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Abstract
Objectives  The relationship between high dietary 
sodium intake and hypertension is well established. 
Some drugs are associated with high-sodium content, 
particularly effervescent tablets (ETs). Despite a possible 
cardiovascular risk associated with the use of such 
drugs, observational data describing exposure to ETs 
in ambulatory subjects are lacking.  This study aims 
to estimate the prevalence of exposure to ETs and to 
highlight factors associated with this exposure in a large 
French health check-up population.
Design  This was a cross-sectional study.
Setting and participants  Participants were French 
individuals who underwent medical check-ups at the 
Investigations Préventives et Cliniques centre between 
April and June 2017.
Results  In total, 1043 subjects were included in the study. 
The prevalence of exposure to ETs in the last 30 days was 
26.9% (95% CI 24.2% to 29.6%). Exposure was frequent 
(ie, two ETs per week or more in the last 30 days) for 
7.3% of subjects. Self-medication was the major source 
of exposure (93.8%). Paracetamol, aspirin, vitamins and 
betaine accounted for 95.3% of the ETs used. The factors 
associated with this exposure by multivariate analysis 
were: male gender, Overseas French origin, depression and 
body mass index ≥25 kg/m2. A diagnosis of hypertension 
or treatment with diuretics were not protective factors 
against exposure to ETs.
Conclusion  Exposure to ETs is frequent in the general 
population, particularly through self-medication. Clinical 
conditions associated with low-salt requirements were 
not associated with lower exposure to ETs, suggesting a 
lack of awareness by practitioners and patients about this 
iatrogenic issue.

Introduction 
Among the variety of risk factors associated 
with the development and/or worsening of 
hypertension, high salt intake has been exten-
sively investigated during the last 30 years.1 
Nevertheless, sodium science is still a matter 
of intense debate, especially concerning the 
pertinence of drastic low-salt diets for medical 
conditions such as chronic heart failure2 

and the ability of a low-salt diet to lower 
cardiovascular outcomes and mortality.3–5 
However, there is a strong consensus in the 
scientific community concerning the associ-
ation between a higher risk of hypertension 
and high dietary salt intake and the impact 
of a low-salt diet on lowering blood pres-
sure (BP).6–9 In this context, the WHO recom-
mends limiting daily salt consumption in the 
general population to 5 g per day, which is 
equivalent to 2 g of sodium.10 

High-salt food (particularly cheese, bread 
and processed food) is recognised as the 
main source of dietary sodium. However, 
other potentially important sources are often 
overlooked, such as pharmaceutical prepara-
tions. Indeed, sodium is widely used in drug 
preparations, both as an active ingredient (for 
physiological sodium replacement in hydric 
disorders) and as a cation of an excipient 
(eg, sodium bicarbonate or sodium citrate 
used as solubility enhancers or disintegrating 
agents). Several galenic formulations are 
associated with high-sodium content, such as 
effervescent tablets (ETs), intravenous anti-
biotics or alginates for gastro-oesophageal 
reflux (GER) symptoms. These high-sodium 

Strengths and limitations of this study

►► To our knowledge, this is the first population-based 
study that estimates the prevalence and associated 
factors for exposure to effervescent tablets (ETs).

►► The present study includes assessment of exposure 
to ETs through self-medication, an important infor-
mation that is not available in databases collecting 
reimbursement data.

►► Possible seasonal variations in exposure to ETs have 
not been assessed in the present study.

►► Due to the single-centre design and the very select-
ed group of subjects, we must be cautious in gener-
alising these results.
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containing drugs (HSCDs) could theoretically provoke 
or worsen cardiovascular conditions, especially hyperten-
sion, if taken on a regular basis and/or at a high dose.11 
ETs are generally not indicated for patients who require 
low-salt or normal  salt diets (patients with hypertension 
and those with congestive heart failure), as non-effer-
vescent alternatives are available.12 A population-based 
nested case–control study, published by George et al13 in 
2013, showed that patients diagnosed with hypertension 
or cardiovascular events (non-fatal myocardial infarction, 
non-fatal stroke or those who died from a vascular cause) 
were more likely to be prescribed HSCDs. Benitez-Camps 
et al published in 2018 the results of a randomised, cross-
over clinical trial, evaluating the effects on BP of exposure 
to 3 g effervescent paracetamol during a 3-week period in 
hypertensive subjects. Authors showed that utilisation of 
effervescent paracetamol in such subjects was associated 
with a significant increase in 24-hour systolic BP  (SBP) 
measurement (+3.99 mm  Hg in the intention-to-treat 
analysis, and +5.04 mm Hg in the per protocol analysis), 
compared with a 3-week exposure to non-effervescent 
paracetamol.14

The European Medicines Agency (EMA) published in 
2017 a revision of its guideline ‘Excipients in the label 
and package leaflet of medicinal products for human 
use’, including sodium.15 This revision aimed to offer 
readily available information to healthcare professionals 
and patients about the sodium content of drugs, via drug 
leaflets or packages. Despite this first piece of evidence, 
little is yet known about the extent of exposure to such 
HSCDs in the general population, the clinical character-
istics of patients who consume HSCDs or the factors asso-
ciated with exposure to these drugs.

The principal aim of the present study was to eval-
uate the prevalence of exposure to ETs in a large health 
check-up population and to explore possible factors asso-
ciated with such exposure.

