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Abstract: To describe trends of dentist-prescribed non-steroidal anti-inflammatory drugs (NSAIDs)
and analgesics, from January 2011 to December 2021, as well as to examine the relationship be-
tween these trends and characteristics of public oral health services in Minas Gerais, Brazil. In this
time-series analysis, all drugs were classified according to the Anatomical Therapeutic Chemical clas-
sification system. Drugs categorized as NSAIDs (M01A), and other analgesics and antipyretics (N02B)
were included for analysis. The outcome was the number of Defined Daily Doses (DDDs)/1000
inhabitants/year for NSAIDs and analgesics in each town. Covariates referred to characteristics
of public oral health services, such as coverage, estimates of dental procedures, and frequency of
toothache. Linear time-series regression models were used to determine the influence of covariates on
the outcome. Overall, there were 58,482 prescriptions of NSAIDs recorded in thirty-eight towns, while
47,499 prescriptions of analgesics in forty-three towns. For each year, there was a 0.38 (p < 0.001), and
0.28 (p < 0.001) increase in the average log of DDD/1000 inhabitants/year for NSAIDs and analgesics,
respectively. A positive association was detected between toothache (p < 0.001) and the prescription
of NSAIDs. Over the eleven years, there was a general rising trend in the prescriptions. Toothache
was the only characteristic of public oral health services associated with the prescription rates of
NSAIDs, implying that as the frequency of toothaches increase, so do the prescriptions of NSAIDs in
the studied towns.

Keywords: analgesics; anti-inflammatory agents; non-steroidal; prescriptions; dentistry

1. Introduction

Dental practitioners play a vital role in the effective management of oral pain. When
patients present with acute dental pain caused by issues such as dental caries, trauma,
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or dental procedures, practitioners should conduct a comprehensive examination. After
determining the underlying causes and establishing a diagnosis, a tailored treatment
plan aimed at alleviating the patient’s pain should be formulated. In certain situations,
pharmacotherapy might be involved [1].

The medications frequently prescribed for acute oral and dental pain include non-
steroidal anti-inflammatory drugs (NSAIDs), analgesics, and opioids. NSAIDs, such as
ibuprofen or nimesulide, are often the first choice for managing oral pain due to their anti-
inflammatory and analgesic properties [2,3]. Studies have shown that, compared to opioids,
NSAIDs demonstrated great pain relief after dental extraction and postoperative endodon-
tic pain [4–6]. In cases of severe pain, or where NSAIDs are contraindicated, paracetamol or
metamizole, associated with codeine, might be an alternative therapeutic option [3]. Some
studies indicated an increasing trend that dental practitioners are prescribing these drugs
more frequently [7–11].

Park et al. assessed the longitudinal pattern of the top twenty most prescribed drugs by
Australian dental practitioners from 2006 to 2018 [10]. Over a decade, a significant annual
increase in the prescription count was reported for paracetamol + codeine, ibuprofen,
and naproxen [10]. In Croatia, prescriptions of NSAIDs increased by approximately 46%
between 2014 to 2018 [9]. The utilization of ibuprofen, as the preferred NSAID among
German dentists, witnessed a notable surge, with the prescription rate rising from 61.9%
in 2012 to 88.1% in 2016 [12]. Ibuprofen was also the most prescribed NSAID in Nigeria,
Colombia, and Brazil [11,13,14]. The upward trend in the use of drugs in dentistry reflects
improved healthcare accessibility for diverse populations, thereby indicating progress in
public health. Nonetheless, inequalities related to access to pain medication have been
reported [14–16].

Previous literature has demonstrated a positive association between the density of
dentists, the percentage of the population accessing dental care within the past year, and
household income with higher regional consumption rates of pain medication [15,16]. In a
cross-sectional survey conducted in the southeastern region of Brazil, it was observed that
prescriptions of NSAIDs and analgesics were noticeably lower in cities with limited access
to dental healthcare services and few oral health teams [14]. However, these associations
have not been evaluated over the long run.

