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PPROXIMATELY 50 MILLION
people in the United States
have hypertension, and the
prevalence is increasing.' Hy-
pertension is a major risk factor for coro-
nary heart disease, stroke, and conges-
tive heart failure > Therefore, even small
reductions in the prevalence of hyper-
tension could have a potentially large
public health and financial impact.

Much clinical lore about the pos-
sible association between caffeine in-
take and the risk of hypertension is
available. Short-term studies have dem-
onstrated that caffeine intake acutely in-
creases blood pressure, but over time,
attenuation of this effect does occur.*
Experimental studies have shown that
caffeine can raise plasma levels of sev-
eral stress hormones, such as epineph-
rine, norepinephrine,’® and cortisol, all
of which can lead to an increase in
blood pressure.®” However, these ex-
periments have been limited to rela-
tively short periods of observation, typi-
cally less than 1 week; information on
a more sustained neuroendocrine re-
sponse to regular exposure to caffeine
is not available.

A long-term effect of caffeine intake
on the risk of developing hyperten-
sion would be of substantial public
health importance given the wide-
spread consumption of beverages con-
taining caffeine, but currently, studies
of this association are scarce. A recent
longitudinal study in 1017 men found
a positive association between coffee
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Context Caffeine acutely increases blood pressure, but the association between ha-
bitual consumption of caffeinated beverages and incident hypertension is uncertain.

Objective To examine the association between caffeine intake and incident hyper-
tension in women.

Design, Setting, and Participants Prospective cohort study conducted in the Nurses'
Health Studies (NHSs) I and Il of 155594 US women free from physician-diagnosed hy-
pertension followed up over 12 years (1990-1991 to 2002-2003 questionnaires). Caf-
feine intake and possible confounders were ascertained from regularly administered ques-
tionnaires. We also tested the associations with types of caffeinated beverages.

Main Outcome Measure Incident physician-diagnosed hypertension.

Results During follow-up, 19541 incident cases of physician-diagnosed hyperten-
sion were reported in NHS | and 13536 in NHS Il. In both cohorts, no linear associa-
tion between caffeine consumption and risk of incident hypertension was observed
after multivariate adjustment (NHS I, P for trend=.29; NHS II, P for trend=.53). Using
categorical analysis, an inverse U-shaped association between caffeine consumption
and incident hypertension was found. Compared with participants in the lowest quin-
tile of caffeine consumption, those in the third quintile had a 13% and 12% increased
risk of hypertension, respectively (95 % confidence interval in NHS I, 8%-18%; in NHS
I, 6%-18%). When studying individual classes of caffeinated beverages, habitual cof-
fee consumption was not associated with increased risk of hypertension. By contrast,
consumption of cola beverages was associated with an increased risk of hypertension,
independent of whether it was sugared or diet cola (P for trend <.001).

Conclusion No linear association between caffeine consumption and incident hy-
pertension was found. Even though habitual coffee consumption was not associated
with an increased risk of hypertension, consumption of sugared or diet cola was as-
sociated with it. Further research to elucidate the role of cola beverages in hyperten-
sion is warranted.
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consumption and blood pressure and
incident hypertension in unadjusted
analyses.® Although the association with
blood pressure level was significant in
multivariate analyses, a nonsignifi-
cant 40% increase in the risk of inci-
dent diagnosis of hypertension (95%
confidence interval [CI], -6% to 109%)
for 3 to 4 cups per day and a 43% in-
crease (95% CI, -6% to 118%) for 5 or
more cups per day vs no coffee con-
sumption was found. No published
studies to date of the association be-
tween caffeine intake and the risk of hy-
pertension in women are available.

To prospectively elucidate whether
caffeine intake or consumption of cer-
tain caffeine-containing beverages is as-
sociated with the risk of incident hyper-
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tension in women, we examined these
questions in 2 large cohort studies of
women, the Nurses’ Health Studies
(NHSs) I and 11.

