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Nonnarcotic Analgesic Use and the Risk of Hypertension
in US Women

Julien Dedier, Meir J. Stampfer, Susan E. Hankinson,
Walter C. Willett, Frank E. Speizer, Gary C. Curhan

Abstract—Acetaminophen, aspirin, and other nonsteroidal anti-inflammatory drugs (NSAIDs) are widely consumed. Each
is theoretically capable of elevating blood pressure by altering prostaglandin homeostasis; however, there is little
prospective information on the relation between these agents and physician-diagnosed hypertension. We examined the
association between the use of aspirin, acetaminophen, or NSAIDs and incident hypertension in a prospective cohort
study of 51 630 women 44 to 69 years of age in 1990 who had no history of hypertension or chronic renal insufficiency.
Analgesic use was assessed in 1990 by a mailed questionnaire, and the women were followed for 8 years. The primary
outcome was physician-diagnosed hypertension reported on a follow-up biennial questionnaire. During 381 078
person-years of follow-up, 10 579 incident cases of hypertension were identified. Compared with nonusers, women who
used aspirin or acetaminophen at least 1 day per month or NSAIDs 5 or more days per month were at a significantly
higher risk for development of hypertension. After adjusting for potential confounders, the odds ratios for women in the
highest frequency of use category (�22 days per month) compared with no use were as follows: aspirin, 1.21 (95% CI,
1.13 to 1.30); acetaminophen, 1.20 (1.08 to 1.33); and NSAIDs, 1.35 (1.25 to 1.46). For each analgesic type, there was
a significant trend toward an increased risk of incident hypertension with increasing frequency of use (P�0.001). Given
the observed odds ratios, biologic plausibility, and the sizeable population at risk, health professionals should consider
potential hypertensive effects of aspirin, acetaminophen, and NSAIDs when counseling their patients about the use of
nonnarcotic analgesics. (Hypertension. 2002;40:604-608.)
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Aspirin, acetaminophen, and ibuprofen are the three most
commonly used medications among adults 18 years of

age and older, according to a national survey of US house-
holds conducted between 1998 and 1999.1 Seventeen percent
of respondents reported using aspirin in the preceding week,
23% reported acetaminophen use, and 17% ibuprofen use.
Prevalence of use was greater among women than men for
acetaminophen and ibuprofen.

Short-term prospective studies suggest nonsteroidal anti-
inflammatory drugs (NSAIDs) can cause acute elevations in
blood pressure,2,3 but a diagnosis of hypertension was used as
the primary outcome in only one case-control study.4 Al-
though aspirin and acetaminophen also influence prostaglan-
din homeostasis,5–7 prospective data on their potential hyper-
tensive effects have been sparse and inconclusive.8,9 A recent
study of these effects in a large cohort of younger US women
demonstrated an increased incidence of hypertension in users
of NSAIDs and acetaminophen but not aspirin (OR 1.86 and
2.00, respectively, for the highest use category, P�0.001).10

Twenty-four percent of US adults and 50% to 70% of those
�60 years of age have hypertension.11 Even small elevations

in blood pressure caused by nonnarcotic analgesic use could
affect cardiovascular morbidity and mortality.12 To examine
this issue, we studied the association between the use of
aspirin, acetaminophen, and NSAIDs and incident hyperten-
sion in a large cohort of US women.

Methods
The Nurses’ Health Study
The Nurses’ Health Study cohort was assembled in 1976 when
121 700 female registered nurses, 30 to 55 years of age, completed
and returned a mailed questionnaire.13 Follow-up questionnaires
have been mailed every 2 years to update information on health-
related behaviors and medical events. In 1990, questions were
included regarding frequency of use of acetaminophen, aspirin, and
other NSAIDs.

Study Population
The 1990 questionnaire was answered by 85 625 women. Women
who reported a history of hypertension (n�27 344) or chronic
kidney failure (n�10) on or before the 1990 questionnaire were
excluded from the study, as were women who did not answer any of
the questions on analgesic use (n�336). We also excluded subjects
who did not report having had a physical examination between 1988
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and 1990 (n�735) and at least one physical examination during
follow-up from 1990 to 1998 (n�5570). Thus, 51 630 women were
included in the current study.