Drug utilization research offers valuable insights regarding medication use within
populations and the temporal fluctuations. Moreover, such research holds pivotal impor-
tance in guiding the allocation of healthcare resources and ensuring equitable access to
drugs [17]. Nevertheless, the scarce and fragmented data on drug utilization in numer-
ous developing nations, including Brazil, restricts our comprehension of the population
consumption of drugs [17,18]. In this context, the objectives of this study were to describe
trends of dentist-prescribed NSAIDs, and analgesics distributed through the Brazilian Na-
tional Health System (BNHS). Additionally, we aimed to examine the relationship between
these trends and the characteristics of public oral health services in Minas Gerais, Brazil.

2. Materials and Methods
2.1. Ethics Statment

The methods employed in this investigation are in accordance with the principles
outlined in the Declaration of Helsinki. Prior to conducting the research, it underwent
appreciation of the Research Ethics Board of the Universidade Federal de Minas Gerais on
the 8 June 2018, resulting in a protocol (number: 88465118.8.0000.5149) and subsequent
approval (number: 2.701.715).
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2.2. Study Design and Data Source

This was a time-series analysis utilizing secondary data obtained from pharmaceutical
claims of NSAIDs and analgesics prescribed by dental practitioners between 1 January
2011 and 31 December 2021. The investigation was conducted in the state of Minas Gerais,
Brazil, known as the second most populous state in the country, with a population of
approximately 20.5 million people. Notably, the state encompasses over 800 towns, charac-
terized by great social disparities among them [19].

The BNHS provides comprehensive healthcare coverage to individuals of all age
groups within the country. This coverage is accessible to the population without any
direct costs at the point of delivery. The constitution guarantees the universal right to
comprehensive care, including dental, pharmaceutical, and medical benefits of varying
degrees of complexity. Recent data from the 2019 National Health Survey revealed that a
significant portion of the population, specifically 71.5%, exclusively relied on the BNHS as
their primary source of healthcare [20].

To investigate the prescribing trends in Minas Gerais, we examined secondary data
from the Pharmaceutical Management System, known as Sigaf, in Portuguese. This soft-
ware has been in use since 2010 and facilitates the pharmaceutical management of public
pharmacies. It enables inventory registration, helping services track their stock of drugs
and supplies. Additionally, it maintains a dataset with the history of drug dispensing,
including the quantity and dosage prescribed to each patient, as well the prescriber’s name
and license number [21]. Compliance with Sigaf is not compulsory; as such, not all towns
in Minas Gerais use the tool.

The first stage of our research involved identifying prescriptions written by dental
practitioners. A two-step cross-matching verification was performed for all prescriptions
recorded by Sigaf. This process involved comparing the names and license numbers of
the prescribers registered in Sigaf with the corresponding details found in the electronic
files of the Regional Council of Dentistry, which maintains up-to-date records of all dentists
licensed in the state. This verification was carried out using algorithms built with Python
(v. 3.11.4) (Python Software Foundation, Wilmington, DE, USA). Then, to ensure that there
were no inconsistencies (such as homonymous practitioners), a researcher (AJSC) carefully
inspected all records in the dataset. As a result, the final dataset only included dental
prescription records. A flowchart describing further details of the selection processes is
shown in Figure 1.

For the subsequent phase of the study, all drugs prescribed by dental practitioners
and recorded by Sigaf were classified following the guidelines for Anatomical Therapeutic
Chemical (ATC) classification and Defined Daily Doses (DDDs) assignment, 2023 [22].
In the ATC system, drugs are categorized based on the physiological system or organ
where they act [23,24]. Our analysis included drugs from the following ATC Classification
System subgroups: M01A-anti-inflammatory and antirheumatic products, non-steroids;
and N02B-other analgesics and antipyretics. Subsequently, the DDD for each prescribed
drug was determined. The DDD corresponds to the average maintenance dose per day
for a drug used for its main indication in adults [23,24]. We estimated the total number of
DDD and DDD/1000 inhabitants/year for each town in Minas Gerais for both NSAIDs
and analgesics between 2011 and 2021.

Our study followed the Reporting of Studies Conducted Using Observational Rou-
tinely Collected Health Data Statement for Pharmacoepidemiology (RECORD-PE) [25].
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Figure 1. Flow chart of selection process.