METHODS

Study Populations

The NHSI cohort was assembled in 1976
when 121 700 female registered nurses,
aged 30 to 55 years, completed and re-
turned a mailed questionnaire.” Fol-
low-up questionnaires have been mailed
every 2 years to update information on
health-related behaviors and medical
events. The NHS I began in 1989, when
116 671 female registered nurses, aged
25 to 42 years, completed and returned
a mailed questionnaire. Question-
naires have been mailed every 2 years
to update exposure information and di-
agnosis of new diseases. The follow-up
for both cohorts exceeds 90%. In this
analysis, all participants who had not
been diagnosed with hypertension be-
fore the return of the 1990 NHS I or 1991
NHS II questionnaires were included.
This study was approved by the insti-
tutional review board at Brigham and
Women’s Hospital, Boston, Mass. Re-
ceipt of each questionnaire implies par-
ticipant’s consent.

Dietary Assessment

Food frequency questionnaires were
used to measure dietary intake and were
completed in 1990, 1994, and 1998 for
NHSIand 1991, 1995, and 1999 for NHS
I1. Participants were asked about their
usual intake of foods and beverages dur-
ing the past year. The response options
for specified serving sizes were the fol-
lowing: never or less than once per
month; 1 to 3 times per month; 1 per
week; 2 to 4 per week; 5 to 6 per week;
1 per day; 2 to 3 per day; 4 to 5 per day;
and 6 or more per day. The relevant bev-
erages included on the questionnaire
were the following: low-calorie cola (eg,
Diet Coke or Diet Pepsi with caffeine),
regular cola (eg, Coke, Pepsi, or other
cola beverages with sugar), tea with caf-
feine, tea without caffeine, coffee with
caffeine, and decaffeinated coffee. Total
caffeine intake was calculated primarily
using US Department of Agriculture food
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composition sources. In these calcula-
tions, it was assumed that the content of
caffeine was 137 mg per cup of coffee,
47 mg per cup of tea, 46 mg per can or
bottle of cola beverage, and 7 mg per
serving of chocolate candy.'® This
method of measuring coffee intake was
shown to be valid in both the NHSI co-
hort and a similar cohort study of male
health professionals.!**?

Assessment of Other Variables

Data on height and family history of hy-
pertension were collected at baseline in
both cohorts. Information on weight was
updated every 4 years. Using each par-
ticipant’s updated weight, body mass in-
dex was calculated by dividing the weight
in kilograms by height in meters squared.
Also, an updated variable for weight dif-
ference between baseline and the time of
respective follow-up questionnaire was
generated. Information on oral contra-
ceptive use in the NHS II cohort also was
updated every 4 years. The same semi-
quantitative food frequency question-
naires were used to determine intake of
alcohol, sodium, potassium, magne-
sium, calcium, and phosphorus.'* Physi-
cal activity was assessed in NHS1 (1988,
1992, and 1996) and NHSI (1989, 1993,
and 1997) cohorts; energy expenditure
was expressed in metabolic equivalent
tasks."” In addition, the frequency of an-
algesic drug use (aspirin, nonsteroidal
anti-inflammatory drugs, and acetami-
nophen) was ascertained.'®"’

Outcome Definition

The baseline and biennial follow-up
questionnaires inquired about physician-
diagnosed hypertension and the year of
diagnosis. Self-reported diagnosis of hy-
pertension was found to be reliable in the
NHS I cohort.'® In a subset of women
who reported hypertension, review of
medical records confirmed a docu-
mented systolic and diastolic blood pres-
sure, respectively, higher than 140
mm Hg and 90 mm Hg in 100% and
higher than 160 mm Hg and 95 mm Hg
in 77% of participants. Additionally, self-
reported hypertension was predictive of
subsequent cardiovascular events.'® A
study participant was considered to have
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a history of hypertension if she re-
ported a diagnosis of high blood pres-
sure on any questionnaire up to and in-
cluding the 1990 questionnaire in NHS
I and the 1991 questionnaire in NHSII,
and therefore was excluded from the
study. Among the remaining women in
each cohort, incident cases were in-
cluded as those who first reported hy-
pertension on any of the subsequent bi-
ennial questionnaires and whose date of
diagnosis was after the return of the 1990
NHS I or the 1991 NHS II question-
naire. This method recently has been
used in a study of folate intake and the
risk of hypertension in women.

