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Aims Previous studies have found high sodium intake to be associated with increased risks of cardiovascular disease (CVD)
and all-cause mortality among individuals with hypertension; findings on the effect of intake among individuals without
hypertension have been equivocal. We aimed to compare the risks of incident CVD and all-cause mortality among
initiators of sodium-containing acetaminophen with the risk of initiators of non-sodium-containing formulations of the
same drug according to the history of hypertension.

Methods
and results

Using The Health Improvement Network, we conducted two cohort studies among individuals with and without
hypertension. We examined the relation of sodium-containing acetaminophen to the risk of each outcome during
1-year follow-up using marginal structural models with an inverse probability weighting to adjust for time-varying con-
founders. The outcomes were incident CVD (myocardial infarction, stroke, and heart failure) and all-cause mortality.
Among individuals with hypertension (mean age: 73.4 years), 122 CVDs occurred among 4532 initiators of sodium-
containing acetaminophen (1-year risk: 5.6%) and 3051 among 146 866 non-sodium-containing acetaminophen initia-
tors (1-year risk: 4.6%). The average weighted hazard ratio (HR) was 1.59 [95% confidence interval (CI) 1.32–1.92].
Among individuals without hypertension (mean age: 71.0 years), 105 CVDs occurred among 5351 initiators of so-
dium-containing acetaminophen (1-year risk: 4.4%) and 2079 among 141 948 non-sodium-containing acetaminophen
initiators (1-year risk: 3.7%), with an average weighted HR of 1.45 (95% CI 1.18–1.79). Results of specific CVD out-
comes and all-cause mortality were similar.

Conclusion The initiation of sodium-containing acetaminophen was associated with increased risks of CVD and all-cause mortal-
ity among individuals with or without hypertension. Our findings suggest that individuals should avoid unnecessary
excessive sodium intake through sodium-containing acetaminophen use.
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Key question
Previous studies have found high sodium intake to be associated with increased risks of cardiovascular disease and all-cause mortality among
individuals with hypertension; findings on the effect of intake among individuals without hypertension have been equivocal.

Key finding
Sodium-containing acetaminophen was associated with a statistically significant higher risk of incident cardiovascular disease and all-cause
mortality than the non-sodium-containing acetaminophen initiation among individuals with and without hypertension.

Take-home message
Both individualswith andwithout hypertension should avoid unnecessary excessive sodium intake through sodium-containing acetaminophen use.

Structured Graphical Abstract Sodium-containing acetaminophen was associated with increased risks of CVD and all-cause mortality
among individuals with or without hypertension.

Keywords Sodium • Acetaminophen • Cardiovascular disease • Mortality

Introduction
Excessive sodium intake is a major public health concern globally.1,2

Numerous studies have found high sodium intake to be associated
with increased risks of cardiovascular disease (CVD) and all-cause
mortality among patients with hypertension,3–7 but findings among
individuals without hypertension have been equivocal.3–12

Although several randomized controlled trials have evaluated the
effect of reduction in sodium intake,13–15 no trial has been con-
ducted to assess the effect of extra sodium intake on the risks of
CVD and mortality owing to ethical considerations.

In addition to dietary sodium intake, sodium-containing drugs are
another source of sodium intake as it is widely used in drug prepara-
tions for enhancing solubility or disintegration.16,17 In 2018, the

proportion of sodium-containing medication users was 169.9/10
000 inhabitants in the UK and was even higher among women
and increased with age.18 Acetaminophen, a commonly used pain-
relief medication, consists of both sodium-containing (e.g. the effer-
vescent or soluble) and non-sodium-containing formulations.16,19

The effervescent and soluble formulations of 0.5 g acetaminophen
contain 0.44 and 0.39 g of sodium, respectively; thus, the intake of
maximum daily dose (i.e. 4 g/day) of sodium-containing acetamino-
phen corresponds to the ingestion of 3.5 and 3.1 g of sodium,20 a
dose that alone exceeds the recommended total daily sodium in-
take allowance of the World Health Organization (i.e. 2 g/day).2

Thus, the aim of this study was to compare the risks of incident
CVD and all-cause mortality among initiators of sodium-containing
acetaminophen (i.e. an incident exposure of extra sodium intake)
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with that among initiators of non-sodium-containing formulations
of the same drug according to the history of hypertension.