2.3. Variables

The outcome variable was DDD/1000 inhabitants/year for NSAIDs and analgesics.
Covariates referred to characteristics of public oral health services, such as coverage (per-
centage of the population coverage by primary oral health care), estimates of dental proce-
dures (first dental appointment/1000 inhabitants/year; extractions/1000 inhabitants/year;
endodontics/1000 inhabitants/year), and toothache (toothache/1000 inhabitants/year). All
covariates are quantitative and were sourced from official Brazilian government databases.
Furthermore, all measurements were recorded at the municipal level. The data used in this
study were collected during the specified research time frame from 2011 to 2021.

2.4. Statistical Analysis

Initially, we conducted descriptive statistical analysis to evaluate the outcome and
covariates, including the calculation of proportions, central tendency, and variability. For
the time-series data analysis, we employed a multiple linear regression model. It has been
stated before that Sigaf does not store data from all towns in Minas Gerais. Therefore, in
order to evaluate time trends, we have only considered data from towns that recorded
prescriptions over the 11-year period under study.
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The multiple linear time-series regression model is used to explain the relationship
between two or more variables. It assumes a linear relationship between the covariate
time series (X) and the outcome time series (Y) and aims to find the best-fitting line that
describes the relationship. It is defined using the equation [26]:

Yt = Xtβ + φpεt−p + · · ·+ φ1εt−1 + εt, εt ∼ N
(

0, α2
)

, for t = 1, . . . , n.

In the given model, the outcome time series is denoted as Yt. The covariate time series
matrix is denoted as Xt. The associated error is represented by εt , and the regression
parameters are represented by the vector β. The coefficients φ1, . . . , φp are associated with
the lagged error terms to induce a dynamic structure into the model. It is assumed that
the model errors have a mean of zero, are not correlated, and have a constant variance. In
order to stabilize the variance and bring the data closer to a probability normal distribution,
a logarithmic transformation was performed on the outcome. To verify if the coefficients of
the covariates in the regression model were significant, a Student’s t test was used, with
p < 0.05 considered as statistically significant. Residual standard error and degrees of
freedom, as well as multiple adjusted R-squared, were indicated to evaluate the goodness-
of-fit of the model. Missing data for the five covariates were imputed by calculating the
arithmetic mean of the two closest available values [27]. Data analysis was performed
using R version 4.3.1 (R Core Team, Vienna, Austria).

3. Results
3.1. NSAIDs

A total of thirty-eight towns recorded dental prescriptions of NSAIDs (n = 58,482)
throughout the duration of the research. In these towns, there was a substantial rise of
230.48% in the count of NSAID prescriptions. The number of DDD rose from 14,908.17
in 2011 to 54,678.50 in 2021. The most frequently prescribed NSAIDs were ibuprofen
(n = 34,395; 58.81%), nimesulide (n = 16,437; 28.11%), and diclofenac (n = 7595; 12.99%),
which together accounted for nearly 100% of all NSAIDs. While ibuprofen was the most
prescribed drug, its proportion among all NSAIDs exhibited temporal variation, reaching a
peak of 76.99% (n = 5910) by 2021. In contrast, diclofenac showed a cumulative decline of
−71.33% (Table 1).

Table 1. Prescriptions count (n), percent of category (%), total defined daily dose, and accumulated
annual percent change of non-steroidal anti-inflammatory drugs (NSAIDs), 2011–2021.

Drugs
2011 2016 2021

n % DDD n % DDD n % DDD % Change

Diclofenac 708 30.48 5096.50 650 11.79 6034.75 203 2.64 1977.25 −71.33
Ibuprofen 1039 44.73 6578.17 3215 58.34 23,587.92 5910 76.99 43,747 468.82

Nimesulide 576 24.80 3233.50 1636 29.69 8678.50 1561 20.33 8926.25 171.01
Others 0 0 0 10 0.18 131.00 3 0.04 28 0

All NSAIDs 2323 100 14,908.17 5511 100 38,432.17 7677 100 54,678.50 230.48

The average DDD/1000 inhabitants/year for NSAIDs was 124.04 (S.D. = 134.92). The
summary statistics for covariates can be found in Table 2.