Statistical Methods

The time of observation was between
return of the 1990 NHS Iand 1991 NHS
II and the 2002 NHS I and 2003 NHS
1T questionnaires. Participants who did
not return the baseline questionnaires
for this study were allowed to contrib-
ute person-time for later time inter-
vals, provided that they had not been
diagnosed with hypertension prior to
return of the respective questionnaire.
Participants were censored after being
diagnosed with hypertension or at the
time of death. Each cohort was ana-
lyzed separately. Age-adjusted Cox pro-
portional hazards regression models
were used to estimate relative risks and
95% Cls. In addition, multivariate mod-
els were constructed that adjusted for
other known risk factors of the study
outcome: age (continuous), body mass
index (continuous), alcohol use (6 cat-
egories), physical activity (quintiles of
metabolic equivalent tasks), smoking
status (current, past, or never), family
history of hypertension (yes/no), and
current oral contraceptive use (yes/
no; only in NHSII). In additional analy-
ses, we ensured that sodium, magne-
sium, calcium, potassium, and
phosphorus intake (quintiles) did not
confound the estimates from these mul-
tivariate models. All variables were up-
dated to reflect the most recent value
provided by the participants on the bi-
ennial questionnaires. Participants with
missing data were assigned to a miss-
ing category for that specific time pe-
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riod. We determined P values for trend
for each of the exposures of interest by
using the median for each category.
Level of significance for P values for
trend was <.05. Also the interaction be-
tween caffeine intake and the other vari-
ables was tested. We used SAS version
8.2 for UNIX statistical software pack-
age (SAS Institute Inc, Cary, NC).

RESULTS

In NHS I, 53 175 women had not been
diagnosed with hypertension at base-
line in 1990. Another 7916 participants
who did not respond to the 1990 ques-
tionnaire but who did respond to a later
questionnaire disclosing that they pre-
viously had not been diagnosed with
hypertension allowed them to contrib-

in the highest quintile were not at an in-
creased risk of hypertension (TABLE 2).
Multivariate adjustment did not mate-
rially change these findings (Table 2).
To further examine this inverse
U-shaped association, the frequency of
use of different caffeine-containing bev-
erages in relation to the risk of incident
hypertension was evaluated. In multi-
variate models including beverage type,
rather than actual caffeine intake, no asso-
ciation between frequency of intake of
caffeinated coffee and incident hyper-
tension was observed in either cohort.
Compared with NHSI participants drink-
ing less than 1 cup per day of caffein-

ated coffee, the relative risks were 1.06
(95% CI, 1.01-1.10) for those consum-
ing 1 cup per day, 1.00 (95% CI, 0.97-
1.04) for those drinking 2 to 3 cups per
day, 0.93 (95% CI, 0.88-0.99) for those
drinking 4 to 5 cups per day, and 0.88
(95% CI, 0.80-0.98) for those drinking
6 or more cups per day (TABLE 3). The
trend for the NHS I cohort was margin-
ally significant for an inverse associa-
tion between coffee intake and the risk
of hypertension (Table 3; P for
trend=.02). The findings in the NHS II
cohort were practically identical (P for
trend=.03). The results for intake of
decaffeinated coffee also were similar to

]
Table 1. Baseline Characteristics of Cohort by Quintile of Caffeine Intake in Nurses' Health
Study | (N =53175) and Nurses' Health Study Il (N = 87 369)*

ute person-time from that point in time. Quintile of Caffeine Intake
Over the 12 years (539 388 person- I 1