Methods
Study population
The study population was retrieved from a French cohort 
of volunteers who underwent medical, paramedical and 
biological examinations between April and June 2017 at 
the Centre d’Investigations Préventives et Cliniques (IPC) 
of Paris. This medical centre is subsidised by the French 
National Healthcare System and proposes all insured and 
retired individuals (and their families), living in Paris 
and its suburbs, a free medical examination every 5 years. 
Impoverished individuals are eligible for a free medical 
examination every year. The centre conducts approxi-
mately 25 000 medical check-ups every year. At the time of 
administrative registration, subjects were asked whether 
they were interested in participating in a short educa-
tional session on salt consumption. All subjects aged at 
least 18 years who could understand French and agreed 
to participate in the study were eligible. After under-
going standardised health examinations and receiving 

medical counselling, patients were referred to an indi-
vidual educational session on salt consumption given by a 
trained pharmacist. For subjects who declined to partici-
pate in the study, the information collected was their age, 
gender and the reason for not participating.

Assessment of outcome (exposure to ETs)
Before the educational session on salt consumption with 
the pharmacist, the subject completed a specific self-ques-
tionnaire. This questionnaire assessed the consumption 
of ETs, through medical prescription and self-medica-
tion. For this study, we identified a drug as ‘any substance 
or combination of substances presented for treating or 
preventing disease in human beings or animals’ (according 
to the definition given by the European Council Direc-
tive 65/65/EEC16). All prescribed drugs were consid-
ered, regardless of the healthcare professional (medical 
doctor, dentist and so on). Self-medication was defined 
as the use of any drug without a medical prescription 
(this included drugs bought in a community pharmacy 
or directly taken from the medical cabinet). Once iden-
tified, drugs were classified according to the Anatomical 
Therapeutic Chemical (ATC) Classification System.17 The 
frequency of exposure was classified into: ‘once a month’, 
‘once a week’, ‘two or three times per week’, ‘four to six 
times per week’ and ‘once a day or more’. Subjects were 
defined as unexposed if they did not use any ETs during 
the last 30 days preceding the medical check-up, occa-
sionally exposed if they reported the use of ETs no more 
than once a week and frequently exposed if they reported 
the use of ETs at least twice a week. The sodium content 
was sought for each effervescent drug identified in the 
summary of the product characteristics or by contacting 
the manufacturer when information was missing. The 
number of tablets consumed during the last 30 days was 
calculated, allowing the estimation of the daily smoothed 
drug-associated sodium intake during the last 30 days. 
To assess the significance of the potential clinical impact 
of the drug-associated sodium intake estimated this way, 
we focused on the threshold of 20% of the WHO recom-
mendation, as proposed by the EMA.18 Possible factors 
associated with the preference for ETs were investigated 
using 10-point Likert scales (from ‘not important at all to 
me’ for a score of 1 to ‘the most important to me’ for a 
score of 10): ‘Are you attracted by the taste of ETs?’, ‘are 
you attracted by ETs because of their faster action?’, ‘are 
you attracted by ETs because they are easier to swallow 
than classical pills or tablets?’ and ‘are you attracted by 
ETs because they are more pleasant to take than other 
drug formulations?’.

Sample size determination
We estimated that 10% of subjects could be exposed to 
ETs during a 30-day period, based on the assumption that 
20% of subjects self-medicate via the community phar-
macy during a 60-day period,19 and the hypothesis that 
(1) this proportion may be 40% for medications taken 
directly by patients from their own medicine cabinet, 
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resulting in 20% global self-medication during a 30-day 
period and (2) half of subjects who self-medicate use ETs. 
The minimum number of subjects required for a 95% CI, 
with a width of 0.04 (95% CI (8% to 12%)%)), was 864.

Assessment of covariates
In addition to the specific questionnaire, each subject 
routinely received a complete medical examination, 
including the recording of anthropometric, biological 
and environmental parameters. They were also asked 
to complete a self-administered standardised question-
naire to assess their medical history, environmental 
exposure, behaviours/lifestyle and psychological status. 
The following covariates were extracted for analysis: age, 
gender, body mass index (BMI), SBP and diastolic blood 
pressure, socioeconomic status, place of birth, comorbid-
ities, depression score, stress score and a score predicting 
the 10-year risk of cardiovascular death. Standard biolog-
ical parameters (including blood glucose, lipid profile 
and renal function) were measured under fasting condi-
tions. Renal function was evaluated with the estimated 
glomerular filtration rate (EGFR) calculated using the 
Cockroft-Gault formula. Behavioural covariates extracted 
were: smoking status (former smoker, current smoker 
or non-smoker) and number of pack-years, daily alcohol 
consumption, regular soda consumption, regular physical 
activity (at least 1 hour of walking per day) and self-medi-
cation during the last 30 days. Comedications considered 
were: antihypertensive drugs, diuretics, corticosteroids 
and aspirin. Comedications were classified according to 
the ATC classification.17 Polymedication was defined as 
the use of five or more medications per day.20

