1) 61.0 (9.6) 60.0 (9.4)
University education 5252 (13.1) 2629 (16.3) 2780 (19.6) 3426 (31.1)
Occupation
Full-time 15613 (39.7) 6786 (40.6) 5848 (41.2) 4773 (41.8)
Part-time 3386 (8.5) 1627 (9.9) 1342 (9.5) 993 (8.9)
Retired 17023 (38.2) 5142 (38.6) 5445(38.4) 3670 (38.3)
Disability 2870 (7.1) 846 (5.2) 743 (5.3) 590 (5.4)
Unemployed 1742 (4.4) 598 (3.6) 492 (3.5) 388 (3.4)
Other 693 (1.6) 246 (1.7) 239 (1.7) 190 (1.8)

Smoking status
Current smoker 11 594 (28.3) 3192 (20.4) 2 690 (19.0) 1868 (17.3)
Ex-smoker 13 057 (31.6) 4748 (30.7) 4531 (32.0) 3207 (30.0)
Never smoker 16 169 (38.4) 7164 (47.5) 6743 (47.6) 5413 (51.2)

BMI (kg/m2)* 25.7 (3.7) 25.4 (3.6) 25.2 (3.5) 24.9 (3.6)
Walking/cycling (min/day)
, 20 13488 (32.5) 4637 (30.2) 4377 (30.9) 3069 (28.7)
20–40 11230 (27.1) 4698 (30.5) 4264 (30.1) 3297 (30.8)
40–60 6056 (14.5) 2508 (16.4) 2198 (15.6) 1726 (16.3)
. 60 6719 (16.0) 2367 (15.8) 2186 (15.5) 1719 (16.5)

Hypertension 10308 (24.2) 3380 (23.0) 3337 (23.6) 2176 (21.1)
Diabetes 3629 (8.4) 976 (6.8) 1020 (7.2) 705 (6.9)
Hypercholesterolaemia 5657 (13.5) 1955 (12.9) 1808 (12.8) 1154 (11.0)
Cardiovascular disease‡ 5083 (11.6) 1363 (9.9) 1556 (10.9) 967 (9.8)
Ischaemic heart disease 3399 (7.8) 924 (6.7) 1041 (7.3) 605 (6.2)
Heart failure 709 (1.6) 172 (1.3) 207 (1.4) 123 (1.3)
Stroke 1177 (2.7) 284 (2.1) 336 (2.4) 196 (2.0)
Atrial fibrillation 1095 (2.5) 311 (2.3) 383 (2.7) 268 (2.7)

Family history of myocardial infraction 5120 (12.4) 1863 (12.1) 1717 (12.1) 1318 (12.2)
Aspirin use 15199 (36.6) 6188 (40.6) 5607 (39.6) 4294 (40.4)
Energy intake (kcal/day)* 2234 (865) 2203 (816) 2232 (802) 2376 (878)
Coffee consumption (cups/day)* 3.7 (2.1) 3.0 (1.8) 2.5 (1.7) 2.0 (1.8)
Sugar in tea/coffee (teaspoons/day)* 1.3 (2.5) 1.2 (2.1) 1.3 (2.2) 1.7 (2.6)
Modified Mediterranean diet score* 3.6 (1.6) 3.8 (1.6) 3.8 (1.6) 4.1 (1.6)
Data collected using 2009 FFQ†
No. of people 25 672 10 737 9505 7371
Tea consumption (cups/day)

Total tea 0 (0, 1.2) 0.3 (0, 2.1) 1.0 (0, 2.3) 1.1 (0, 4.6)
Black tea 0 (0, 1.1) 0.1 (0, 1.5) 0.5 (0, 2.3) 1.0 (0, 4.0)
Green tea 0 (0, 0.8) 0 (0, 1.1) 0 (0, 1.1) 0 (0, 2.0)

Values in parentheses are percentages unless indicated otherwise; values are *mean(s.d.) and †median (95 per cent c.i.). Missing data: educational level (0.5 per
cent), occupation (0.5 per cent), smoking status (1.6 per cent), BMI (3.6 per cent), walking/cycling (8.7 per cent), and aspirin use (10.7 per cent). ‡Includes ischaemic
heart disease (ICD-10: I20–I25), heart failure (I50, I110), stroke (I60, I61, I63, I64), and atrial fibrillation (I48).
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per cup per day increment) and a similar tendency was observed
inmen (6 per cent risk reduction per cup per day for tea consump-
tion of at least 1 cup/day) (Table 3).

