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This editorial refers to ‘Sodium-containing acetaminophen and cardiovascular outcomes in individuals with and without
hypertension’, by C. Zeng et al., https://doi.org/10.1093/eurheartj/ehac059.

For many years, epidemiological and clinical trial evidence inferring
serious harmful effects of excess dietary sodium consumption on
human health has accumulated.1–4 In the 2017 report of the
Global Burden of Disease study, excess intake of sodium was

among the leading dietary risks and was estimated to cause 3 mil-
lion deaths [95% confidence interval (CI) 1–5 million] and 82 mil-
lion disability-adjusted life years (95% CI 34–118 million) around
the world every year.5
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Sodium balance in humans involves a complex interplay be-
tween kidney sodium transport, sodium storage in the skin, sys-
temic adaptation of the vascular system, and neurohormonal
signalling. Despite decades of research, the finer physiological de-
tails of sodium management still require further unravelling and
understanding.6 Nevertheless, the adverse consequences of ex-
cess sodium intake are now clear. Excessive sodium consumption
is causally related to elevated blood pressure and an increased
prevalence of hypertension.7 A recent Cochrane review showed
that a large dietary sodium reduction of 3160 mg per day (from
11.5 to 3.8 g of salt per day) reduced systolic blood pressure by
1.1 mmHg in non-hypertensive individuals and produced a more
pronounced 5.7 mmHg reduction in people with hypertension.1

Although the effect of dietary sodium on cardiovascular risk has
been debated, high quality prospective studies using gold standard
multiple 24-h urine samples to assess exposure to dietary sodium
have reported consistent positive dose–response relationships of
sodiumwith cardiovascular risk.4 In addition, a large, cluster rando-
mized trial showed that persons who received a potassium-
containing salt substitute with 25% less sodium chloride not only
had lower blood pressure but also had lower rates of stroke, ma-
jor cardiovascular events, and all-cause deaths.3

Based on this evidence, multiple national and international blood
pressure guidelines, as well as the World Health Organization, rec-
ommend that daily sodium intake should not exceed 2000 mg (�1
teaspoon of salt). In turn, many governnment and non-
governmental organizations, and cardiac and hypertension societies
advocate strongly for actions to reduce population sodium intake.
Numerous governments have implemented interventions targeting
public education, front-of-pack labelling on foods, promotion of salt
substitutes, improved food procurement policies, and industry re-
formulation of packaged and restaurant foods.8

The study by Zeng and colleagues9 in this issue of the European
Heart Journal adds further to the case for dietary sodium reduction.
Using an electronic medical record database with records of �17
million patients cared for by general practitioners in the UK, the
authors carried out a highly innovative investigation of the effects
of supplementing dietary sodium. The analyses compared the risks
of incident cardiovascular disease and all-cause deaths among per-
sons who initiated sodium-containing paracetamol (also called
acetaminophen) with the corresponding risks among initiators of
the same paracetamol formulations without sodium. The study
included individuals with (n= 151 398) and without hypertension
(n= 147 299), which is important because there are known great-
er effects of sodium on blood pressure in persons with hyperten-
sion compared with those without. The findings were highly
consistent across the two cohorts, with use of sodium-containing
paracetamol associated with increased proportional risks of car-
diovascular disease and all-cause deaths irrespective of hyperten-
sion status. The hazard ratio (HR) was 1.59 (95% CI 1.32–1.92) in
those with hypertension and 1.45 (95% CI 1.18–1.79) in those
without hypertension. There were also consistently increased risks
across different cardiovascular outcomes including myocardial in-
farction, stroke, and heart failure, that were also obsered in both
those with and those without hypertension.
The results are compelling. The effects were consistent across

several different methodological approaches and in a series of

sensitivity analyses. Effervescent and soluble forms of paracetamol
is not the only example of a medication that can be delivered with
very different levels of sodium content and, while there were smal-
ler numbers of persons starting sodium-containing ibuprofen or
sodium-containing ranitidine, the high-sodium versions were also
associated with higher risks of both cardiovascular disease and
mortality.

The quantity of sodium in the formulations studied by Zeng
et al.9 is an important strength of the anlayses, with effervescent
and soluble formulations of paracetamol containing 390–440 mg
of sodium per tablet. This equates to .3000 mg of additional
sodium per day for a full dose paracetamol regimen, which is far
above the daily recommended maximum sodium intake for an
adult.13 Large increments would also be anticipated for other
types of effervescent medications, with a single 5 g sachet of
effervescent antacids containing�850 mg of sodium, fizzy vitamins
�280 mg of sodium per tablet, and urinary alkalinizers some
644 mg of sodium per dose.12 The large doses of sodium studied
in these analyses provided for a robust test of the effects on blood
pressure and cardiovascular outcomes. There was also a dose–
response relationship, with a greater number of sodium-containing
paracetamol prescriptions associated with progressively greater
risks of cardiovascular disease (P = 0.034) and mortality
(P, 0.001) for both individuals with hypertension and those
without. The clear association of sodium-containing paracetamol
with incident hypertension (HR 1.37, 95% CI 1.22–1.54), which
lies on the causal pathway between sodium consumption and
disease risk, is another piece of evidence that supports the likely
validity of the main findings.