Measurements

Assessment of Analgesic Use
The 1990 biennial questionnaire contained questions on the use of
aspirin, acetaminophen, and NSAIDs. The questions were worded:
“On average, how many days each month do you take any of the
following medications?” The response categories for each analgesic
were “none,” “1 to 4 days per month,” “5 to 14 days per month,” “15
to 21 days per month,” and “�22 days per month.” Information on
dosage and prior duration of analgesic use was not ascertained.

Assessment of Covariates
Body mass index (BMI), smoking status, age, and physical activity
were ascertained on the 1990 questionnaire and were updated with
each subsequent biennial questionnaire. Alcohol and sodium intake
were assessed in 1990 and again in 1994 with the use of a
semiquantitative food frequency questionnaire. A woman was con-
sidered to have a history of diabetes if she had reported it on any
biennial questionnaire through 1990. Information on family history
of hypertension was obtained on the 1992 questionnaire.

Ascertainment of Incident Hypertension
On each biennial questionnaire, women were asked to indicate
whether a physician had made a new diagnosis of hypertension in the
preceding 2 years. A previous validation study in this cohort showed
that self-reported hypertension was highly correlated with a docu-
mented diagnosis of hypertension in the medical record and was also
predictive of subsequent adverse cardiovascular outcomes.14

Data Analysis
Incidence rates were computed by dividing the number of new cases
of hypertension by the number of person-years in that analgesic use
category. The odds ratio was used as the measure of association.
Multivariate pooled logistic regression was used to estimate odds
ratios while simultaneously controlling for the following potential
confounding variables: age (5-year increments); BMI (6 categories);
sodium intake (quintiles); alcohol use (6 categories); physical activ-
ity (quintiles of METs); smoking status (current, past, or never);
history of diabetes (yes/no); and family history of hypertension
(yes/no). We also simultaneously controlled for concurrent use of the
other analgesic types. Subjects with missing data were assigned to a
missing category for that specific time. Period probability values for
trend were generated by entering the frequency of analgesic use as a
continuous variable in pooled logistic regression models. We exam-
ined the relation between frequency of analgesic use reported in 1990
and the development of hypertension after return of the 1990
questionnaire until May 31, 1998. Subjects were censored after being
diagnosed with hypertension or at the time of death.

We also investigated whether age, BMI, or alcohol use modified the
relation between analgesic use and incident hypertension. These poten-
tial effect modifiers were categorized as follows: age �60 or �60 years;
BMI �25 or �25 kg/m2; and alcohol intake 0 to 4 g/d, 5 to 14 g/d, or
�14 g/d. All probability values are 2-sided. Analyses were performed
with SAS statistical software, version 7.0 (SAS Institute Inc).

Results
Subject Characteristics and Baseline Analgesic Use
During 381 078 person-years of follow-up, we identified
10 579 cases of incident hypertension. The median age of the
cohort was 55 years (interquartile range 49 to 61), and 50%
had a BMI �24 kg/m2 (interquartile range 22 to 27). A family
history of hypertension was reported by 41%, and 3%
reported diabetes mellitus. Cohort characteristics by analgesic
type and frequency of use are displayed in Table 1. For each
analgesic type, 41% to 47% of women reported no regular

use, and 15% did not use any of the 3 analgesics. Use
frequency in 1990 and in 1992 were compared to assess the
consistency of use over time. Of the subjects with complete
data on frequency of use for both years, 62% to 65%
remained in the same use category. If grouped according to
low (0 to 4 days per month), medium (5 to 14 days per
month), or high (�15 days per month) use frequency, 76% to
82% remained in the same category on both questionnaires.
Furthermore, only 0.3% to 2.1% changed from the lowest to
the highest or from the highest to the lowest use frequency
category between 1990 and 1992.

Analgesic Use and Incident Hypertension
The age-adjusted risk of hypertension was higher for users of
aspirin, acetaminophen, or NSAIDs at all use frequencies compared
with nonusers (Table 2). After further adjustment for other potential
confounders, the risks remained significantly higher beginning at 1
to 4 days per month for aspirin (OR�1.08; 95% CI, 1.03 to 1.15)
and acetaminophen (OR�1.07; 95% CI, 1.02 to 1.13) and begin-
ning at 5 to 14 days per month for NSAIDs (OR�1.21; 95% CI,
1.12 to 1.31). For each analgesic type, there was a significant trend
toward an increased risk of hypertension with increasing frequency
of use (P�0.001). Among the highest frequency users (�22 days
per month), the odds ratio of hypertension was slightly higher for
NSAIDs (OR 1.35; 95% CI:1.25 to 1.46) than for aspirin (OR 1.21;
95% CI:1.13 to 1.30) and acetaminophen (OR 1.20; 95% CI, 1.08
to 1.33). Adjusting for age in 1-year increments and BMI in deciles
did not alter the results.