Subcohort with measured infrarenal aortic diameter
In the analysis of the subcohort of 8528menwith infrarenal aortic
diameter measurements available, no association between tea
consumption and infrarenal aortic diameter was observed; the
multivariable odds ratio per cup was 0.97 (95 per cent c.i. 0.72
to 1.30) for tea consumption of at least one cup/day in men
with an infrarenal aortic diameter of 30 mm or more versus less
than 30 mm.

For ruptured AAA, a statistically significant lower risk was ob-
served with increasing tea consumption among all participants;
each cup/day increment was associated with a 16 per cent lower
risk (Table 3). The association for each cup/day appeared to be
stronger in women (28 per cent lower risk) than in men (13 per
cent), but these sex-specific results did not reach statistical signif-
icance owing to small numbers.

Association by smoking status
An interaction was observed between tea consumption and
smoking status in relation to AAA incidence (Pinteraction,0.001).
There was a statistically significant inverse association between
tea consumption and AAA incidence in ex-smokers and never
smokers, but not in current smokers (Table 4); there was an 11
per cent lower risk in ex-smokers, and a 12 per cent lower risk
in never smokers for each cup/day increment.

Associations by hypertension and
hypercholesterolaemia
There was an inverse association between tea consumption and
risk of AAA in participants with and without hypertension and
hypercholesterolaemia (Table 5). Each cup per day increment in
tea consumption was associated with a 7 (95 per cent c.i. 0 to
12) per cent lower risk in participants without hypertension and
an 8 (2 to 14) per cent lower risk in those without hypercholester-
olaemia. Among participants with hypertension, each cup per day
increment in tea consumption was associated with a 12 (2 to 20)
per cent lower risk, and there was a similar tendency among par-
ticipants with hypercholesterolaemia, with a risk reduction of 18
(–1 to 33) per cent.

Discussion
In two population-based prospective cohorts of men and women,
in a Swedish population with generally low tea consumption, tea
drinking was inversely associated with risk of AAA. The associ-
ation was more pronounced for ruptured than non-ruptured
AAA, and in participants with hypertension and hypercholester-
olaemia compared with those without these diseases. The inverse
associations were observed in ex-smokers and never smokers, but
not in current smokers.

The health benefits of tea consumption have been examined
primarily in relation to CVD mortality and CVD events, and the
findings of such studies are in line with those of the present ana-
lysis of AAA. In a meta-analysis20 of prospective studies it was re-
ported that each cup of tea consumed per day (black and green)
was associated with a 4 (95 per cent c.i. 2 to 6) per cent lower

Table 2 Association between tea consumption and risk of abdominal aortic aneurysm (AAA) in 45047 men (1496 with AAA) from the
Cohort of Swedish Men and 36611 women (285 with AAA) from the Swedish Mammography Cohort, follow-up 1998–2018

Tea consumption (range
(median) cups/day)

Men and women Men Women

No. of
AAAs

Person-years SIR Age-, sex- and
smoking-adjusted HR

Multivariable
HR*

No. of
AAAs

Multivariable
HR*

No. of
AAAs

Multivariable
HR*

Baseline consumption
(1997)
0 1106 706 516 157 1.00 (reference) 1.00 (reference) 922 1.00 (reference) 184 1.00 (reference)
0.1–0.9 (0.3) 250 277 798 90 0.78 (0.58, 0.90) 0.79 (0.69, 0.91) 206 0.82 (0.70, 0.95) 44 0.71 (0.51, 0.99)
1.0–1.9 (1.0) 268 248 671 108 0.88 (0.77, 1.01) 0.91 (0.79, 1.04) 231 0.97 (0.83, 1.12) 37 0.62 (0.43, 0.89)
≥2.0 (2.0) 157 191 661 82 0.73 (0.62, 0.86) 0.77 (0.65, 0.92) 137 0.83 (0.69, 1.01) 20 0.52 (0.32, 0.84)
P for non-linear trend 0.031 0.019 0.033
Per cup‡ 0.89 (0.82, 0.97) 0.90 (0.82, 0.98) 0.91 (0.83, 1.00)
P for linear trend 0.004
Per cup 0.77 (0.64, 0.92)

Long-term consumption
(1997 and 2009)†
0 473 316 007 150 1.00 (reference) 1.00 (reference) 409 1.00 (reference) 64 1.00 (reference)
0.1–0.9 (0.3) 421 429 831 98 0.89 (0.78, 1.02) 0.93 (0.81, 1.07) 350 0.92 (0.79, 1.06) 71 1.03 (0.72, 1.45)
1.0–1.9 (1.0) 182 201 825 90 0.84 (0.71, 1.00) 0.90 (0.75, 1.07) 165 0.96 (0.80, 1.16) 17 0.56 (0.32, 0.98)
≥2.0 (2.0) 75 103 880 72 0.72 (0.57, 0.92) 0.78 (0.61, 1.01) 66 0.82 (0.62, 1.07) 9 0.68 (0.32, 1.41)
P for linear trend , 0.001 0.017 0.093 0.053
Per cup 0.80 (0.74, 0.87) 0.91 (0.85, 0.98) 0.93 (0.86, 1.01) 161 0.79 (0.62, 1.00)