Methods

Data source
The Health Improvement Network (THIN) is an electronic medical re-
cord database of records of general practitioners (GPs) in the UK and
represents the UK population in demographics and medical conditions.
THIN contains anonymized medical records from 790 general prac-
tices with approximately 17 million patients. Health care information
is recorded at each practice on socio-demographics, anthropometrics,
lifestyle factors, visits to GPs, diagnoses from specialists and hospital
admissions, and laboratory test results.21 The Read classification sys-
tem is used to code specific diagnoses22 and the Multilex classification
system based on the British National Formulary and Anatomical
Therapeutic Chemical code is used for medications.23 Previous study
has demonstrated the validity of THIN database in clinical and epi-
demiological research.21 The scientific review committee for THIN
database and the institutional review board at the Xiangya Hospital,
Central South University, China, approved this study, with a waiver
of informed consent.

Study design and cohort definition
We conducted two cohort studies to examine the initiation of sodium-
containing acetaminophen in relation to the risks of incident CVD and
all-cause mortality. Eligible participants in the first study were 60–90
years of age, were registered for at least 1 year of continuous enroll-
ment with a general practice during January 2000–December 2017,
had a diagnosis of hypertension at any time prior to the index date,
and had been prescribed neither sodium-containing acetaminophen
nor non-sodium-containing formulations of acetaminophen at least 1
year before entering the study. Because the use of over-the-counter
acetaminophen was not recorded in THIN, to minimize the potential
exposure misclassification we restricted participants to those aged
≥60 years as theNational Health Service of theUK provides healthcare
withmost services free for those participants. The date of the initial pre-
scription of acetaminophen was the index date for the follow-up.
Participantswere excluded if they had a history of cancer orCVD (myo-
cardial infarction [MI], stroke, or heart failure) before the index date.
We took the same approach in a second cohort study that was con-
ducted among individuals without hypertension at baseline.

Assessment of exposure and comparator
We identified individuals who initiated either sodium-containing acet-
aminophen (i.e. in effervescent or soluble formulation) or
non-sodium-containing acetaminophen (i.e. in tablet, oral suspension,
or capsule formulation) based on the ATC code (N02BE01) and the
formulation recorded in THIN.16,20 We excluded individuals (16 694
with and 9095 without a history of hypertension) who were prescribed
compound acetaminophen (e.g. acetaminophen 0.5 g/dihydrocodeine
30 mg tablet), which accounted for 4.3% of the total acetaminophen
use (see the full list in Supplementary material online, Table S1).

Assessment of outcomes
The primary outcomes were incident CVD and all-cause mortality,
hereafter referred to as mortality. As approximately 90% of subjects
took acetaminophen for ≤1 year in the current study, we focused on
outcomes during the 1-year follow-up period after initial acetamino-
phen prescription to minimize a potential selection bias from the
loss to follow-up.24 CVD outcomes (MI, stroke, and heart failure)

were identified by Read codes.25–27 Date of death was recorded in
THIN through linkage to the National Health Service.28 To verify the
robustness of our findings, we examined the association of initiation
of sodium-containing acetaminophen with incident hypertension, iden-
tified using Read codes.29–31

Assessment of covariates
Socio-demographic and anthropometric characteristics, as well as life-
style factors, were assessed using the nearest available data prior to the
index date; comorbidities and medication use were assessed at any
time before the index date; and healthcare utilization was ascertained
during the 1-year period before the index date (Table 1).

Statistical analysis
Person-years of follow-up for each participant were calculated as the
amount of time from the index date to the first of the following events:
incident CVD, death, age of 90 years, transferring out of THIN GP
practice, the end of the 1-year follow-up period, or 31 December
2018 when the study was closed.