Socioeconomic status was evaluated using the Evalua-
tion de la Précarité et des Inégalités de santé dans les 
Centre d'Examen de Santé (EPICES) score. This score is 
a multidimensional estimation of socioeconomic depriva-
tion (social and material deprivation) and ranges from 
0 to 100 (a score ≥30 being associated with social depri-
vation).21 The level of depression was assessed using the 
Beck Depression Inventory, which consists of a 0–13-point 
scale (with the subject considered to be depressed for a 
score ≥6).22 Similarly, the level of stress was scored on a 
0–16  point scale, according to the four-item Perceived 
Stress Scale (a higher score being associated with a higher 
level of stress).23 The estimation of the 10-year risk of fatal 
cardiovascular disease was assessed using the Systemic 
Coronary Risk Estimation (SCORE) chart, calculated 
using: age, sex, SBP, smoking status, cholesterol level, a 
history of diabetes, treatment for hypertension and place 
of birth. A score >5% indicates a high 10-year risk of cardio-
vascular death.24 Dietary salt consumption was evaluated 
using the Exsel score (a tool designed to screen excessive 
salt consumption among hypertensive patients). It evalu-
ates bread, cheese, processed meats, processed food and 
processed broth or pilaf consumption and ranges from 
0 to 11 (a score ≥5 being associated with excess dietary 
salt intake in patients with hypertension).25 For BP assess-
ment, three consecutive measurements were taken by a 

trained nurse with an electronic device (OMRON705 IT, 
OMRON Healthcare company, Japan) with the subject in 
a supine position and 10 min of rest between measure-
ments. The mean of the second and third measurements 
was used for the analysis.

Hypothesis
We considered the following variables of interest as factors 
potentially associated with exposure to ETs:
1.	 Medical conditions associated with low-salt require-

ment should be associated with a lower exposure to ET 
(variables: hypertension, BP measurements, treatment 
with antihypertensive drugs, diuretics or corticoste-
roids, estimation of kidney function and estimation of 
the 10-year risk of cardiovascular event).26–28

2.	 Traits associated with a higher salt-sensitivity of blood 
pressure (ie, subjects who increase their BP with in-
creasing of the salt intake) should be associated with a 
lower exposure to ETs (variables: age, female gender, 
BMI, place of birth and given the higher probability 
of being salt-sensitive among black and Asian individ-
uals29).

3.	 Social deprivation (interpreted as a proxy for socioeco-
nomic status), should be associated with a lower expo-
sure to ET,19 given the large number of ETs available 
over the counter (and then which are not reimbursed 
by social security system) in France (variables: EPICES 
score and proportion of deprived individuals).

4.	 Some specific medical conditions could be associated 
with a preference for effervescent formulation, that is, 
swallowing difficulties, GER symptoms (given the buff-
ering proprieties of effervescent formulations)  and 
chronic pains.

5.	 We hypothesised the existence of a craving for salty 
taste (common with the craving for salty food) and/
or a craving for bubbling drinks, associated with pref-
erence for ETs (variables: Exsel score  and soda con-
sumption).

6.	 Finally, since effervescent formulations are frequently 
associated with subjective aspects by patients (ET are 
sometimes described as pleasant or relaxing), we de-
cided to study variables associated with psychological 
status (variables: stress level, alcohol and tobacco con-
sumption, perceived health quality and depression).

Ethics
Following the authorisation of the Commission Natio-
nale Informatique et Libertés, the IPC centre performed 
analyses of data anonymously collected during voluntary 
health check-ups (each participant is assigned an internal 
anonymisation number that is used to chain data). All 
volunteers read and signed the informed consent for the 
anonymous use of all their recorded variables.

Statistical analysis
The prevalence of exposure to ETs was calculated as the 
ratio of the number of patients taking at least one ET in 
the last 30 days to the total number of subjects included 
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in the study. Data are expressed as the mean±SD for quan-
titative variables and as numbers and associated percent-
ages for qualitative variables. Group comparisons were 
performed using the non-parametric Mann-Whitney and 
Wilcoxon tests for quantitative variables and the χ2 test 
for qualitative variables (the Yates correction was used for 
a theoretical number of observations between three and 
five, and the Fisher’s exact test for numbers under three). 
We applied Bonferroni’s correction to p values to account 
for multiple comparisons.

Multivariate logistic regression analysis was performed 
to identify factors associated with exposure to ETs. 
We performed an imputation for explanatory vari-
ables, with no more than 15% missing data, using the 
Multivariate Imputation by Chained Equations proce-
dure (10 multiple imputations).30 Explanatory vari-
ables significantly associated with outcome (or with a 
p value <0.2 or highly described to be associated with 
the outcome in the literature) were included in the 
initial model. Collinearity issues between explanatory 
variables and outcome were identified with a variance 
inflation factor >10.31 32 A focused principal component 
analysis was used to identify clusters of explanatory vari-
ables with a high level of correlation. In such clusters, 
variables were rejected to respect the parsimony prin-
ciple. Interaction terms were identified by integrating 
all possible interactions in the full model (all signifi-
cant interactions were taken into account in the final 
model). We used a backward/forward Akaike stepwise 
procedure to select the final model. Global goodness 
of fit of our logistic regression models was evaluated 
with the Hosmer-Lemeshow test (a p value >0.05 indi-
cating an acceptable goodness of fit). All analyses were 
performed with R software (V.3.4.3).

Sensitivity analysis
We performed a sensitivity analysis to test the robustness 
of our results, in which exposed subjects in the logistic 
regression model were defined as those exposed to at 
least 1000 mg drug-associated sodium intake in the last 30 
days (irrespective of the frequency of exposure). Indeed, 
a non-negligible proportion of subjects who were exposed 
to this low level of drug-associated sodium intake (approx-
imately two ETs) could have been exposed at random (eg, 
ETs provided by a colleague or family member during 
an acute episode), without their seeking an effervescent 
formulation. These situations would weaken our statistical 
model to identify factors associated with exposure to ETs.

Patient and public involvement
Patients were not involved neither in the study design, nor 
in the conduct of the study. However, in order to dissem-
inate the key messages of this research to study partici-
pants, they were informed, only after they completed 
the questionnaire, about the potential cardiovascular 
risk associated with exposure to ETs, during an educa-
tional session on salt consumption with the pharmacist. 