Values in parentheses are 95 per cent confidence intervals unless indicated otherwise. *Adjusted for age at study baseline (years, continuous), sex,
education (primary, high school, or university), occupation (full-time, part-time, retired, disability pension, unemployed, or housewife), smoking status
(never; ex-smoker: less 20, 20–39, or at least 40 pack-years; or current: less than 20, 20–39, or at least 40 pack-years), BMI (less than 20.0, 20.0–24.9, 25.0–
29.9, or at least 30.0 kg/m2), walking/cycling (less than 20, 20–40, 40–60, or over 60 min/day), history of hypertension (yes, no), diabetes (yes, no),
hypercholesterolaemia (yes, no), and cardiovascular diseases (yes, no), family history of myocardial infarction (yes, no), aspirin use (yes, no), coffee
consumption (no more than 1.0, 1.1–3.0, 3.1–5.0, or over 5.0 cups/day), sugar consumption (0, 0.1–1.0, 1.1–3.0, 3.1–5.0, or at least 5.1 teaspoons/day),
modified Mediterranean diet score (points, continuous), and intake of energy (kcal/day, continuous). Missing data on educational level (0.5 per cent),
occupation (0.5 per cent), smoking status (1.6 per cent), BMI (3.6 per cent), walking/cycling (8.7 per cent), and aspirin use (10.7 per cent) were included in
themodels as separate categories. †Long-term consumption calculated asmean tea consumption from 1997 and 2009 in 53 285 participants (29172men
and 24113 women) with 1151 abdominal aortic aneurysms (AAAs) (990 men and 161 women). ‡Calculated for linear range of association, that is tea
consumption of at least one cup/day. SIR, standardized incidence rate; HR, hazard ratio.
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risk of CVD mortality and a 2 (0 to 4) per cent lower risk of CVD
events.

The Swedish population is characterized by low tea consump-
tion; over the years 1997–2019, tea consumption fluctuated be-
tween 0.3 and 0.4 kg per person per year. It was 0.3 kg per
person in 1997 and 0.4 kg per person in 2009, whereas it dropped
back to 0.3 kg per in 201931,32.

Several potential mechanisms may be involved in the observed
inverse association between tea consumption and AAA incidence.
Tea, through its high content of flavonoids, may decrease systemic
oxidative stress and inflammation which underlie AAA develop-
ment1. It has been documented that flavonoids present in tea are

effective radical scavengers that can reduce oxidative damage by
scavenging oxygen free radicals33. Results of human intervention
studies33 have demonstrated that green andblack tea increase plas-
ma antioxidant capacity, which may decrease oxidative damage of
DNAand lipids. Another potential biologicalmechanism is the abil-
ity of tea flavonoids to reduce both systolic and diastolic BP17,34.
Their essential role includes relaxing smooth muscle contraction,
enhancing endothelial nitric oxide synthase activity and, asa result,
improvingendothelium-dependentvasorelaxation, reducingvascu-
lar inflammation, inhibiting renin activity, and reducing antivascu-
laroxidativestress35. The roleof tea inendothelial functionseems to
be crucial in reducing CVD risk, and green and black teas appear to

Table 3 Association of baseline tea consumption with risk of abdominal aortic aneurysm (AAA) stratified by rupture status in 45047
men (1496 with AAA) from the Cohort of Swedish Men and 36611 women (285 with AAA) from the Swedish Mammography Cohort,
follow-up 1998–2018

Baseline tea consumption (range
(median) cups/day)

Men and women Men Women

No. of
AAAs

Person-years Multivariable
HR*

No. of
AAAs

Multivariable
HR*

No. of
AAAs

Multivariable
HR*

Non-ruptured
0 930 706 910 1.00 (reference) 780 1.00 (reference) 150 1.00 (reference)
0.1–0.9 (0.3) 209 278 183 0.78 (0.67, 0.91) 177 0.82 (0.70, 0.97) 32 0.61 (0.41, 0.90)
1.0–1.9 (1.0) 217 249 372 0.88 (0.76, 1.03) 187 0.94 (0.79, 1.11) 30 0.60 (0.40, 0.89)
≥2.0 (2.0) 141 192 589 0.83 (0.69, 1.00) 124 0.90 (0.74, 1.10) 17 0.51 (0.30, 0.87)
P for non-linear trend 0.021 0.044
Per cup† 0.93 (0.85, 1.01) 0.94 (0.85, 1.03)
P for linear trend 0.012
Per cup 0.78 (0.64, 0.95)