To account for time-varying exposures and confounders, we divided
the follow-up time into four 3-month time blocks starting from the in-
dex date and used a marginal structural model with an inverse prob-
ability weighting (IPW)32–34 to estimate the average weighted hazard
ratio (HR) of incident CVD and mortality for sodium-containing acet-
aminophen.35 Time-varying exposures and confounders were updated
every 3 months. Weights were calculated based on propensity scores
(PSs) for each individual’s probability of receiving a specific treatment,
given the confounders.32–34 The weights were 1/PS for participants
who initiated sodium-containing acetaminophen and 1/(1− PS) for
the participants who initiated non-sodium-containing acetamino-
phen.33,34 We fitted a pooled logistic regression model to obtain the
relative estimates. The odds ratio (OR) generated from this model ap-
proximated the HR because the outcome is rare. We also estimated
the absolute 1-year risk and risk difference (RD) of CVD by fitting
the pooled logistic models with product terms between the ‘initiation
of sodium-containing acetaminophen’ indicator and the 3 months of
follow-up variables. The models’ predicted values were then used to
estimate the cumulative incidence of CVD from baseline.36 The cumu-
lative incidence curves were standardized to the baseline variables.37

We used a non-parametric bootstrap with 100 samples to compute
the 95% confidence interval (CI) for RD. We used the same approach
to examine the relation of sodium-containing acetaminophen to mor-
tality and to the risk of incident hypertension. In addition, we took the
same approach to compare the risks of incident CVD and mortality
among initiators of sodium-containing ibuprofen or ranitidine with
that among initiators of non-sodium-containing formulations of the
same drugs according to the history of hypertension.

We conducted several sensitivity analyses. First, since 35% of parti-
cipants had missing values for acetaminophen dose, we limited the ana-
lyses to participants who initiated acetaminophen 3–4 g/day. Second,
to account for missing values of four important potential confounding
variables (i.e. body mass index, alcohol drinking, smoking, and the
Socioeconomic Deprivation Index), we took a sequential regression
approach to impute the missing value based on a set of covariates as
predictors. To minimize random error, we imputed 20 datasets and
used the PROC MIANALYZE in the SAS to combine estimates from
these datasets.38 Third, we restricted the analyses to a homogeneous
population, i.e. participants with osteoarthritis, who are likely to have
similar indications for acetaminophen use. Fourth, to further minimize
residual confounding bias (i.e. potential unbalanced distribution of iat-
rogenic sodium intake between two comparison groups), we excluded

Sodium-containing acetaminophen associated with cardiovascular disease and mortality 1745
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participants who had a history of using other sodium-containing med-
ications.16 Fifth, we conducted a quantitative sensitivity analysis to
evaluate the minimum unmeasured confounding effect that would ex-
plain away an association observed in the primary analyses. Finally, as a
previous study showed that there was a potential interaction between
acetaminophen and warfarin on the anticoagulant effect of the latter,39

we assessed the association between sodium-containing acetamino-
phen and the risk of CVD or mortality stratified by the use of warfarin.

We conducted a nested case–control study to assess the dose–re-
sponse relationship between the number of prescriptions of sodium-
containing acetaminophen and the risk of incident CVD. For each
case of CVD, we created a risk set that included up to 10 controls

Figure 1 Time to cardiovascular disease for patients initiating sodium-containing acetaminophen or non-sodium-containing acetaminophen
among individuals: (A) with prevalent hypertension and (B) without prevalent hypertension.

Sodium-containing acetaminophen associated with cardiovascular disease and mortality 1749



who were alive and free of CVD when a CVD case occurred and
matched by sex, year of entry into the study, and age of entry into
the study. The number of prescriptions of sodium-containing acetamino-
phen was calculated from the date of sodium-containing acetaminophen
initiation to the date of the case (i.e. CVD) and matched controls (as-
signed the same date as their matched case) were identified.We divided
the number of prescriptions of sodium-containing acetaminophen into
the following four categories: none, 1, 2–4, and ≥5. We examined the
relation of the number of sodium-containing acetaminophen prescrip-
tions to the risk of CVD using conditional logistic regression and tested
a dose–response relationship by entering the number of prescriptions
into the regression model. We took the same approach to evaluate
the dose–response relationship between sodium-containing acetamino-
phen prescriptions and the risk of mortality.

All P-values were two-sided and P, 0.05 was considered significant
for all tests. All statistical analyses were performed with the SAS soft-
ware, version 9.4 (SAS Institute, Cary, NC, USA).

Results
Overall, 151 398 individuals with hypertension and 147 299 indivi-
duals without hypertension were analyzed. The flowcharts depict-
ing the selection process of participants are shown in
Supplementary material online, Figures S1 and S2. Supplementary
material online, Table 1 shows the baseline characteristics of parti-
cipants. After adjustment for IPW, all covariates were well ba-
lanced (all standardized differences ,0.1) (Table 1).