Participants were not allowed to modify their responses 
following this educational session.

Results
Among the 1315 patients screened for participation, 1043 
met our inclusion criteria and accepted to participate in 
the study. The main causes of non-participation were a 
limited understanding of French (n=66), insufficient 
time to participate (n=91) and not being concerned by 
issues associated with salt consumption (n=71). Non-par-
ticipants did not significantly differ by mean age or sex 
relative to subjects who agreed to participate (figure 1).

Among the 1043 subjects, 281 declared the use of at least 
one ET in the last 30 days, leading to a prevalence of use 
of 26.9% (95% CI 24.2% to 29.6%). In detail, 205 (19.7% 
(95% CI 17.2% to 22.1%)) were occasionally exposed (ie, 
no more than one tablet per week) and 76 (7.3% (95% CI 
5.7% to 8.9%)) were frequently exposed (ie, two or more 
tablets per week). These 281 subjects consumed 320 effer-
vescent specialities, with an average of 1.14±0.4 tablets 
per subject (ranging from 0 to 3). Most of the subjects 
were exposed through self-medication (93.2%), whereas 
5.0% were exposed through medical prescribing. The 
remaining 1.8% corresponds to subjects exposed to ETs 
through both self-medication and medical prescribing. 
Participants who used ET through self-medication had 
an estimated drug-associated sodium intake of 2.2±2.7 g 
in the last 30 days. Those participants who used ET in 
the context of a medical prescribing had an estimated 
drug associated sodium intake of 11.3±14.5 g (p<2×10−16). 
Effervescent drugs used in this study were mostly of 
the alimentary tract and metabolism  (A) and nervous 
system (N) ATC classes (figure 2). For class N (n=197), 
the most relevant ATC codes were N02BE01 (paracetamol 
alone; 132/197) and N02BA01 (aspirin alone, 44/197). 
For class A (n=121), the most representative ATC codes 
were A16AA06 (betaine; 47/121), A11AA03 (multivita-
mins with minerals, 31/121) and A11GA01 (ascorbic acid 
alone; 26/121). Frequently exposed subjects were mostly 
exposed to class A drugs, particularly vitamins (ascorbic 
acid alone or multivitamins with or without minerals). 
These subjects were also frequently exposed to class N 
drugs, mainly paracetamol. In contrast, occasionally 
exposed subjects declared more frequent use of class N 
drugs, again, predominantly paracetamol and aspirin. 
Other drugs were those occasionally used for gastrointes-
tinal disorders, such as boldine or betaine.

The smoothed estimation of the daily drug-associated 
sodium intake during the last 30 days was plotted for each 
exposed subject in light of the WHO recommendations 
on dietary salt consumption (figure 3). Drug-associated 
sodium intake was relatively low (below 10% of the WHO 
recommendations) for most subjects. This corresponded 
mostly to occasionally exposed subjects. Nevertheless, a 
non-negligible proportion of subjects were exposed to 
higher quantities of sodium, above the WHO threshold 
of 20%, resulting in an increase of global sodium intake 
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(60% of these subjects were using paracetamol and 20% 
aspirin alone).

Patient characteristics are summarised in table  1. 
Frequently exposed subjects trended towards a higher 
BMI, were more frequently from Europe (excluding 
France) or Overseas France, had a higher level of stress, 
were more depressed and had lower perceived health 
quality than unexposed subjects. No biological parameter 
significantly differed between exposure groups, although 
there was a trend towards higher creatininaemia in 
the exposed group relative to the unexposed group 
(reflected by a significantly higher proportion of subjects 
with EGFR  <90 mL/min in the exposed than unex-
posed group, p=0.02). Smoking status, regular alcohol 
consumption, regular physical activity and regular soda 
consumption were not significantly associated with the 
consumption of ETs. There was no statistical difference 
between groups for the 10-year risk of cardiovascular 
death, with a mean SCORE  <5% for both groups. As 
expected, self-medication was strongly and significantly 
associated with exposure. Among comedications, aspirin 
and corticosteroid consumption were significantly associ-
ated with exposure (expected for aspirin, given the avail-
ability of a popular effervescent formulation). The use of 
antihypertensive drugs and the number of antihyperten-
sive drugs per patient did not significantly differ between 

exposure groups. The results for all covariables are given 
in online supplementary resource 1.

We then used the Exsel tool to assess the possibility of 
a craving for salt to explain the exposure (given the salty 
taste of ET). The frequency of cheese, bread, processed 
meats, processed food consumption and processed broth 
or pilaf use and global Exsel score did not significantly 
differ between groups (table 2).

Being male and originating from Overseas France 
were two independent factors significantly associated 
with exposure to ETs by multivariate analysis (table 3). 
There was a significant interaction between poor 
perceived health quality and higher probability of expo-
sure to ETs for subjects who self-medicated. This model 
included 12 variables for 281 observations (Akaike 
Information Criterion AIC: 919.7). The p-value for the 
Hosmer-Lemeshow test was 0.24, indicating an accept-
able goodness-of-fit.

In the sensitivity analysis, we found that originating 
from Overseas France, depression, a BMI  >25 kg/m2 
and interaction between poor perceived health quality 
and self-medication were independent predictive factors 
associated with exposure to ETs, with the results concor-
dant with those from the main analysis (table  2). The 
final model for the sensitivity analysis included 12 vari-
ables for 140 observations (AIC: 690.5). The p-value for 

Figure 1  Flow chart of the study.
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the Hosmer-Lemeshow test was 0.87, again indicating an 
acceptable goodness of fit.