The linear time-series regression model showed that the intercept was significant
(coefficient 1.95; standard error 0.57; p < 0.001). In general, the effect of time was positive
and significant at a 5% level. For each year, there was a 0.38 (standard error 0.08; p < 0.001)
increase in the average log of DDD/1000 inhabitants/year. The dynamic components of
residuals at 2, 3, and 4 years were significant and negative, showing a quality fit of the model
(Table 3). The time-series regression model had an explanatory power of 82% (R2-Adj = 0.82).
The individual intercept and trend for each town are presented in Supplementary Materials
Table S1.
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Table 2. Summary of the study outcome and covariates for NSAIDs, 2011–2021.

Variables Mean (S.D.) Minimum; Maximum

DDD/1000 inhabitants/year 124.04 (134.92) 0.02; 805.96
Percentage of the population coverage by primary oral health care 87.68 (23.24) 0.00; 100.00
First dental appointment/1000 inhabitants/year 333.97 (1081.77) 0.22; 9999.37
Extractions/1000 inhabitants/year 59.87 (46.31) 0.65; 332.55
Endodontics/1000 inhabitants/year 59.82 (48.02) 0.65; 340.90
Toothache/1000 inhabitants/year 36.94 (39.14) 0.01; 348.00

S.D.: Standard Deviation.

Table 3. Linear time-series regression model for DDD/1000 inhabitants/year of NSAIDs.

Coefficient Standard Error t-Value p-Value

Intercept 1.95 0.57 3.40 <0.001
et−2 −0.21 0.05 −3.76 <0.001
et−3 −0.29 0.06 −5.17 <0.001
et−4 −0.33 0.06 −5.15 <0.001

Trend 0.38 0.08 4.50 <0.001

After incorporating the covariates in the multiple linear time-series regression model,
only toothache/1000 inhabitants/year remained significant (coefficient 0.00; standard
error 0.00; p = 0.01) in the final model. This implies that as the frequency of toothache
increases, prescriptions of NSAIDs also increase (R2-Adj = 0.80) (Table 4). The full and
final multiple linear time-series model for each town are presented in Supplementary
Tables S2 and S3. The residual analysis was performed, and no evidence of violation of the
model’s assumptions was observed.

Table 4. Full and final multiple linear time-series regression model for DDD/1000 inhabitants/year
of NSAIDs and covariates.

Full
Coefficient

Standard
Error t-Value p-Value Final

Coefficient
Standard

Error t-Value p-Value

Percentage of the population coverage
by primary oral health care 0.00 0.00 0.34 0.74

First dental appointment/1000
inhabitants/year −0.00 0.00 −0.15 0.88

Extractions/1000 inhabitants/year 0.01 0.01 0.89 0.37
Endodontics/1000 inhabitants/year −0.00 0.00 −0.40 0.69
Toothache/1000 inhabitants/year 0.00 0.00 2.20 0.03 0.00 0.00 2.35 0.01

3.2. Analgesics

In total, forty-three towns registered dental prescriptions of analgesics (n = 47,499).
Within these towns, metamizole sodium (n = 31,557; 66.44%), and Paracetamol (n = 14,586;
30.71%) corresponded to 97.15% of all analgesics between 2011 and 2021. Except for the year
2011, metamizole was the most frequently prescribed analgesic over time. The number of
DDDs for all pain relievers increased from 4472.00 in 2011 to 21,099.00 in 2021 representing
a surge of 274.18% (Table 5).

The average DDD/1000 inhabitants/year for analgesics was 37.84 (S.D. = 55.26).
Summary statistics for covariates can be found in Table 6.

The linear time-series regression model demonstrated that the intercept was not
significant (coefficient 0.46; standard error 0.52; p = 0.38). In general, the effect of time was
positive. For each year, there was a 0.28 (standard error 0.08; p < 0.001) increase in the
average log of DDD/1000 inhabitants/year. The dynamic components of residuals at 2, 3,
and 4 years were significant and negative, showing the quality fit of the model (Table 7).
The time-series regression model had an explanatory power of 84.00% (R2-Adj = 0.84).
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Individual intercept and trend for each town are presented in Supplementary Table S4.
Again, no evidence of the violation of the model’s assumptions was observed.