Incident cardiovascular disease
The risk of incident CVD was higher among sodium-containing
acetaminophen initiators than among non-sodium-containing acet-
aminophen initiators regardless of hypertension (Figure 1). Among
individuals with hypertension, 122 cases of CVD (1-year risk: 5.6%)
occurred in the sodium-containing acetaminophen group and 3051
(1-year risk: 4.6%) in the non-sodium-containing acetaminophen
group during the 1-year follow-up period (Table 2). The RD of
CVD was 1.0% (95% CI 0.9–1.1%). The average weighted HR of
CVD was 1.59 (95% CI 1.32–1.92). The average weighted HRs
were 1.41 (95% CI 1.28–1.56) for MI, 1.59 (95% CI 1.20–2.09)
for stroke, and 1.44 (95% CI 1.13–1.83) for heart failure, respect-
ively. Among individuals without hypertension, 105 cases of CVD
(1-year risk: 4.4%) occurred in the sodium-containing acetamino-
phen initiators and 2079 (1-year risk: 3.7%) in the
non-sodium-containing acetaminophen initiators (Table 2).
Compared with non-sodium-containing acetaminophen, the RD
and HR of CVD for sodium-containing acetaminophen were
0.7% (95% CI 0.6–0.8%) over 1 year and 1.45 (95% CI 1.18–
1.79), respectively. Sodium-containing acetaminophen was asso-
ciated with higher risks of MI (HR 1.27; 95% CI 1.17–1.38), stroke
(HR 1.43; 95% CI 1.08–1.91), and heart failure (HR 1.30; 95% CI
1.14–1.57). Based on the smaller numbers than for
acetaminophen-containing drugs, the risk of incident CVD was
also higher among sodium-containing ibuprofen or ranitidine initia-
tors than among initiators of non-sodium-containing formulations
of the same drug regardless of history of hypertension (see
Supplementary material online, Table S2).

The results from all sensitivity analyses were consistent with
those from the main analyses (Table 2). To completely nullify the

observed associations (e.g. HRs of 1.59 and 1.45 for the smallest
effect estimate among hypertensive and non-hypertensive indivi-
duals, respectively), the OR of residual confounder(s) with either
sodium-containing acetaminophen or with CVD must be ≥2.56
among hypertensive participants and ≥2.26 among non-
hypertensive participants, respectively. Such strong residual con-
founder(s) seems unlikely given that many known confounders
have been accounted for in the analysis. In addition, sodium-
containing acetaminophen was associated with a higher risk of
CVD regardless of warfarin use, although the association was
stronger among participants with a warfarin prescription (P for
interaction= 0.001) (see Supplementary material online, Table S3).

Mortality
Mortality was higher in sodium-containing acetaminophen initiators
than in non-sodium-containing acetaminophen initiators regardless
of hypertension (Figure 2). As shown in Table 3, during the 1-year
follow-up period, 404 deaths (1-year risk: 7.6%) occurred in the
sodium-containing acetaminophen initiators and 5510 (1-year
risk: 6.1%) in the non-sodium initiators among individuals with
hypertension. The RD of mortality was 1.6% (95% CI 1.5–1.7%)
over 1 year. The average weighted HR was 2.05 (95% CI 1.92–
2.19). Similar associations were observed among individuals with-
out hypertension. The mortality was higher among initiators of
sodium-containing ibuprofen or ranitidine than among initiators
of non-sodium-containing formulations of the same drug regardless
of hypertension (see Supplementary material online, Table S4).

Sensitivity analyses did not change the results materially
(Table 3). In addition, to completely nullify the observed associa-
tions, the OR of residual confounder(s) with either sodium-
containing acetaminophen or with mortality must be≥3.52 among
hypertensive participants and ≥3.15 among non-hypertensive par-
ticipants, respectively. In addition, sodium-containing acetamino-
phen was associated with a higher risk of mortality regardless of
warfarin use, although its effect was larger among warfarin users
than non-users of warfarin (P for interaction= 0.001) (see
Supplementary material online, Table S3).