We finally explored the possible reasons for the prefer-
ence of patients who declared the use of ETs in the last 
30 days for this formulation (figure 4). The main reasons 
associated with preference for ETs were an impression of 
faster therapeutic action (mean score: 4.7/10, with no 
difference between exposure groups) and greater ease 
in swallowing ETs relative to solid formulations (mean 

score: 4.6/10, with a trend towards a higher score in 
the frequently exposed group, p=0.063). Subjects who 
declared frequent use of ETs had a significantly higher 
preference for their taste (p=0.0005) and a significantly 
higher preference for the pleasurable or amusing aspect 
of ETs (p=0.02).

Discussion
This cross-sectional study shows that exposure to ETs in a 
large health check-up population is frequent, with 7.3% 
of subjects declaring the consumption of at least two or 
three ETs per week in the last 30 days. Self-medication 
was the main source of exposure in this population, in 
which subjects exhibited a low level of comorbidity and 
cardiovascular risk, with vitamin therapy as the prin-
ciple class involved (ahead of analgesics). This study was 
performed from April to June. It is possible that expo-
sure to ETs could be subject to seasonal variations, with a 
large increase during the colder period of the year. This 
hypothesis, which can be tested by analysing national 
drug reimbursement data, has important implications, 
since dietary sodium intake is known to increase during 
the colder seasons.33 Finally, the prevalence of comorbid-
ities, usually associated with the choice of effervescent 
formulations (ie, neurodegenerative disorders, stroke 
recovery  and dysphagia in elderly subjects) was very 
low, leading to a possible underestimation of the true 

Figure 2  Nature of ET involved in exposure by (A) ATC class and (B) by active ingredient. ATC, Anatomical Therapeutic 
Chemical; ET, effervescent tablet.

Figure 3  Smoothed estimation of the daily drug-associated 
sodium intake per day in the last 30 days, expressed as a 
percentage of the WHO threshold of 2 g sodium per day (one 
dot=one exposed subjects; n=281).
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prevalence in a more general outpatient setting popula-
tion (such subjects with high comorbidity level are classi-
cally not referred to preventive centres).

In bivariate analysis, we found that exposed subjects 
were more likely to come from Overseas France, have 
a higher level of stress (recognised as a possible cardio-
vascular risk factor34), be more depressed and to have a 
lower perceived health quality. We also observed a trend 
towards a higher prevalence of GER symptoms in exposed 
subjects, with a dose–response relationship. This may be 
explained by the large quantity of bicarbonate generally 
found in effervescent formulations, which can buffer 

stomach acidity and help to reduce symptoms. Frequently 
exposed subjects had a tendency to have a higher BMI, 
which is a typical preventable cardiovascular risk factor. 
In multivariate analysis, male gender, origin of the subject 
and a high depression score were the only independent 
predictive factors for exposure to ETs. Participants with 
Overseas France origin are very likely to be black subjects 
(in our study sample, most participants of them were 
from West Indies, Martinique and Guadeloupe). This 
point is of interest, since black subjects are a population 
characterised by a high prevalence of salt-sensitive blood 
pressure.29

Table 3  Results for multivariate analysis

Variable
Model 1*
(main analysis)

Model 2†
(sensitivity analysis)

Gender: male AOR: 1.64 (95% CI 1.18 to 2.30) AOR: 1.42 (95% CI 0.96 to 2.14)

Origin: France Reference Reference

Origin: Overseas France AOR: 5.45 (95% CI 2.21 to 14.17) AOR: 5.79 (95% CI 2.39 to 13.84)

Depression Not in the final model AOR: 2.23 (95% CI 1.31 to 3.76)

BMI >25 kg/m2 Not in the final model AOR: 1.05 (95% CI 1.01 to 1.10)

Interaction between poor perceived 
health quality and self-medication

AOR: 1.54 (95% CI 1.10 to 2.11) AOR: 1.59 (95% CI 1.12 to 2.27)

Significant p values are in italicised characters. 
*Adjusted for: origin, stress level, gender and perceived health quality and self-medication.
†Adjusted for: origin, gender, depression, perceived health quality, depression, BMI and self-medication.
AOR, adjusted OR; BMI, body mass index; GOF, goodness of fit.

Figure 4  Reasons associated with the preference for ETs in exposed subjects. (A) taste, (B) feeling of faster therapeutic 
action, (C) easier to swallow and (D) pleasurable aspect. Y-axis gives the Likert score (ranging from 1 to 10). Red dots represent 
outliers. *P<0.05, ***p<0.001. ns, non-significant. 
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Of note, a diagnosis of hypertension was not a protec-
tive factor against ET exposure, despite existing national 
guidelines recommending that patients with hyperten-
sion do  not use effervescent medications.26–28 Similarly, 
treatment with diuretics did not appear to be a protective 
factor, although excess sodium intake has been associated 
with a loss of efficacy of cardiovascular drugs, including 
diuretics.35 This suggests that this possible iatrogenic issue 
is not taken into account by patients, possibly due to a lack 
of information provided by practitioners or pharmacists 
at the time of prescribing and/or dispensing. However, 
it is difficult to draw any conclusion concerning this issue 
given the broad range of ETs used for self-medication in 
the present study (including medications taken from the 
medicine cabinet without any medical or pharmaceutical 
supervision). In our study, social deprivation was not a 
protective factor against exposure to ETs, as exposure 
was mostly by self-medication. This can also be explained 
by the definition of self-medication used: impoverished 
individuals can benefit from reimbursement of their 
prescribed medications, making ETs widely available via 
their medicine cabinet throughout the year.