At the same time, these findings should be interpreted in light of
their potential limitations. This was not a randomized trial, but an
observational study, and confounding cannot be excluded.
Baseline imbalances between the intervention and control groups
were relatively small, probably because both arms of the study in-
cluded the same active compound. However, there were probably
specific reasons why individuals received effervescent compared
with standard formulation paracetamol, and these reasons may
have been assoociated with the risk of the clinical outcomes stud-
ied. The authors report extensive efforts to control for potential
confounding, and there were significant, and broadly constant, ad-
verse effects associated with the sodium-containing forms of para-
cetamol across all analyses reported. The multiple approaches
used for imputation of missing values—for missing data about
paracetamol use, or to account for potential confounders—have
different strengths and weaknesses, but none raised substantive
concerns about the likely validity of the main conclusions.

The study had a short follow-up period of only 1 year. The ef-
fects of sodium on blood pressure, and of blood pressure on car-
diovascular risk are, however, known to be rapid and to accrue
fully within weeks or a few months. As such, it seems unlikely
that the abbreviated follow-up period will have resulted in system-
atic over- or underestimation of the association between sodium-
containing medications and risk.

The direct message from this study is clear—there are likely to
be millions of people worldwide taking paracetamol on a daily ba-
sis in a ‘fast-acting’ effervescent or soluble formulation who are in-
creasing their risks of cardiovascular disease and premature death.
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In the UK alone, in 2014 there were some 42 million paracetamol-
containing medicines prescribed, with a further 200 million packs
sold over the counter.10 This equates to �6300 tons of paraceta-
mol sold each year in the UK with the figure for France close to
10 000 tons. Fortunately, only a small proportion of paracetamol
formulations contain sodium but, with ‘fast-acting’ and ‘fizzy’ med-
ications increasing in popularity, the adverse effects of medication-
related sodium intake look set to rise rather than fall. There are
also many more effervescent, dispersible, and soluble medications
and vitamin pills that contain large quantities of hidden sodium. A
study done in 2018 in France found that 27% of a general popula-
tion sample who underwent medical check-ups had consumed ‘fiz-
zy’ tablets in the past 30 days.11 Nine in 10 of these were instances
of self-medication, with paracetamol, aspirin, vitamins, and betaine
accounting for 95% of tablets used.11

There is also an important indirect conclusion from this study
regarding the evidence for sodium-related harms. Large-scale sup-
plementation of dietary sodium in a randomized trial studying car-
diovascualr outcomes has never been done and would almost
certainly be viewed as unethical. This type of analysis is as close
as researchers are ever likely to come to doing that trial, and, while
the current report is observational in nature, it provides strong
evidence of harmful effects of adding large quantities of sodium
to the diet. The present findings are highly aligned with previous
similar papers, most notably a report done in 2013 by George
and colleagues.14 In an anlaysis of 1.3 million patients over a period
of 7.2 years that included 61 000 patients with an incident cardio-
vascular event and matched controls, they reported odds ratios
for cardiovascular events consistent with those reported here.
There was also in the report an odds ratio of 7.18 (95% CI
6.74–7.65) for hypertension in individuals exposed to sodium-
containing drugs.14

Zeng and colleagues conclude that it would be best if ‘individuals
avoid unnecessary excessive sodium intake through sodium-
containing acetaminophen use’.9 George and colleagues concluded
almost a decade earlier that ‘sodium-containing formulations
should be prescribed with caution only if the perceived benefits
outweigh these risks’.14 The weight of the evidence makes ongoing
inaction on sodium-containing medications untenable. The wide-
spread use of effervescent medication in the general population,11

and the enormous doses of sodium that can be consumed inad-
vertently by unsuspecting consumers requires urgent action.
Particularly concerning is the observation in some surveys that
up to 94% of uses of fizzy medications are self-medication using
over-the-counter preparations.10 There is an immediate need

for protection of consumers against these risks. The most plausible
and effective strategy is likely to be the mandatory labelling of all
medications containing significant quantities of sodium with a
front-of-pack warning label (Graphical Abstract). Information pro-
grammes that raise public and practitioner awareness of the hid-
den sodium in medications, and educate about the need to avoid
effervescent, dispersible, and soluble medicines in all but essential
circumstance should also be considered.
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