Dose–response relationship
As shown in Supplementary material online, Table S5, there was a
dose–response relationship between the number of sodium-
containing acetaminophen prescriptions and the risk of CVD.
Compared with non-sodium-containing acetaminophen, the ORs of
CVD for 1, 2–4, and ≥5 prescriptions of sodium-containing acet-
aminophen were 1.26, 1.33, and 1.45, respectively (P for trend=
0.034), and the corresponding ORs of mortality were 2.77, 3.02,
and 3.64, respectively (P for trend ,0.001) among individuals with
hypertension. Similar findings were observed among individuals with-
out hypertension (see Supplementary material online, Table S5).

Incident hypertension
The risk of incident hypertension was higher in the sodium-
containing acetaminophen initiators than in the non-sodium-
containing acetaminophen initiators (see Supplementary material
online, Figure S3). As shown in Supplementary material online,
Table S6, 246 cases of hypertension (1-year risk: 4.4%) occurred
among the sodium-containing acetaminophen initiators and
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5941 (1-year risk: 3.6%) among the non-sodium-containing acet-
aminophen initiators over the 1-year follow-up period [RD 0.8%
(95% CI 0.6–1.0%) and HR 1.37 (95% CI 1.22–1.54)].

Discussion
In this large population-based cohort study, sodium-containing
acetaminophen was associated with a statistically significant higher
risk of incident CVD and mortality than non-sodium-containing
acetaminophen initiation among individuals with and

without hypertension. The risk of CVD and mortality increased
as the duration of sodium-containing acetaminophen increased
(Structured Graphical Abstract). Our findings were consistent in sev-
eral sensitivity analyses, indicating that observed associations were
robust.

Comparison with previous studies
Many studies have examined the association of habitual sodium
intake (e.g. urinary sodium excretion) and risks of CVD and
mortality, but evidence among non-hypertensive individuals
has been conflicting.3–12 Observational studies of the effect of

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 2 Incident cardiovascular disease according to the hypertension status within 1 year among patients initiating
sodium-containing or non-sodium-containing acetaminophen

With a history of hypertension Without a history of hypertension

Sodium-containing
acetaminophen

Non-sodium-containing
acetaminophen

Sodium-containing
acetaminophen

Non-sodium-containing
acetaminophen

Composite cardiovascular disease

Participant, no. 4532 146 866 5351 141 948

Event no. 122 3051 105 2079

Mean follow-up (years) 0.89 0.93 0.89 0.94

One-year risk, % 5.6 4.6 4.4 3.7

IPW RD (95% CI), % 1.0 (0.9–1.1) 0.0 (reference) 0.7 (0.6–0.8) 0.0 (reference)

Average weighted HR (95%CI) 1.59 (1.32–1.92) 1.00 (reference) 1.45 (1.18–1.79) 1.00 (reference)

Restricting to intake of 3–
4 g/day

1.71 (1.61–1.81) 1.00 (reference) 1.42 (1.32–1.52) 1.00 (reference)

Missing data imputation 1.23 (1.19–1.27) 1.00 (reference) 1.16 (1.13–1.20) 1.00 (reference)

Restricting to osteoarthritis 1.82 (1.65–2.00) 1.00 (reference) 1.26 (1.17–1.37) 1.00 (reference)

Excluding other
sodium-containing medications

1.47 (1.40–1.54) 1.00 (reference) 1.22 (1.15–1.29) 1.00 (reference)

Myocardial infarctiona

Participant, no. 5281 165 556 5819 150 971

Event no. 32 1019 29 680

Mean follow-up (years) 0.88 0.93 0.89 0.94

One-year risk, % 2.2 1.8 1.7 1.5

IPW RD (95% CI), % 0.4 (0.3–0.5) 0.0 (reference) 0.2 (0.1–0.3) 0.0 (reference)

Average weighted HR (95%CI) 1.41 (1.28–1.56) 1.00 (reference) 1.27 (1.17–1.38) 1.00 (reference)

Strokea

Participant, no. 5228 167 761 5816 156 102

Event no. 57 1302 47 936

Mean follow-up (years) 0.89 0.94 0.89 0.94

One-year risk, % 2.6 1.9 2.0 1.4

IPW RD (95% CI), % 0.7 (0.6–0.8) 0.0 (reference) 0.6 (0.4–0.8) 0.0 (reference)