Ruptured
0 176 706 910 1.00 (reference) 142 1.00 (reference) 34 1.00 (reference)
0.1–0.9 (0.3) 41 278 183 0.87 (0.61, 1.23) 29 0.78 (0.52, 1.18) 12 1.18 (0.60, 2.31)
1.0–1.9 (1.0) 51 249 372 1.02 (0.74, 1.41) 44 1.11 (0.78, 1.57) 7 0.72 (0.31, 1.66)
≥2.0 (2.0) 16 192 589 0.49 (0.29, 0.84) 13 0.50 (0.27, 0.90) 3 0.54 (0.16, 1.83)
P for linear trend 0.030 0.101 0.141
Per cup 0.84 (0.71, 0.98) 0.87 (0.73, 1.03) 0.72 (0.46, 1.11)

Values in parentheses are 95 per cent confidence intervals unless indicated otherwise. *Adjusted for age at study baseline (years, continuous), sex, education
(primary, high school, or university), occupation (full-time, part-time, retired, disability pension, unemployed, or housewife), smoking status (never; ex-smoker: less
than 20, 20–39, or at least 40 pack-years; or current: less than 20, 20–39, or at least 40 pack-years), BMI (less than 20.0, 20.0–24.9, 25.0–29.9, or at least 30 kg/m2),
walking/cycling (less than 20, 20–40, 40–60, or over 60 min/day), history of hypertension (yes, no), diabetes (yes, no), hypercholesterolaemia (yes, no), and
cardiovascular diseases (yes, no), family history of myocardial infarction (yes, no), aspirin use (yes, no), coffee consumption (no more than 1.0, 1.1–3.0, 3.1–5.0, or
over 5.0 cups/day), sugar consumption (0, 0.1–1.0, 1.1–3.0, 3.1–5.0, or at least 5.1 teaspoons/day), modified Mediterranean diet score (points, continuous), and intake
of energy (kcal/day, continuous). Missing data on educational level (0.5 per cent), occupation (0.5 per cent), smoking status (1.6 per cent), BMI (3.6 per cent), walking/
cycling (8.7 per cent), and aspirin use (10.7 per cent) were included in the models as separate categories. †Calculated for linear range of association, that is tea
consumption of at least one cup/day. AAA, abdominal aortic aneurysm; HR, hazard ratio.

Table 4 Association between baseline tea consumption and risk of abdominal aortic aneurysm (AAA) by smoking status in 45047
men (1496 with AAA) from the Cohort of Swedish Men and 36611 women (285 with AAA) from the Swedish Mammography Cohort,
follow-up 1998–2018

Baseline tea
consumption (range
(median) cups/day)

Current smoker Ex-smoker Never smoker

No. of
AAAs

Person-years Multivariable
HR*

No. of
AAAs

Person-years Multivariable
HR*

No. of
AAAs

Person-years Multivariable
HR*

0 532 191 511 1.00 (reference) 409 224807 1.00 (reference) 156 278 913 1.00 (reference)
0.1–0.9 (0.3) 100 56694 0.75 (0.61, 0.94) 87 86 158 0.74 (0.58, 0.94) 61 131 627 0.98 (0.72, 1.33)
1.0–1.9 (1.0) 107 45751 0.97 (0.78, 1.20) 100 79723 0.83 (0.66, 1.04) 59 120 581 0.95 (0.70, 1.29)
≥2.0 (2.0) 66 32524 0.88 (0.67, 1.16) 53 57 946 0.67 (0.49, 0.91) 35 99 237 0.76 (0.51, 1.12)
P for non-linear trend 0.037
Per cup† 0.95 (0.84, 1.06)
P for linear trend 0.015 0.049
Per cup 0.89 (0.80, 0.98) 0.88 (0.77, 1.00)