Drug-associated sodium intake was relatively low (ie, 
less than 10% of the WHO’s recommendations for dietary 
sodium intake) for most subjects. However, a non-negli-
gible proportion of subjects were exposed to more than 
20% of this threshold, leading to a significant increase 
in global sodium intake. In addition, although most 
subjects were exposed to low quantities of sodium asso-
ciated with ET use, the existence a large pool of patients 
who regularly consume ETs is of importance because the 
consumption of ETs can substantially increase during an 
acute medical episode (eg, osteoarticular pain, sciatica 
or infections associated with the cold season) and 
because such subjects could be more likely to use ET in 
a daily basis while developing chronic conditions. Such 
a sudden increase of sodium intake may be associated 
with the decompensation of cardiovascular conditions, 
such as congestive heart failure, for which perturbations 
in sodium levels could constitute a pathophysiological 
trigger.36 The observed association between high level of 
exposure and high level of SBP (after adjustment for age 
and sex, see table 1) should be interpreted cautiously (1) 
because of the cross-sectional design of the study and (2) 
because a possible indication bias could not be excluded 
(patients taking medications are more likely to suffer 
from illness associated with increased blood pressure).

Finally, the main reasons explaining the preference for 
ETs (although non-effervescent alternatives are available) 
were an impression of a faster therapeutic effect and ease 
in swallowing the medicine relative to solid formulations. 
Frequently exposed subjects significantly differed from 
occasionally exposed subject by their preference for the 
taste and the pleasurable aspect of effervescent formula-
tions. This suggests that there are two relatively distinct 
populations of ET users: frequent users and occasional 
users, who have distinct profiles (this is supported by 
the differences observed between the two multivariate 

models). Altogether, these results provide a window of 
opportunity for improving medical and pharmaceutical 
counselling, as alternative formulations with low sodium 
content (such as orodispersible, oral suspension or oral 
granule formulations) can be proposed for their practical 
aspects, for example, to patients with dysphagia for whom 
they are well-suited.

The Exsel tool25 was integrated in our questionnaire to 
assess a possible craving for salt associated with the pref-
erence for ETs (given their salty taste). Our results did 
not support the existence of such behaviour, since there 
were no differences in consumption of food with high 
levels of hidden salt or added salt (processed broth or 
pilaf) between the various exposure groups. We acknowl-
edge that this food frequency questionnaire constitutes a 
screening tool for salt consumption and stronger conclu-
sions should be derived from 24 hours urine sodium 
measurements.

The principal limitation of this study is its lack of gener-
alisability, since it was conducted in a health check-up 
population with an unbalanced proportion of men and 
impoverished individuals. Aside from these aspects, 
subjects who did not accept to participate in the study 
did not significantly differ by age or sex, and the main 
cause of refusal was the lack of time to participate (the 
full medical examination lasted more than 2 hours). In 
contrast, the strengths of this study included: (1) the 
use of multidimensional scores to estimate variables, 
particularly subjective aspects such as depression, social 
deprivation, level of stress and dietary salt consump-
tion and (2) the fact that all variables related to the 
primary objective (ie, evaluation of the exposure to ET) 
were collected by a single trained pharmacist during 
an educational session, resulting in no missing data for 
these variables.

In conclusion, exposure to ETs is frequent in a health 
check-up population, particularly through self-medi-
cation. Clinical conditions associated with a required 
low-salt intake (ie, hypertensive subjects  and patients 
treated with a diuretic) were not associated with lower 
exposure to ETs, despite the existence of a myriad of 
therapeutic alternatives (such as orodispersible drugs or 
liquid formulations). Thus, an effort should be made by 
health professionals to inform high-risk patients about 
this potential iatrogenic risk. Further studies are required 
to characterise this exposure in high-risk populations, 
such as elderly or hospitalised patients.

Author affiliations
1Department of Pharmacy, Georges-Pompidou European Hospital, Paris, France
2INSERM UMR 1138 Team 22: Information Sciences to Support Personalized 
Medicine, Cordelier Research Center, Paris, France
3Department of Clinical Pharmacy, EA4123, Paris-Sud University, Châtenay-Malabry, 
France
4Centre d’Investigations Préventives et Cliniques, Paris, France
5Department of Cardiology, Manhès Hospital, Fleury-Merogis, France
6Department of Cardiology, Georges Pompidou European Hospital, Paris, France
7Department of Biomedical Informatics and Public Health, Georges-Pompidou 
European Hospital, Paris, France

P
rotected by copyright.

 on D
ecem

ber 2, 2022 at A
ssistance P

ublique H
opitaux de P

aris.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022368 on 30 July 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


11Perrin G, et al. BMJ Open 2018;8:e022368. doi:10.1136/bmjopen-2018-022368

Open access

Acknowledgements  Authors would like to acknowledge Dr Sebastian Lequime for 
his support in generating figures. No sources of funding were used to conduct this 
study or prepare this manuscript. 

Contributors  All authors were involved in the conception and design of this study. 
GP and FT were responsible for collecting the data and for conducting analyses. 
GP, SB, FT, PD and BS were responsible for interpreting the results and drafting the 
manuscript. GP, SB, FT, ND, PD and BS critically revised the manuscript. All authors 
have read and approved the final manuscript. 

Funding  This research received no specific grant from any funding agency in the 
public, commercial or not-for-profit sectors.