o 1 2 3 4 5
y?ariloffiol‘lovsjal.p), 19 5‘(;1}1:10(16[1’1[ Cgses Nurses’ Health Study | (1990)
ol physician-clagnosed hypertension o iyie range, mg/d 0-45 45-144 144-297  297-417  417-1788
were reported. o No. of women 9864 10070 10441 11007 11703
In NHS 1, 94 503 participants who o o "o =0 g 148(12.9) 97.0 (31 4) 200.3 (47.9) 354.1(33.0) 608.1 (167. 7)
were free ofhypertensmn (87369in 19.91 Age,y 554(72) 554 (7 55472  554(70 55468
gnd. an addltlopal 7134 ?t a later point Body mass indext 248 (4.4) 250 (& ) 24.9 (4.4)  24.8(4.1) 247 (4. )
in time) were included in the analyses Alcohol intake, g/d 68.1) 8.7) 293 7103 168
of younger women. During 909 199 per- Smoking status, %
son-years of observation, 13 536 partici- Past 37.0 37.0 37.0 42.0 37.0
pants responded that they were diag- Current 8.9 10.5 14.3 18.7 31.7
nosed with hypertension by a physician.  Sodium intake, g/d 1.82(0.35) 1.83(0.33) 1.84(0.34) 1.84(0.32) 1.86(0.35)
Participant characteristics by quin-  Family history of 42.4 42.6 42.0 423 41.9
tile of caffeine intake are presented in hypertension, %
TABLE 1. In both cohorts, mean caf- Blocéjysptgizsure' mm 1203 (11.8) 121.4(12.0) 121.4(12.0) 121.4(11.9) 120.8 (12.0)
feine consumption ranged from less than Diastolic 749(7.9) 755(78 756(7.9) 754(7.8 751(81)
20 mg/d in the lowest qumtlle to ap- Nurses’ Health Study I (1991)
proximately 600 mg/d in the highest o, 12066 mg/a 0-47 47-133 133234 234-411  411-1908
quintile. Caffeine intake was corre- "0 o) 17652 17 460 17394 17512 17 351
lated positively with alcohol consump- 5 e e o 19.6 (13.8) 86.9(26.8) 174.7 (27.4) 340.2(50.0) 597.4 (172.2)
tion and smoking status (r=0.12, Age,y 35448 3652(48 35947 36644  371@4)
P<.001 for NHS I, r=0.23, P<.001 for g " naey 242( 0 24505 ) 243( 1) 242( 9) 243( )
NHS II), whereas all other relevant char- Alcohol intake, g/d 7423) 166 1073 PYa
acteristics did not differ materially across 500 status, %
quintiles of caffeine consumption. Past 16.0 17.0 22.2 28.9 27.3
Age-adjusted analyses demonstrated Current 4.6 6.5 9.5 14.2 26.8
an inverse U-shaped relation between  Sodium intake, g/d 2.13(0.36) 2.12(0.36) 2.15(0.37) 2.18(0.36) 2.20 (0.39)
caffeine intake and the incidence of hy-  Current oral contraceptive 9.3 12.2 12.8 10.7 9.7
pertension in both cohorts. Compared use, .%
. s s . L Family history of 48.7 50.0 50.5 50.5 51.1
with participants in the lowest quintile hypertension, %
of caffeine consumption, the risk of in- 554 pressure, mm Hg
cident hypertension was increased by Systolic 112.09.00 1126(9.2) 112.6(9.1) 112.7(9.3) 112.8(9.5)
14% (95% CI, 9%-19% for NHS 1) and Diastolic 738(5.6) 741(.7) 740(67) 739(.7) 74.1(5.8)

15% (95% CI, 99%-21% for NHS 1I) for
those in the third quintile, whereas those
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*Data are presented as mean (SD) unless specified otherwise.
+Body mass index was calculated by dividing the weight in kilograms by height in meters squared.
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the data for caffeinated coffee intake (data
not shown); the trend suggested an
inverse association of risk of hyperten-
sionin the NHSI cohort (P for trend =.08)

but not in the NHS II cohort (P for
trend=.67).

An association between caffeinated
tea intake and incident hypertension in

CAFFEINE INTAKE AND HYPERTENSION

the NHS I cohort (TABLE 4; P for
trend=.79) was not found. However, in
the cohort of younger women in NHS
11, a moderate increase in risk of hy-

- _____________________________________________________________________________________________]
Table 2. Age-Adjusted and Multivariate Relative Risks for Incident Hypertension According to Quintile of Caffeine Intake