Values in parentheses are 95 per cent confidence intervals unless indicated otherwise. *Adjusted for age at study baseline (years, continuous), sex, education
(primary, high school, or university), occupation (full-time, part-time, retired, disability pension, unemployed, or housewife), BMI (less than 20.0, 20.0–24.9, 25.0–
29.9, or at least 30 kg/m2), walking/cycling (less than 20, 20–40, 40–60, or over 60 min/day), history of hypertension (yes, no), diabetes (yes, no),
hypercholesterolaemia (yes, no), and cardiovascular diseases (yes, no), family history ofmyocardial infarction (yes, no), aspirin use (yes, no), coffee consumption (no
more than 1.0, 1.1–3.0, 3.1–5.0, or over 5.0 cups/day), sugar consumption (0, 0.1–1.0, 1.1–3.0, 3.1–5.0, or at least 5.1 teaspoons/day), modifiedMediterranean diet score
(points, continuous), and intake of energy (kcal/day, continuous). Missing data on educational level (0.5 per cent), occupation (0.5 per cent), BMI (3.6 per cent),
walking/cycling (8.7 per cent) and aspirin use (10.7 per cent) were included in the models as separate categories. †Calculated for linear range of association, that is
tea consumption of at least one cup/day. AAA, abdominal aortic aneurysm; HR, hazard ratio.
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have similar effects on improvement of flow-mediated dilatation17.
One experimental study36 investigated the impact of specific green
tea flavonoid (epigallocatechin-3-gallate) directly in relation to
AAA progression. Rats supplemented with this green tea flavonoid
hada lower level ofAAAprogression comparedwith controls; speci-
fically, theyhadsmaller abdominal aortic diameters, greatermedial
layer wall thickness, and higher elastin content36.

In this study, a statistically significant interaction between tea
consumption and smoking status was observed in relation to
AAA incidence (Pinteraction, 0.001); an inverse association between
tea consumption and AAA incidence was observed in ex-smokers
and never smokers, but not in current smokers. It is possible that
oxidative stress and systemic inflammation might be too high in
current smokers to reduce AAA incidence by intake of tea flavo-
noids. A similar interaction was reported from a study37 on fruit
consumption and risk of developing AAA; the HRs for ruptured
AAA in the highest versus the lowest quartile of fruit consumption
were 1.02 among never smokers, 0.42 among ex-smokers, and 0.39
among current smokers. Moreover, the inverse association be-
tween tea consumption and AAA risk was independent of the pre-
sence of hypertension. However, a stronger association was
observed in participants diagnosed with than without hyperten-
sion (12 versus 7 per cent per cup of tea). Generally, tea is consid-
ered a beverage with the potential to reduce BP35, which may
explain the stronger associations among participants with hyper-
tension. Results of a meta-analysis34 of 25 RCTs indicated that
long-term (at least 12 weeks) consumption of both green and black
tea reduced systolic and diastolic BP. In addition, the observed in-
verse association seems to be independent of the presence of
hypercholesterolaemia. The validity of registry data on hyperchol-
esterolaemia is negatively affected by the fact that many patients

with AAA are prescribed statins, even in the absence of high low-
density lipoprotein (LDL) levels. However, it is not clear whether
tea consumption is associated with lipid profile8,9. Generally, re-
sults of RCTs have suggested that black tea might not have bene-
ficial effects on total cholesterol, high-density lipoprotein
cholesterol, and LDL cholesterol15,16. In contrast, beneficial
effect on lipid profilewas observed in some experimental studies38;
however, it should be emphasized that high doses of tea or tea
components are usually employed in animal studies, which may
affect the results.

Strengths of the present study include the large population-
based cohorts, prospective design, use of validated FFQs to collect
dietary information, high validity of self-reported tea consump-
tion, as well as detailed information on smoking history and other
potential confounders. Further strengths are the availability of
data on long-term total tea consumption, and the complete
follow-up of the study participants by linkage of cohorts with
high-quality Swedish registers.

The study has limitations. The 1997 FFQ included only one
question on total tea consumption, so it was not possible to con-
duct an analysis by specific types of tea in relation to risk of AAA
in the baseline population or for long-term consumption.
Although the self-reported frequency of total tea consumption
has been shown to be highly valid22, some misclassification in
self-reporting is inevitable. However, owing to the prospective de-
sign of the study, this type of misclassification would most likely
attenuate true associations. Generally, making causal conclu-
sions regarding risk factors for chronic diseases in observational
studies is difficult because some potential confounders could be
missed. It was noted that people who consumed at least two
cups daily were better educated, had a lower BMI, were less likely

Table 5 Association between baseline tea consumption and risk of abdominal aortic aneurysm (AAA) by hypertension and
hypercholesterolaemia in 45047 men (1496 with AAA) from the Cohort of Swedish Men and 36611 women (285 with AAA) from the
Swedish Mammography Cohort, follow-up 1998–2018

Baseline tea consumption
(range (median) cups/day)

Disease absent Disease present

No. with AAA Person-years Multivariable HR* No. with AAA Person-years Multivariable HR*