Disclaimer  GP affirms that the manuscript is an honest, accurate and transparent 
account of the study being reported; no important aspects of the study have been 
omitted. Any discrepancies from the study as planned have been explained. 

Competing interests  None declared.

Patient consent  Not required.

Ethics approval  Following the authorisation of the Commission Nationale 
Informatique et Libertés (CNIL), the IPC center performed analyses of data 
anonymously collected during voluntary health check-ups. All volunteers read and 
signed the informed consent for the anonymous use of all their recorded variables. 

Data sharing statement  Extra data can be accessed via the Dryad data repository 
at http://​datadryad.​org/ with the doi: 10.5061/dryad.7h41b81

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

References
	 1.	 Trinquart L, Johns DM, Galea S. Why do we think we know what 

we know? A metaknowledge analysis of the salt controversy. Int J 
Epidemiol 2016;45:251–60.

	 2.	 Doukky R, Avery E, Mangla A, et al. Impact of Dietary Sodium 
Restriction on Heart Failure Outcomes. JACC Heart Fail 
2016;4:24–35.

	 3.	 Eckel RH, Jakicic JM, Ard JD, et al. 2013 AHA/ACC guideline on 
lifestyle management to reduce cardiovascular risk: a report of the 
American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines. J Am Coll Cardiol 2014;63:2960–84.

	 4.	 Mozaffarian D, Fahimi S, Singh GM, et al. Global sodium 
consumption and death from cardiovascular causes. N Engl J Med 
2014;371:624–34.

	 5.	 Adler AJ, Taylor F, Martin N, et al. Reduced dietary salt for the 
prevention of cardiovascular disease. Cochrane Database Syst Rev 
2014;12:CD009217.

	 6.	 He FJ, Li J, Macgregor GA. Effect of longer term modest salt 
reduction on blood pressure: Cochrane systematic review and meta-
analysis of randomised trials. BMJ 2013;346:f1325.

	 7.	 Graudal N, Jürgens G, Baslund B, et al. Compared with usual 
sodium intake, low- and excessive-sodium diets are associated 
with increased mortality: a meta-analysis. Am J Hypertens 
2014;27:1129–37.

	 8.	 Sacks FM, Svetkey LP, Vollmer WM, et al. Effects on blood pressure 
of reduced dietary sodium and the Dietary Approaches to Stop 
Hypertension (DASH) diet. DASH-Sodium Collaborative Research 
Group. N Engl J Med 2001;344:3–10.

	 9.	 WHO. Sodium intake for adults and children, 2012.
	10.	 WHO. Report on noncommunicable diseases, 2014.
	11.	 Perrin G, Korb-Savoldelli V, Karras A, et al. Cardiovascular risk 

associated with high sodium-containing drugs: A systematic review. 
PLoS One 2017;12:e0180634.

	12.	 McEntee J. What is the sodium content of medicines? UKMi, 2016.
	13.	 George J, Majeed W, Mackenzie IS, et al. Association between 

cardiovascular events and sodium-containing effervescent, 

dispersible, and soluble drugs: nested case-control study. BMJ 
2013;347:f6954.

	14.	 Benitez-Camps M, Morros Padrós R, Pera-Pujadas H, et al. Effect 
of effervescent paracetamol on blood pressure: a crossover 
randomized clinical trial. J Hypertens 2018;36:1656-1662.

	15.	 European Medicines Agency. Reference and guidelines - Excipients 
labelling. 2017 http://www.​ema.​europa.​eu/​ema/​index.​jsp?​curl=​
pages/​regulation/​general/​general_​content_​001683.​jsp&​mid=​
WC0b01ac05808c01f6 (accessed 20 Apr 2018).

	16.	 P. O. of the E. Union. Council Directive 65/65/EEC of 26 January 
1965 on the approximation of provisions laid down by Law, 
Regulation or Administrative Action relating to proprietary 
medicinal products, CELEX1. 1965. https://​publications.​europa.​
eu/​en/​publication-​detail/-/​publication/​a761f2b9-​d398-​4fc5-​a2fe-​
f1f7bebdb9b4/​language-​en (accessed 20 Apr 2018).

	17.	 WHO Collaborating Centre for Drug Statistics Methodology. 
Guidelines for ATC classification and DDD assignment 2013, 2012.

	18.	 European Medicines Agency. Questions and answers on sodium 
in the context of the revision of the guideline on ‘Excipients in the 
label and package leaflet of medicinal products for human use’ 
(CPMP/463/00 Rev.1), 2015.

	19.	 Raynaud D. Les déterminants du recours à l’automédication. Rev Fr 
Aff Soc 2008;1:81–94.

	20.	 Gnjidic D, Hilmer SN, Blyth FM, et al. Polypharmacy cutoff and 
outcomes: five or more medicines were used to identify community-
dwelling older men at risk of different adverse outcomes. J Clin 
Epidemiol 2012;65:989–95.

	21.	 Sass C. Le score Epices : un score individuel de précarité. 
Construction du score et mesure des relations avec des données de 
santé, dans une population de 197 389 personnes. Bull Epidemiol 
Hebd 2006.

	22.	 Beck AT, Ward CH, Mendelson M, et al. An inventory for measuring 
depression. Arch Gen Psychiatry 1961;4:561–71.

	23.	 Cohen S, Kamarck T, Mermelstein R. A global measure of perceived 
stress. J Health Soc Behav 1983;24:385–96.

	24.	 Conroy RM, Pyörälä K, Fitzgerald AP, et al. Estimation of ten-year risk 
of fatal cardiovascular disease in Europe: the SCORE project. Eur 
Heart J 2003;24:987–1003.