The odds ratios of hypertension for aspirin and NSAIDs use were
higher in younger women (�60 years) compared with older
women. However, the differences in the magnitudes of the odds
ratios were generally �20%. The magnitudes of the odds ratios
were not substantially modified by BMI or alcohol intake.

Discussion
We observed an increasing risk of development of hyperten-
sion with increasing use of aspirin, acetaminophen, or
NSAIDs, based on a single assessment of analgesic use. This
risk appeared to be slightly attenuated in older women.

The balance between vasodilator (eg, PGI2 and PGE2) and
vasoconstrictor prostaglandins (eg, PGF2� and thromboxane
A2) is postulated to affect blood pressure through renal and
systemic mechanisms.15–17 Aspirin,7 acetaminophen,5,6 and
NSAIDS18 have each been shown to reduce formation of
vasodilator prostaglandins from arachadonic acid. In the
setting of volume depletion, PGI2 and PGE2 enhance glomer-
ular filtration15,19 and reduce fractional sodium reabsorp-
tion.20,21 These actions help counterbalance the effects of
constriction of the renal vasculature caused by angiotensin II
and catecholamines22 under conditions such as chronic kid-
ney failure.19 In addition, ibuprofen and indomethacin have
been shown to preferentially inhibit extrarenal prostaglandin
synthesis and to elevate blood pressure16,17 in part, perhaps,
by increasing endothelin-1 production.23

Two cross-sectional studies in elderly populations suggest
a link between NSAID use and hypertension. In a cohort of
133 community-dwelling elderly subjects taking antihyper-
tensive medications,24 the odds of having a systolic blood
pressure �140 mm Hg were higher in NSAID users (OR,
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2.19; 95% CI, 1.33 to 3.61) than in control subjects matched
for age, gender, and BMI. In the second study,25 NSAID use
was significantly associated with hypertension only in sub-
jects taking antihypertensive medications (OR, 1.4; 95% CI,
1.1 to 1.7). Users of aspirin and NSAIDs were pooled, and
neither intensity of antihypertensive medication use nor
concomitant use of acetaminophen was controlled for in this
analysis.

A large case-control study of Medicaid beneficiaries4

found the odds of filling a first prescription for antihyperten-
sive medication were 2 times higher in subjects who had

filled a prescription for NSAIDs within the preceding year
than in those who had not. The odds ratios were greater with
more recent NSAID use and with an increasing daily dose of
NSAIDs.

Intervention studies have been small with conflicting
results; however, 2 meta-analyses2,3 found that NSAIDs
significantly elevated mean arterial pressure an average of 4
to 5 mm Hg in subjects taking antihypertensive medications.
None of the trials included in these meta-analyses exceeded 6
weeks in duration, so the effects of longer-term NSAID use
on blood pressure could not be evaluated.

TABLE 1. Characteristics of the Nurses’ Health Study I Cohort According to Frequency of Analgesic Use in
1990 (N�51 630)

Frequency of Use (Days/Month)

None 1–4 5–14 15–21 �22 Missing Data

Aspirin

Participants, n (%) 21 060 (40.8) 11 755 (22.8) 4540 (8.8) 1815 (3.5) 4711 (9.1) 7749 (15.0)

Age, y 54.8 54.7 55.5 56.6 58.0 55.5

Body mass index, kg/m2 24.8 24.7 24.8 25.0 25.2 25.1

Alcohol intake, g/d 4.7 5.1 5.6 6.0 5.6 4.8

Sodium intake, mg/d 1833 1844 1854 1854 1854 1842

Total activity, METs/wk 16.0 16.3 16.6 16.5 16.9 15.8

History of diabetes, % 2.8 2.1 2.1 2.3 4.1 2.7

Smoking history, %

Past 38.3 37.7 40.7 42.2 40.6 40.8

Current 16.8 16.2 15.3 17.1 19.0 18.5

Family history of hypertension, % 41.2 42.6 41.6 42.8 40.0 39.3

NSAIDs

Participants, n (%) 24 145 (46.8) 9845 (19.1) 3971 (7.7) 1229 (2.4) 3884 (7.5) 8556 (16.6)