Hypertension
0 735 551658 1.00 (reference) 371 155252 1.00 (reference)
0.1–0.9 (0.3) 172 222767 0.81 (0.68, 0.96) 78 55 416 0.77 (0.60, 0.99)
1.0–1.9 (1.0) 181 197091 0.94 (0.80, 1.12) 87 52 281 0.85 (0.66, 1.08)
≥2.0 (2.0) 106 156820 0.78 (0.63, 0.97) 51 35 769 0.77 (0.56, 1.05)
P for linear trend 0.042 0.019
Per cup 0.93 (0.88, 1.00) 0.88 (0.80, 0.98)

Hypercholesterolaemia
0 826 615760 1.00 (reference) 280 91 150 1.00 (reference)
0.1–0.9 (0.3) 193 244261 0.81 (0.69, 0.95) 57 33 922 0.74 (0.55, 1.00)
1.0–1.9 (1.0) 199 219037 0.89 (0.76, 1.05) 69 30 335 0.95 (0.72, 1.25)
≥2.0 (2.0) 121 172882 0.77 (0.62, 0.94) 36 19 707 0.79 (0.54, 1.13)
P for non-linear trend 0.005
Per cup† 0.82 (0.67, 1.01)
P for linear trend 0.010
Per cup 0.92 (0.86, 0.98)

Values in parentheses are 95 per cent confidence intervals unless indicated otherwise. *Adjusted for age at study baseline (years, continuous), sex,
education (primary, high school, or university), occupation (full-time, part-time, retired, disability pension, unemployed, or housewife), smoking status
(never; ex-smoker: less than 20, 20–39, or at least 40 pack-years; or current: less than 20, 20–39, or at least 40 pack-years), BMI (less than 20.0, 20.0–24.9,
25.0–29.9, or at least 30.0 kg/m2), walking/cycling (less than 20, 20–40, 40–60, or over 60 min/day), history of diabetes (yes, no), and cardiovascular
diseases (yes, no), family history of myocardial infarction (yes, no), aspirin use (yes, no), coffee consumption (no more than 1.0, 1.1–3.0, 3.1–5.0, or over
5.0 cups/day), sugar consumption (0, 0.1–1.0, 1.1–3.0, 3.1–5.0, or at least 5.1 teaspoons/day), modified Mediterranean diet score (points, continuous), and
intake of energy (kcal/day, continuous). Missing data on educational level (0.5 per cent), smoking status (1.6 per cent), BMI (3.6 per cent), walking/cycling
(8.7 per cent), and aspirin use (10.7 per cent) were included in the models as separate categories. †Calculated for linear range of association, that is tea
consumption of at least one cup/day. AAA, abdominal aortic aneurysm; HR, hazard ratio.
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to smoke, and less likely to have hypertension, diabetes, hyper-
cholesterolaemia, or CVD; it is plausible that these features may
reflect generally healthier behaviour or unobserved alternative
social determinants (such as lower psychosocial stress), and
may interact synergistically. In addition, healthier physical status
might lead to less interaction with healthcare services and there-
fore a lower rate of detection of aneurysms in unscreened co-
horts. Moreover, although the HRs were adjusted for many
potential risk factors, a risk of potential residual confounding
and its effect on attenuation of the observed associations cannot
be excluded. Routine investigation of participants’ aortic diam-
eter was limited to a subcohort of men, those who underwent
AAA screening at the age of 65–75 years. Inference based on
register-based cases could therefore have led to underdetection
of asymptomatic AAA in participants classified as having non-
diseased aortas. Such misclassification would most likely have
led to underestimation of the risk estimates. Furthermore, as wo-
men in this study did not undergo population-based screening, it
is possible that those with lower tea consumption were more
prone to seeking medical attention, and thereby more likely to
undergo opportunistic screening than women with high tea con-
sumption. Such misclassification would most likely have led to
overestimation of the risk reduction observed among women.
However, the observed association with rupture as an outcome
is unlikely to suffer from such bias.

Acknowledgements
No preregistration exists for the reported studies and plan of
analysis.

Funding
The study was supported by research grants from the Swedish
Research Council/Medicine (VR 2015-02302) and from the
Swedish Research Council for Health, Working Life and Welfare
(FORTE 2015-00778) and grant (VR 2017-00644) for the Swedish
Infrastructure for Medical Population-based Life-course
Environmental Research (SIMPLER).

Disclosure. The authors declare no conflict of interest.