	25.	 Girerd X, Villeneuve F, Deleste F, et al. [Development and evaluation 
of ExSel Test to screen for excess salt intake in hypertensive 
subjects]. Ann Cardiol Angeiol 2015;64:124–7.

	26.	 Jourdain P, Juillière Y. Steering and Working Group Committee 
Members of the French Task Force on Therapeutic Education in 
Heart Failure. Therapeutic education in patients with chronic heart 
failure: proposal for a multiprofessional structured programme, by 
a French Task Force under the auspices of the French Society of 
Cardiology. Arch Cardiovasc Dis 2011;104:189–201.

	27.	 HAS. Guide parcours de soins - insuffisance cardiaque, 2014.
	28.	 Pathak A, Mounier-Vehier C, Bousquet P, et al. Hypertensions 

artérielles d’origine médicamenteuse ou toxique. SFHTA 2015.
	29.	 Elijovich F, Weinberger MH, Anderson CA, et al. Salt sensitivity 

of blood pressure: a scientific statement from the american heart 
association. Hypertension 2016;68:e7–e46.

	30.	 Buuren S, Groothuis-Oudshoorn K. mice: Multivariate Imputation by 
Chained Equations in R. J Stat Softw 2011;45.

	31.	 Naimi B, Hamm NAS, Groen TA, et al. Where is positional 
uncertainty a problem for species distribution modelling? Ecography 
2014;37:191–203.

	32.	 Chatterjee S, Hadi AS. Regression analysis by example. Fifth edition. 
New Jersey: HobokenWiley, 2012.

	33.	 Agence française de sécurité sanitaire des aliments. Étude 
Individuelle Nationale des Consommations Alimentaires, 2006.

	34.	 Linden W, Stossel C, Maurice J. Psychosocial interventions for 
patients with coronary artery disease: a meta-analysis. Arch Intern 
Med 1996;156:745–52.

	35.	 Wang J, Qiu B, Du JL, et al. The effects of a low-salt diet on the 
efficacy of different antihypertensive drug regimens. J Clin Pharmacol 
2015;55:1362–8.

	36.	 Arcand J, Ivanov J, Sasson A, et al. A high-sodium diet is associated 
with acute decompensated heart failure in ambulatory heart 
failure patients: a prospective follow-up study. Am J Clin Nutr 
2011;93:332–7.

P
rotected by copyright.

 on D
ecem

ber 2, 2022 at A
ssistance P

ublique H
opitaux de P

aris.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022368 on 30 July 2018. D

ow
nloaded from

 

http://datadryad.org/ with the doi: 10.5061/dryad.7h41b81
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1093/ije/dyv184
http://dx.doi.org/10.1093/ije/dyv184
http://dx.doi.org/10.1016/j.jchf.2015.08.007
http://dx.doi.org/10.1016/j.jacc.2013.11.003
http://dx.doi.org/10.1056/NEJMoa1304127
http://dx.doi.org/10.1002/14651858.CD009217.pub3
http://www.ncbi.nlm.nih.gov/pubmed/23558162
http://dx.doi.org/10.1093/ajh/hpu028
http://dx.doi.org/10.1056/NEJM200101043440101
http://dx.doi.org/10.1371/journal.pone.0180634
http://dx.doi.org/10.1136/bmj.f6954
http://dx.doi.org/10.1097/HJH.0000000000001733
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_001683.jsp&mid=WC0b01ac05808c01f6
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_001683.jsp&mid=WC0b01ac05808c01f6
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_001683.jsp&mid=WC0b01ac05808c01f6
https://publications.europa.eu/en/publication-detail/-/publication/a761f2b9-d398-4fc5-a2fe-f1f7bebdb9b4/language-en
https://publications.europa.eu/en/publication-detail/-/publication/a761f2b9-d398-4fc5-a2fe-f1f7bebdb9b4/language-en
https://publications.europa.eu/en/publication-detail/-/publication/a761f2b9-d398-4fc5-a2fe-f1f7bebdb9b4/language-en
http://dx.doi.org/10.1016/j.jclinepi.2012.02.018
http://dx.doi.org/10.1016/j.jclinepi.2012.02.018
http://dx.doi.org/10.1001/archpsyc.1961.01710120031004
http://dx.doi.org/10.2307/2136404
http://dx.doi.org/10.1016/S0195-668X(03)00114-3
http://dx.doi.org/10.1016/S0195-668X(03)00114-3
http://www.ncbi.nlm.nih.gov/pubmed/21634217
http://dx.doi.org/10.1016/S1166-4568
http://dx.doi.org/10.1161/HYP.0000000000000047
http://dx.doi.org/10.1111/j.1600-0587.2013.00205.x
http://dx.doi.org/10.1001/archinte.1996.00440070065008
http://dx.doi.org/10.1001/archinte.1996.00440070065008
http://dx.doi.org/10.1002/jcph.559
http://dx.doi.org/10.3945/ajcn.110.000174
http://bmjopen.bmj.com/

	Evaluation of exposure to effervescent drugs in a large health check-up population in France: a cross-sectional study
	Abstract
	Methods
	Study population
	Assessment of outcome (exposure to ETs)
	Sample size determination
	Assessment of covariates
	Hypothesis
	Ethics
	Statistical analysis
	Sensitivity analysis
	Patient and public involvement

	Results
	Discussion
	References