Table 5. Prescriptions count (n), percent of category (%), total defined daily dose, and accumulated
annual percent change of analgesics from 2011 to 2021.

Drugs
2011 2016 2021

n % DDD n % DDD n % DDD % Change

Metamizole
Sodium 866 48.71 2127.00 2398 62.00 5759.05 4818 72.42 15,372.00 456.35

Paracetamol 908 51.07 2337.00 1422 36.76 3841.48 1242 18.67 3964.17 36.78
Others 4 0.22 8.00 48 1.24 60.33 593 8.91 1762.83 14,725.00

All analgesics 1778 100 4472.00 3868 100 9660.80 6653 100 21,099.00 274.18

Table 6. Summary of the study outcome and covariates for analgesics, 2011–2021.

Variables Mean (S.D.) Minimum; Maximum

DDD/1000 inhabitants/year 37.84 (55.26) 0.01; 712.71
Percentage of the population coverage by primary oral health care 88.80 (21.88) 0.00; 100.00
First dental appointment/1000 inhabitants/year 331.88 (1071.30) 0.06; 11,102.26
Extractions/1000 inhabitants/year 106.43 (899.65) 0.18; 19,268.35
Endodontics/1000 inhabitants/year 106.99 (899.69) 0.65; 19,268.35
Toothache/1000 inhabitants/year 34.69 (37.46) 0.01; 348.00

S.D.: Standard Deviation.

Table 7. Linear time-series regression model for DDD/1000 inhabitants/year of analgesics.

Coefficient Standard Error t-Value p-Value

Intercept 0.46 0.52 0.88 0.38
et−2 −0.27 0.05 −5.10 <0.001
et−3 −0.20 0.05 −3.74 <0.001
et−4 −0.29 0.06 −4.79 <0.001

Trend 0.28 0.08 3.68 <0.001

In the full multiple linear time-series regression model, none of the covariates were
significantly associated with the outcome. Therefore, no covariates were included in the
final model (Table 8). The full multiple linear time-series model for each town is presented
in Supplementary Table S5.

Table 8. Full and final linear time-series regression model for DDD/1000 inhabitants/year of anal-
gesics and covariates.

Full Coefficient Standard Error t-Value p-Value

Percentage of the population coverage by primary oral health care 0.00 0.00 0.48 0.63
First dental appointment/1000 inhabitants/year 0.00 0.00 0.75 0.45

Extractions/1000 inhabitants/year 0.01 0.01 0.81 0.42
Endodontics/1000 inhabitants/year −0.01 0.01 −0.81 0.42

Toothache/1000 inhabitants/year 0.00 0.00 1.24 0.21

4. Discussion

The analysis, utilizing data from Sigaf, revealed an overall increase in both the pre-
scription count and DDD/1000 inhabitants/year of NSAIDs and analgesics prescribed
by dental practitioners and dispensed under the BNHS. Ibuprofen and metamizole were
the most frequently prescribed NSAID and analgesic, respectively. At the town-level,
a positive association was observed between toothache prevalence and prescriptions of
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NSAIDs, whereas none of the covariates influenced the rates of analgesic prescriptions.
This finding suggests that individual-level factors, such as clinical diagnosis and patient’s
pain threshold, may play a significant role in prescribing decisions.

The preference of ibuprofen, over other NSAIDs observed in this study aligns with
findings reported elsewhere [7,9,11,13]. This favorability might stem from ibuprofen’s
well-established efficacy, safety profile and low cost. Current evidence demonstrates that,
when compared to other NSAIDs, ibuprofen poses a relatively low risk of cardiovascular
adverse effects, gastrointestinal bleeding, and renal impairment [28,29]. On the other hand,
in Minas Gerais, diclofenac prescriptions have been decreasing over time. Similarly, re-
search from Croatia showed a 22% decrease in diclofenac prescriptions [9], and in Australia
there has been a decline in diclofenac consumption [10]. These trends could be attributed to
diclofenac’s higher propensity for inducing adverse events, such as myocardial infarction,
stroke, and hepatoxicity. Even with short-term use, diclofenac is recognized as the NSAID
most likely to cause severe side effects [30,31]. The decrease in diclofenac usage might indi-
cate that dentists are relying on evidence-based information when prescribing. Regardless,
it remains crucial to exercise caution when prescribing NSAIDs due to their potential side
effects and interactions with other medications. Providers should carefully consider each
patient’s medical history, allergies, and any contraindications before prescribing NSAIDs.