Quintile of Caffeine Intake

[ 1 P for
1 2 3 4 5 Trend
Nurses’ Health Study | (1990-2002)
No. of cases 3402 3893 3934 4147 4165
Person-years 100236 101049 104 094 113653 120356
Age-adjusted relative risk (95% Cl) 1.00 1.16 (1.11-1.22) 1.14 (1.09-1.19) 1.11 (1.06-1.16) 1.06 (1.02-1.11) .31
Multivariate relative risk (95% CI)* 1.00 1.13(1.08-1.19) 1.13(1.08-1.18) 1.08 (1.03-1.13) 1.04 (0.99-1.09) 29
Nurses’ Health Study Il (1991-2003)
No. of cases 2472 2687 2848 2785 2744
Person-years 183451 180266 179792 182932 182758
Age-adjusted relative risk (95% Cl) 1.00 1.14 (1.08-1.20) 1.15(1.09-1.21) 1.06 (1.01-1.12) 1.01 (0.96-1.07) .37
Multivariate relative risk (95% CI)* 1.00 1.05 (0.99-1.11) 1.12(1.06-1.18) 1.06 (1.00-1.12) 1.01 (0.95-1.07) .53

Abbreviation: ClI, confidence interval.

*Adjusted for age, body mass index, intake of alcohol, family history of hypertension, oral contraceptive use (in Nurses’ Health Study Il only), physical activity, and smoking status.

- _____________________________________________________________________________________________]
Table 3. Age-Adjusted and Multivariate Relative Risks for Incident Hypertension According to Frequency of Coffee Intake

Caffeinated Coffee, Cups per Day

[ 1 P for
<1 1 2-3 4-5 =6 Trend
Nurses’ Health Study | (1990-2002)
No. of cases 8073 3261 6190 1431 409
Person-years 220973 83525 171274 45044 14006
Age-adjusted relative risk (95% Cl) 1.00 1.05 (1.01-1.09) 1.00 (0.97-1.03) 0.91 (0.86-0.96) 0.85 (0.77-0.94) .002
Multivariate relative risk (95% CI)* 1.00 1.06 (1.01-1.10) 1.00 (0.97-1.04) 0.93 (0.88-0.99) 0.88 (0.80-0.98) .02
Nurses’ Health Study Il (1991-2003)
No. of cases 6907 1905 3571 827 258
Person-years 464 796 123668 241352 58196 17 462
Age-adjusted relative risk (95% Cl) 1.00 0.96 (0.92-1.01) 0.90 (0.86-0.93) 0.85 (0.79-0.92) 0.89 (0.78-1.00) <.001
Multivariate relative risk (95% CI)* 1.00 1.06 (1.01-1.13) 1.00 (0.95-1.04) 0.91 (0.84-0.98) 0.91 (0.80-1.04) .03

Abbreviation: Cl, confidence interval.

*Adjusted for age, body mass index, intake of alcohol, family history of hypertension, oral contraceptive use (in Nurses’ Health Study Il only), physical activity, and smoking status,

as well as the other classes of beverage.

- _____________________________________________________________________________________________]
Table 4. Age-Adjusted and Multivariate Relative Risks for Incident Hypertension According to Frequency of Caffeinated Tea Intake

Caffeinated Tea, Cups per Day

[ 1 P for
<1 1 2-3 4-5 =6 Trend
Nurses’ Health Study I (1990-2002)
No. of cases 14567 2299 1772 353 116
Person-years 398314 64145 51296 11040 3488
Age-adjusted relative risk (95% Cl) 1.00 1.00 (0.96-1.04) 0.99 (0.94-1.04) 0.93 (0.84-1.03) 0.97 (0.81-1.17) .25
Multivariate relative risk (95% CI)* 1.00 1.04 (0.99-1.08) 1.03 (0.98-1.08) 0.97 (0.87-1.09) 0.99 (0.83-1.20) .79
Nurses’ Health Study Il (1991-2003)
No. of cases 10.355 1.430 1.227 266 97
Person-years 693980 99234 82462 17064 5731
Age-adjusted relative risk (95% Cl) 1.00 1.02 (0.97-1.08) 1.04 (0.98-1.10) 1.10 (0.98-1.24) 1.23 (1.01-1.50) .01
Multivariate relative risk (95% CI)* 1.00 1.05 (0.99-1.11) 1.04 (0.98-1.10) 1.10(0.97-1.24) 1.11 (0.90-1.36) .01

Abbreviation: Cl, confidence interval.