Age, y 55.7 53.0 53.3 54.6 56.7 57.5

Body mass index, kg/m2 24.6 24.9 25.4 25.8 26.1 24.6

Alcohol intake, g/d 5.0 5.0 5.3 5.6 5.1 5.1

Sodium intake, mg/d 1837 1845 1856 1845 1847 1840

Total activity, METs/wk 16.5 16.1 15.6 14.2 15.4 16.3

History of diabetes, % 2.7 2.1 2.5 2.6 4.1 2.7

Smoking history, %

Past 37.6 39.8 42.4 42.6 43.2 38.3

Current 16.9 16.7 16.7 17.6 15.6 18.3

Family history of hypertension, % 41.0 43.9 44.4 42.9 40.9 37.3

Acetaminophen

Participants, n (%) 21 048 (40.8) 14 927 (29.0) 4461 (8.6) 1240 (2.4) 1841 (3.6) 8113 (15.7)

Age, y 55.8 53.9 54.3 55.3 56.8 56.9

Body mass index, kg/m2 24.7 24.9 25.1 25.2 25.2 24.9

Alcohol intake, gm/d 5.3 4.4 4.7 5.5 5.2 5.5

Sodium intake, mg/d 1831 1846 1855 1853 1846 1848

Total activity, METs/wk 16.9 15.5 15.0 15.6 14.4 17.0

History of diabetes, % 2.6 2.5 2.7 4.1 4.0 2.5

Smoking history, %

Past 38.5 38.8 39.6 42.2 40.7 40.1

Current 16.5 16.5 16.4 18.3 19.6 18.6

Family history of hypertension, % 41.0 42.8 43.5 41.9 39.4 38.1

Values are means except where noted. METs indicates metabolic equivalents.
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The effects of prolonged aspirin use on blood pressure have been
evaluated in 2 prospective studies. A Swiss cohort study of 1040
women26 found that baseline aspirin use, determined by a single
urine sample, was associated with a odds ratio of 1.3 (P�0.11) for
developing hypertension over the following 20 years. This study did
not comment on concurrent use of NSAIDs or acetaminophen and,
apart from age, did not adjust for standard risk factors for hyper-
tension. The second study8 was a double-blind, placebo-controlled
trial in which 102 male patients were randomly assigned to receive
either 1.5 g of aspirin or placebo daily for 2 years after myocardial
infarction. After the 74 subjects who were taking antihypertensive
medications were excluded from analysis, the treatment group
(n�17) had significant increases in systolic and diastolic pressures
(14 mm Hg and 9 mm Hg, respectively, P�0.05) during the first 6
months of follow-up relative to baseline. However, blood pressures
returned to baseline values by 1 year of follow-up. There was no
significant change in blood pressure in the placebo group (n�11).

We are aware of one intervention study that examined the
effect of acetaminophen on blood pressure.9 In this random-
ized, placebo-controlled, crossover trial of 22 hypertensive
patients, 1 g acetaminophen taken 4 times daily was associ-
ated with a 4–mm Hg increase in supine and standing systolic
blood pressures (P�0.05) during 4 weeks of treatment. A
recent prospective cohort study of �80 000 nurses 31 to 50

years of age found a higher incidence of hypertension among
subjects who used acetaminophen or NSAIDs at least 22 days
per month compared with nonusers (OR, 2.00 and 1.86,
respectively, P�0.001).10 No statistical association was ob-
served for aspirin. Analyses controlled for all covariates in
the present study plus dietary magnesium and potassium, oral
contraceptive use, and baseline blood pressure.

Although there are published data to support a potential
hypertensive effect for aspirin, acetaminophen, and NSAIDs,
our finding that the magnitudes of the odds ratios were
similar across analgesic types by frequency of use deserves
mention. It is unknown if analgesic users were more likely to
be diagnosed with hypertension because of more frequent
physician contact than nonusers. We minimized this possibil-
ity by excluding women who did not have a physical
examination in the 2-year period before the assessment of
analgesic use and at least one biennial physical examination
during the follow-up period. Although the exact time course
for developing hypertension after exposure to nonnarcotic
analgesics is unknown, data from a similar study in a cohort
of younger nurses10 showed statistically significant increases
in the risk of hypertension by analgesic use frequency within
the first 2 years of follow-up. Could residual confounding by
BMI or physical activity have produced this effect? Our