References
1. Miller FJ, SharpWJ, Fang X, Oberley LW, Oberley TD, Weintraub

NL. Oxidative stress in human abdominal aortic aneurysms: a
potential mediator of aneurysmal remodeling. Arterioscler
Thromb Vasc Biol 2002;22:560–565

2. Altobelli E, Rapacchietta L, Profeta V, Fagnano R. Risk factors for
abdominal aortic aneurysm in population-based studies: a sys-
tematic review and meta-analysis. Int J Environ Res Public Health
2018;15:2805

3. Aune D, Schlesinger S, Norat T, Riboli E. Tobacco smoking and
the risk of abdominal aortic aneurysm: a systematic review
and meta-analysis of prospective studies. Sci Rep 2018;8:14786

4. Forsdahl SH, Singh K, Solberg S, Jacobsen BK. Risk factors for ab-
dominal aortic aneurysms: a 7-year prospective study: the
Tromsø Study, 1994–2001. Circulation 2009;119:2202–2208

5. Stackelberg O, Björck M, Larsson SC, Orsini N, Wolk A. Sex dif-
ferences in the association between smoking and abdominal
aortic aneurysm. Br J Surg 2014;101:1230–1237

6. SinhaN, Dabla P. Oxidative stress and antioxidants in hyperten-
sion—a current review. Curr Hypertens Rev 2015;11:132–142

7. Ellegaard PK, Poulsen HE. Tobacco smoking and oxidative stress

to DNA: a meta-analysis of studies using chromatographic and
immunological methods. Scand J Clin Lab Invest 2016;76:151–158

8. Wanhainen A, Verzini F, Van Herzeele I, Allaire E, Bown M,
Cohnert T. Editor’s Choice—European Society for Vascular
Surgery (ESVS) 2019 clinical practice guidelines on the manage-
ment of abdominal aorto-iliac artery aneurysms. Eur J Vasc
Endovasc Surg 2019;57:8–93

9. Mundal LJ, Igland J, Leren TP, Retterstøl K. Excess aortic pathol-
ogy risk in patients with genetically verified familial hyperchol-
esterolaemia: a prospective Norwegian registry study. Eur J Vasc
Endovasc Surg 2021;61:712–713

10. Kobeissi E, Hibino M, Pan H, Aune D. Blood pressure, hyperten-
sion and the risk of abdominal aortic aneurysms: a systematic
review and meta-analysis of cohort studies. Eur J Epidemiol
2019;34:547–555

11. Widlansky ME, Duffy SJ, Hamburg NM, Gokce N, Warden BA,
Wiseman S et al. Effects of black tea consumption on plasma ca-
techins andmarkers of oxidative stress and inflammation in pa-
tients with coronary artery disease. Free Radic Biol Med 2005;38:
499–506

12. Wen W, Xiang YB, Zheng W, Xu WH, Yang G, Li H et al. The as-
sociation of alcohol, tea, and other modifiable lifestyle factors
with myocardial infarction and stroke in Chinese men. CVD
Prev Control 2008;3:133–140

13. Geleijnse JM, Launer LJ, Van der Kuip DAM, Hofman A,
Witteman JCM. Inverse association of tea and flavonoid
intakes with incident myocardial infarction: the Rotterdam
Study. Am J Clin Nutr 2002;75:880–886

14. Mahdavi-RoshanM, Salari A, Ghorbani Z, Ashouri A. The effects
of regular consumption of green or black tea beverage on blood
pressure in those with elevated blood pressure or hypertension:
a systematic review and meta-analysis. Complement Ther Med
2020;51:102430

15. Wang D, Chen C, Wang Y, Liu J, Lin R, Walker N. Effect of black

tea consumption on blood cholesterol: a meta-analysis of 15
randomized controlled trials. PLoS One 2014;9:e107711

16. Zhao Y, Asimi S, Wu K, Zheng J, Li D. Black tea consumption and
serum cholesterol concentration: systematic review and meta-
analysis of randomized controlled trials.ClinNutr 2015;34:612–619

17. Hodgson JM, Croft KD. Tea flavonoids and cardiovascular
health. Mol Aspects Med 2010;31:495–502

18. Peterson J, Dwyer J, Bhagwat S, Haytowitz D, Holden J, Eldridge
AL et al. Major flavonoids in dry tea. J Food Compos Anal 2005;18:
487–501

19. Dwyer JT, Peterson J. Tea and flavonoids: where we are, where
to go next. Am J Clin Nutr 2013;98:1611S–1618S

20. Chung M, Zhao N,Wang D, Shams-White M, KarlsenM, Cassidy
A et al. Dose–response relation between tea consumption
and risk of cardiovascular disease and all-cause mortality: a
systematic review and meta-analysis of population-based
studies. Adv Nutr 2020;11:790–814

21. Zhang C, Qin YY,Wei X, Yu FF, Zhou YH, He J. Tea consumption
and risk of cardiovascular outcomes and total mortality: a sys-
tematic review and meta-analysis of prospective observational
studies. Eur J Epidemiol 2015;30:103–113