*Adjusted for age, body mass index, intake of alcohol, family history of hypertension, oral contraceptive use (in Nurses’ Health Study Il only), physical activity, and smoking status,

as well as the other classes of beverage.
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pertension (P for trend=.01; Table 4)
was detected.

Finally, an examination of the pos-
sible associations between caffeinated
cola beverages and the risk of hyper-
tension showed that sugared caffein-
ated cola (NHS I, P for trend =.03;
NHS 11, P for trend <.001) (TABLE 5)
and diet caffeinated cola (NHS I, P
for trend=.02; NHS II, P for trend
<.001) (TABLE 6) were positively

associated with hypertension in both
cohorts.

Additional analyses adjusting for in-
take of sodium, magnesium, potas-
sium, phosphorus, and calcium or an-
algesic drug use did not change the
results materially for the caffeine in-
take or specific beverage intake analy-
ses. When testing the robustness of the
results, such as by limiting the analy-
sis to those women who reported hav-

-]
Table 5. Age-Adjusted and Multivariate Relative Risks for Incident Hypertension According

to Frequency of Sugared Cola Intake

Glasses or Cans of Sugared Cola per Day

[ 1 P for
<1 1 2-3 =4 Trend
Nurses’ Health Study | (1990-2002)
No. of cases 18682 348 163 27
Person-years 517245 9104 4228 544
Age-adjusted relative risk ~ 1.00 1.15(1.04-1.28) 1.21(1.04-1.41) 1.60(1.10-2.34) <.001
(95% CI)
Multivariate relative risk 1.00 1.09 (0.98-1.22) 1.11(0.95-1.30) 1.44(0.98-2.11) .03
(95% CI)*
Nurses’ Health Study Il (1991-2003)
<1 1 2-3 4-5
No. of cases 12367 517 378 73
Person-years 844171 30775 19436 3041
Age-adjusted relative risk ~ 1.00 1.20 (1.09-1.31)  1.44 (1.30-1.60) 1.78 (1.42-2.24) <.001
(95% CI)
Multivariate relative risk 1.00 1.13(1.08-1.24) 1.24 (1.11-1.38) 1.28 (1.01-1.62) <.001
(95% CI)*

Abbreviation: Cl, confidence interval.

*Adjusted for age, body mass index, intake of alcohol, family history of hypertension, oral contraceptive use (in Nurses’
Health Study Il only), physical activity, and smoking status, as well as the other classes of beverage.

]
Table 6. Age-Adjusted and Multivariate Relative Risks for Incident Hypertension According

to Frequency of Diet Cola Intake

Glasses or Cans of Diet Cola per Day

[ ] P for
<1 1 2-3 =4 Trend
Nurses’ Health Study | (1990-2002)
No. of cases 17268 1154 662 130
Person-years 479890 30579 17316 3173
Age-adjusted relative risk ~ 1.00 1.16(1.10-1.24) 1.23(1.13-1.33) 1.37 (1.15-1.62) <.001
(95% ClI)
Multivariate relative risk 1.00 1.07 (1.00-1.13) 1.06 (0.98-1.15) 1.16 (0.97-1.37) .02
(95% CI)*
Nurses’ Health Study Il (1991-2003)
<1 1 2-3 4-5
No. of cases 10192 1452 1358 449
Person-years 713971 91144 77398 21265
Age-adjusted relative risk ~ 1.00 1.16 (1.10-1.23) 1.33 (1.26-1.41) 1.63 (1.49-1.80) <.001
(95% ClI)
Multivariate relative risk 1.00 1.05(0.99-1.11)  1.09 (1.03-1.15) 1.19(1.08-1.32) <.001
(95% CI)*

Abbreviation: ClI, confidence interval.

*Adjusted for age, body mass index, intake of alcohol, family history of hypertension, oral contraceptive use (in Nurses’
Health Study Il only), physical activity, and smoking status, as well as the other classes of beverage.
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ing had a routine physical examina-
tion during the time interval or by using
baseline body mass index and up-
dated change in weight rather than up-
dated body mass index, the results were
virtually unchanged (data not shown).