TABLE 2. Age-Adjusted and Multivariable Relative Risk of Incident Hypertension
According to Categories of Frequency of Use of Analgesics in the Nurses’
Health Study

Analgesic Use
(days/month) Cases (n) Person-Years

Relative Risk (95% CI)

Age-Adjusted* Multivariate*†

Aspirin

None
(reference)

3966 156 919 1.00 1.00

1–4 2309 87 747 1.04 (0.99–1.10) 1.08 (1.03–1.15)

5–14 965 33 495 1.12 (1.04–1.20) 1.13 (1.05–1.22)

15–21 473 13 062 1.38 (1.25–1.51) 1.38 (1.24–1.53)

22� 1127 33 596 1.24 (1.16–1.32) 1.21 (1.13–1.30)

Acetaminophen

None
(reference)

4037 156 739 1.00 1.00

1–4 2959 111 117 1.09 (1.04–1.14) 1.07 (1.02–1.13)

5–14 1033 32 144 1.30 (1.21–1.39) 1.22 (1.14–1.32)

15–21 317 8737 1.43 (1.28–1.61) 1.31 (1.16–1.48)

22� 457 12 994 1.33 (1.21–1.47) 1.20 (1.08–1.33)

NSAIDS

None
(reference)

4548 179 985 1.00 1.00

1–4 1918 73 803 1.11 (1.05–1.17) 1.05 (0.99–1.12)

5–14 924 28 806 1.35 (1.26–1.45) 1.21 (1.12–1.31)

15–21 324 8707 1.52 (1.36–1.70) 1.32 (1.17–1.49)

22� 1070 27 145 1.52 (1.42–1.63) 1.35 (1.25–1.46)

CI denotes confidence interval.
*Column trend significant (P�.001) for each type of analgesic.
†Logistic regression model controlling for age (5-year intervals), BMI (6 categories), intake of

sodium (quintiles) and alcohol (6 categories), physical activity (quintiles), family history of hyperten-
sion (yes/no), history of diabetes (yes/no), and smoking (current, past, or never).
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careful control for these and other known risk factors for
hypertension in multivariate models makes this unlikely.
Furthermore, we are unaware of any common conditions for
which analgesics are used that are independently associated
with the risk of hypertension. For these reasons, the fre-
quency of doctor visits for conditions associated with anal-
gesic use is not likely to be associated with the absolute risk
of developing hypertension.

Although we hypothesized that the odds ratio of hypertension
should be highest for NSAIDs and lowest for acetaminophen,
this was based on data from studies of relatively short duration,
which may have underestimated the more remote hypertensive
effects of aspirin and acetaminophen. Although brief exposure to
these drugs may influence the risk of development of hyperten-
sion, our data show that the majority of subjects remained in the
same general use category when surveyed 2 years later. This
suggests that current use may reflect long-term use patterns. In
fact, variation in subjects’ frequency of analgesic use during
follow-up would be expected to produce random misclassifica-
tion of the exposure that would reduce our ability to detect an
association. Our study was uniquely suited to detect these effects
because of its length of follow-up and the broad range of
analgesic use frequencies examined.

We observed a plateau in the incidence of hypertension at the
third highest frequency of use category (15 to 21 days per
month) among all 3 analgesic classes. This may indicate a
physiological plateau beyond which increasing the frequency of
analgesic use does not cause further blood pressure elevations.

Our study has several strengths. We determined baseline
analgesic use frequency before the development of hyperten-
sion, and the follow-up interval was 8 years. In addition, we
used reliable information on many known risk factors for
hypertension and concurrent use of multiple analgesic cate-
gories to control for possible confounding. The latter point is
important, given the previously reported hypertensive effects
of NSAIDs and the possibility that an individual may use
more than one type of analgesic concurrently.

Perspectives
Our findings suggest that use of aspirin, acetaminophen, and
NSAIDs is associated with the risk of development of
physician-diagnosed hypertension. This carries important
public health implications, given the frequency of use of these
medications in the general population and the relation be-
tween elevated blood pressure and cardiovascular death.12

Additional large, prospective cohort studies with frequent and
uniform blood pressure surveillance are needed to confirm
our findings and to determine precise temporal relations
between analgesic use and hypertension.
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