22. Messerer M, Johansson SE, Wolk A. The validity of
questionnaire-based micronutrient intake estimates is
increased by including dietary supplement use in Swedish
men. J Nutr 2004;134:1800–1805

23. Bergström L, Kylberg E, Hagman UE, Bruce Å. The food compos-
ition database kost: Thenational foodadministration’s informa-
tion systemfornutritive valuesof food.Vår Föda1991;43:439–447

Kaluza et al. | 353
D

ow
nloaded from

 https://academ
ic.oup.com

/bjs/article/109/4/346/6541444 by guest on 23 April 2024



24. Kaluza J, Stackelberg O, Harris HR, Akesson A, BjörckM,Wolk A.

Mediterranean diet is associatedwith reduced risk of abdominal
aortic aneurysm in smokers: results of two prospective cohort
studies. Eur J Vasc Endovasc Surg 2021;62:284–293.

25. Nilsson AC, Spetz CL, Carsjö K, Nightingale R, Smedby B.
[Reliability of the hospital registry. The diagnostic data are
better than their reputation.] Lakartidningen 1994;91:598, 603–
605

26. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL,
Reuterwall C et al. External review and validation of the Swedish
national inpatient register. BMC Public Health 2011;11:450

27. Venermo M, Lees T. International Vascunet validation of the
Swedvasc registry. Eur J Vasc Endovasc Surg 2015;50:802–808

28. Svensjö S, Björck M, Gürtelschmid M, Djavani Gidlund K,
Hellberg A, Wanhainen A. Low prevalence of abdominal aortic
aneurysm among 65-year-old Swedish men indicates a change
in the epidemiology of the disease. Circulation 2011;124:
1118–1123

29. Wanhainen A, Hultgren R, Linné A, Holst J, Gottsäter A,
Langenskiöld M et al. Outcome of the Swedish nationwide ab-
dominal aortic aneurysm screening program. Circulation 2016;
134:1141–1148

30. Harrell FE, Lee KL, Pollock BG. Regression models in clinical stu-
dies: determining relationships between predictors and re-
sponse. J Natl Cancer Inst 1988;80:1198–1202

31. Ridder M. Per Capita Consumption of Tea in Sweden from 2009 to

2019. https://www.statista.com/statistics/560160/per-capita-
consumption-of-tea-in-sweden/ (accessed 8 November 2021)

32. Andersson HC, Hallstrom H, Kihlman BA. Intake of Caffeine and
Other Methylxanthines During Pregnancy and Risk for Adverse
Effects in Pregnant Women and their Foetuses. Nordic TemaNord
2004:565. Copenhagen: Council of Ministers press, 2005

33. Rietveld A, Wiseman S. Antioxidant effects of tea: evidence
from human clinical trials. J Nutr 2003;133:3285S–3292S

34. Liu G, Mi XN, Zheng XX, Xu YL, Lu J, Huang XH. Effects of tea in-
take on blood pressure: a meta-analysis of randomised con-
trolled trials. Br J Nutr 2014;112:1043–1054

35. Li D, Wang R, Huang J, Cai Q, Yang CS, Wan X et al. Effects and
mechanisms of tea regulating blood pressure: evidences and
promises. Nutrients 2019;11:1115

36. Setozaki S, Minakata K, Masumoto H, Hirao S, Yamazaki K,
Kuwahara K et al. Prevention of abdominal aortic aneurysmpro-
gression by oral administration of green tea polyphenol in a rat
model. J Vasc Surg 2017;65:1803–1812.e2

37. Stackelberg O, Björck M, Larsson SC, Orsini N, Wolk A. Fruit and
vegetable consumption with risk of abdominal aortic aneur-
ysm. Circulation 2013;128:795–802

38. Tindage D, Dewi R, Manalu JL. Green tea and black tea can lower
the levels of LDL cholesterol in hyperlipidemic animal model.
Damianus J Med 2021;20:40–45

354 | BJS, 2022, Vol. 109, No. 4

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/109/4/346/6541444 by guest on 23 April 2024

https://www.statista.com/statistics/560160/per-capita-consumption-of-tea-in-sweden/
https://www.statista.com/statistics/560160/per-capita-consumption-of-tea-in-sweden/

	Tea consumption and the risk of abdominal aortic aneurysm
	Introduction
	Methods
	Study population
	Exclusions and follow-up of cohorts
	Assessment of tea consumption
	Assessment of co-variables
	Ascertainment of abdominal aortic aneurysm
	Statistical analysis

	Results
	Association by rupture status
	Subcohort with measured infrarenal aortic diameter

	Association by smoking status
	Associations by hypertension and hypercholesterolaemia

	Discussion
	Acknowledgements
	Funding
	References