COMMENT

In this prospective study of the associa-
tion between caffeine intake and the risk
of physician-diagnosed hypertension in
2 large cohorts of women, we found a
modest inverse U-shaped association be-
tween caffeine intake and hyperten-
sion in both cohorts. The magnitude of
the highest multivariate relative risk was
1.13in NHS I and 1.12 in NHS IL

To better understand this nonlinear
relation between caffeine intake and the
risk of hypertension, we evaluated the
individual associations of several caf-
feine-containing beverages. Neither caf-
feinated nor decaffeinated coffee dem-
onstrated a positive association with
incident hypertension in either cohort.
The results for consumption of caffein-
ated tea were inconclusive: although no
association was observed in the NHS 1
cohort, a positive trend was shown in the
NHS II cohort. By contrast, we found a
highly significant association between
cola intake (sugared or low-calorie cola)
and incident hypertension that was con-
sistent across the cohorts.

To our knowledge, this study is the
first to prospectively evaluate the puta-
tive effect of caffeine consumption on the
long-termrisk of hypertension in women.
The speculation that coffee may cause
hypertension was supported by several
small experiments over short periods of
observation (<80 days).? If the short-
term effects of caffeine on blood pres-
sure persist, then habitual coffee drink-
ing might contribute to an excess risk of
hypertension. Such an effect would be
of great public health importance given
the widespread use of coffee and other
caffeinated beverages. In this study with
more than 1.4 million person-years of fol-
low-up, the relevant exposures and out-
comes have been found valid and accu-
rate,'" 8 and coffee intake was updated
to reflect changes in individual behav-
ior. We found strong evidence to refute
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speculation that coffee consumption is
associated with an increased risk of
hypertension in women.

The associations found between caf-
feinated tea consumption and the risk
of hypertension differed between the 2
cohorts. In the NHS I cohort, no asso-
ciation was found; however, in the NHS
11 cohort, a significant positive trend was
observed. A recent study conducted
among 711 men and 796 women in Tai-
wan found a strong inverse associa-
tion between both frequency and dura-
tion of tea intake and hypertension.”
Since the types of tea (green or oolong)
consumed in that study are likely dif-
ferent from those consumed in our
study of US women, the comparability
of the findings from these 2 studies
appears uncertain.

In both NHS cohorts we found a posi-
tive association between frequency of caf-
feinated soft drink consumption and the
risk of hypertension. The findings were
consistent between the cohorts and were
present across types of soda beverages:
both sugared cola and diet cola bever-
ages were associated with an increased
risk of hypertension (Table 5 and Table
6). Hence, we speculate thatitis not caf-
feine but perhaps some other com-
pound contained in soda-type soft drinks
that may be responsible for the increased
risk in hypertension. If these associa-
tions are causal, they may have consid-

erable impact on public health. Recent
studies have found an effect of the intake
of cola beverages on insulin resistance in
a rat model??; in humans, the intake of
cola beverages was associated with an
increased risk of diabetes in the NHS II
cohort.”” These studies have attributed
these associations to the glycemic load
of corn syrup, which is used as sweet-
ener in these beverages, and the cara-
mel coloring, which is rich in advanced
glycation end products. Further studies
on the possible mechanisms underlying
these associations clearly are needed.
Weacknowledge the limitations of this
study. We cannot rule out that individu-
als susceptible to adverse effects of caf-
feinated coffee intake on their blood pres-
sure in the past may have reduced their
consumption of beverages containing
caffeine. Patients were asked about the
frequency of their food intake, but no
information was available on the daily
timing of such ingestion. We did not di-
rectly measure the participants’ blood
pressure and the diagnosis of hyperten-
sionwas self-reported. Nonetheless, self-
reported blood pressure has been validated
and demonstrated to be a strong predic-
tor of actual values.'® Furthermore, we do
not know whether these findings are gen-
eralizable beyond populations of predomi-
nantly white women. Wealso cannot ex-
clude the possibility that the associations
found are residually confounded. Lastly,

CAFFEINE INTAKE AND HYPERTENSION

no statement can be made on the effect
of coffee intake on the control of blood
pressure among individuals already diag-
nosed with hypertension.

In conclusion, consumption of cof-
fee in women does not appear to in-
crease the risk of developing hyperten-
sion. Whether caffeinated soft drinks are
causally related to the risk of hyperten-
sion and its underlying mechanism will
require further study.
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