Average weighted HR (95%CI) 1.59 (1.20–2.09) 1.00 (reference) 1.43 (1.08–1.91) 1.00 (reference)

Heart failurea

Participant, no. 5462 170 725 5946 156 135

Event no. 70 1889 46 1074

Mean follow-up (years) 0.88 0.93 0.89 0.94

One-year risk, % 2.6 2.3 1.7 1.5

IPW RD (95% CI), % 0.3 (0.2–0.4) 0.0 (reference) 0.2 (0.1–0.3) 0.0 (reference)

Average weighted HR (95%CI) 1.44 (1.13–1.83) 1.00 (reference) 1.30 (1.14–1.57) 1.00 (reference)

HR, hazard ratio; RD, risk difference; IPW, inverse probability weighting; CI, confidence interval.
aWhen we estimated the risk of a specific cardiovascular disease outcome (e.g. myocardial infarction), participants were excluded if they had a recorded history of this specific
cardiovascular disease (e.g. myocardial infarction), and the recorded history of the other two cardiovascular diseases (e.g. stroke and heart failure) were considered as covariates.
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habitual sodium intake on the risk of CVD or mortality are sus-
ceptible to potential survival bias, especially in studies con-
ducted among older adults. To overcome this difficulty, we
conducted a cohort study mimicking a randomized controlled
trial40 to assess an incident exposure of extra sodium intake
and provide real-world evidence that extra high sodium intake

increases the risks of CVD and mortality among non-hypertensive
individuals.

Notably, a nested case–control study using the UK Clinical
Practice Research Datalink (CPRD) database found that exposure
to sodium-containing medicines was associated with significantly
increased odds of adverse cardiovascular events compared with

Figure 2 Time to death for patients initiating sodium-containing acetaminophen or non-sodium-containing acetaminophen among individuals:
(A) with prevalent hypertension and (B) without prevalent hypertension.
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standard formulations of those same drugs.16 By uncovering such
iatrogenic sodium load, the findings are of public health import-
ance.16 However, owing to the limitations of case–control stud-
ies,41,42 the absolute risk of CVD or mortality according to the
exposure to sodium-containing medicines among non-
hypertensive individuals remains unknown. In the current study,
we used incident exposure to minimize potential selection bias
and an active comparator as well as IPW (see PS distribution in
Supplementary material online, Table S7) to reduce potential con-
founding effects.40 The cohort study design allowed us to estimate
the risk of CVD and mortality according to the use of sodium-
containing acetaminophen and the RD between sodium-containing
acetaminophen and its comparator. These measures have potential
public health implications that a case–control study is unable to
provide.

Biological mechanism
Numerous studies have shown that a high sodium intake increases
the risk of hypertension.43,44 Since hypertension is one of the
strongest risk factors for CVD,45 it is plausible that the sodium-
containing acetaminophen would increase the risks of CVD and
mortality among normotensive individuals through increased
blood pressure. Indeed, results from a crossover randomized con-
trolled trial found that the sodium-containing acetaminophen
intervention resulted in an increase of 24 h ambulatory blood pres-
sure [5.04 mmHg (95% CI 1.80–8.28)] compared with the
non-sodium-containing acetaminophen intervention during the
3-week period.17 Nevertheless, the effervescent tablet of sodium-
containing acetaminophen contained sodium bicarbonate, not so-
dium chloride, and findings of the effect of sodium bicarbonate
on blood pressure are inconclusive.46 In addition, our study re-
ported a higher risk of CVD from sodium-containing acetamino-
phen among individuals with hypertension (HR 1.59, RD 10.4%)
than that among individuals without hypertension (HR 1.45, RD
7.1%), suggesting that individuals with a history of hypertension

may be more susceptible to sodium detrimental effect. This result
is consistent with the findings that hypertension is a major and re-
cognized trait associated with salt sensitivity of blood pressure.47,48

Thus, future observational studies should consider genetic traits or
salt sensitivity as major cofounders or effect measure modifiers
when assessing the effect of salt intake on the risk of CVD or
mortality.

Several other mechanisms have also been postulated. First, the
role of inflammatory mechanisms in mediating the damage of salt
on the endothelium is increasingly recognized and the suppressive
effect of salt on the endothelial function has been demonstrated to
be independent of blood pressure.49–51 Second, a high salt intake
can undermine the course and balance of the immune response
by promoting the development of macrophage and T cells with
proinflammatory functions.52,53 It induces pathogenic interleukin
17, thereby decreasing bioavailable nitric oxide, impairing vasodila-
tion, and increasing vascular stiffness, resulting in endothelial dys-
function and elevations in systematic vascular resistance.54,55

Third, the gut microbiome has been recently proposed as a key
moderator of the effect of salt on intermediate mechanisms (e.g.
inflammation) and health outcomes (e.g. CVD).56,57

Limitations
Potential limitations of our study include the lack of urinary sodium
excretion or dietary sodium intake data. Second, although we con-
trolled for many potential confounders, residual confounding (e.g.
genetic traits)47,48,58 cannot be ruled out in an observational study.
Third, because the use of over-the-counter acetaminophen was
not recorded in THIN, our exposure assessment is susceptible
tomisclassification bias. However, such bias, if it occurred, was like-
ly to be non-differential and dilute the observed association. In add-
ition, the sensitivity analysis restricting to participants aged ≥60
years did not change the results materially. Fourth, as the cause
of death was not recorded in THIN, we could not assess the
association between sodium-containing acetaminophen and
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Table 3 All-cause mortality according to the hypertension status within 1 year among patients initiating
sodium-containing or non-sodium-containing acetaminophen

With a history of hypertension Without a history of hypertension

Sodium-containing
acetaminophen

Non-sodium-containing
acetaminophen

Sodium-containing
acetaminophen

Non-sodium-containing
acetaminophen

Participant, no. 4532 146 866 5351 141 948

Event no. 404 5510 517 5190

Mean follow-up (years) 0.90 0.94 0.90 0.94

One-year risk, % 7.6 6.1 7.3 5.9

IPW RD (95% CI), % 1.6 (1.5–1.7) 0.0 (reference) 1.4 (1.2–1.6) 0.0 (reference)

Average weighted HR (95% CI) 2.05 (1.92–2.19) 1.00 (reference) 1.87 (1.74–2.00) 1.00 (reference)

Restricting to intake of 3–4 g/day 2.67 (2.19–3.27) 1.00 (reference) 2.20 (1.90–2.54) 1.00 (reference)

Missing data imputation 2.26 (2.21–2.31) 1.00 (reference) 2.12 (2.07–2.18) 1.00 (reference)

Restricting to osteoarthritis 2.07 (1.56–2.75) 1.00 (reference) 1.96 (1.83–2.10) 1.00 (reference)

Excluding other sodium-containing
medications

2.49 (2.41–2.57) 1.00 (reference) 2.22 (2.15–2.30) 1.00 (reference)

HR, hazard ratio; RD, risk difference; IPW, inverse probability weighting; CI, confidence interval.
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cause-specific mortality. Fifth, physician-ordered prescriptions may
not reflect the actual medication use by patients. Sixth, using Read
codes to diagnose hypertension might miss some hypertension
cases. Finally, restricting participants with individuals who had
been prescribed acetaminophen may limit the generalizability of
our findings.

Clinical implications
Sodium-containing drugs are an important source of sodium intake
that could be easily overlooked. Acetaminophen is one of the most
widely used analgesics worldwide and can be purchased
over-the-counter.16,19 Although the US Food and Drug
Administration requires all over-the-counter medications to label
the sodium content, to our knowledge, the potentially detrimental
effect of sodium-containing acetaminophen on the risks of hyper-
tension, CVD, and mortality has not been issued a warning.
Given that the pain-relief of non-sodium-containing acetamino-
phen is similar to that of sodium-containing acetaminophen,17,59

our results suggest re-visiting the safety profile of effervescent
and soluble acetaminophen use. Large observational studies mim-
icking a randomized controlled trial,40 such as the present study,
can provide real-world empirical evidence for public health and
clinical care in the absence of clinical trials.

Conclusions
In this population-based cohort study, the initiation of sodium-
containing acetaminophen was associated with increased risks of
CVD and mortality among individuals with or without hyperten-
sion. Our findings suggest that individuals should avoid unnecessary
excessive sodium intake through sodium-containing acetamino-
phen use.
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