Metamizole sodium was the most commonly prescribed analgesic by dental care
providers in the towns in Minas Gerais. A nationwide survey, representative of Brazilian
households, found that metamizole accounted for 52.8% of the primary drug used for pain
relief by the population [32]. Although some studies suggest that metamizole is a safe choice
when compared to other analgesics, such as opioids, it has been banned in several countries
due to concerns regarding the risk of agranulocytosis [33,34]. In Brazil, metamizole can be
purchased both with a prescription and over-the-counter medication. Given the restricted
availability of metamizole in many parts of the world, direct comparisons with our data
are limited.

The observed growth in NSAID and analgesic prescriptions in our study aligns with
international trends of increasing drug utilization to treat painful dental inflammatory
conditions. In Australia, Hollingworth et al. examined the patterns of drugs, listed on the
Pharmaceutical Benefits Schedule, prescribed to dental patients during the period spanning
from 2001 to 2012. Over these 12 years, NSAID prescriptions surged from 4039 in 2001 to
6855 in 2012, marking a nearly 70% increase [7]. Meanwhile, in Croatia, prescriptions of
NSAIDs and analgesics by dental care providers soared between 2014 and 2018, leading
to an overall increase of 46% over the five years [9]. In contrast, Halling et al. reported a
decline of 100,000 (3.4%) painkiller prescriptions in Germany from 2012 to 2016 [12]. These
variations among countries may be attributed to various factors, including the distinctive
characteristics and scope of public healthcare systems, pain medication availability, and the
range of drugs subsidized by governments, whether provided free or requiring copayments.

Dentists prescribe analgesic medications to mitigate the discomfort arising from un-
treated dental conditions, such as dental caries, periodontal diseases, and oral trauma,
as well as pre- and post-operative interventions. Previous research showed a positive
association between toothache and the prescription and consumption of pain reliev-
ers [35,36]. Moeller et al. reported that 10% of residents in British Columbia, Canada,
experienced toothache during the study investigated period. Of these, nearly 80% used
some painkillers [35]. Another cross-sectional survey conducted in Iran showed that pain
relievers were commonly taken among those with dental pain [36]. Our findings provided
additional evidence to support the positive association between the occurrence of toothache
and the prescription of NSAIDs. Given the proven effectiveness of NSAIDs in managing
various painful inflammatory dental conditions [2], it is logical for this class of medication
to be a preferred choice among dentists. Interestingly, our study did not detect a significant
role of toothache in the prescription of analgesics in the studied towns. These findings
suggest the presence of unidentified factors that could potentially influence the prescribing
patterns of pain relievers in Minas Gerais.
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Other covariates, including population coverage by primary oral health care and
estimates of dental procedures, did not exhibit a significant influence on the outcome.
These covariates serve as proxy indicators for access to services. A higher number of dental
procedures in certain regions suggests improved accessibility to curative dental care. While
some cross-sectional studies have indicated a positive association between access to care
and increased drug prescriptions [14,37], our time-series data analysis did not confirm this
relationship with statistical significance. This suggests that additional individual-level
factors, such as pain thresholds and clinical diagnoses, may play a central role in influencing
dentists’ decisions to prescribe pain relievers [38,39]. Further investigations incorporating
different covariates are necessary to comprehend the complex interactions pertaining to
prescription patterns in dental practice.

This study is subject to inherent limitations commonly encountered in investigations
utilizing secondary data, such as the inability to control and ensure data quality. The
analysis was restricted to data from a limited number of towns (thirty-eight and forty-three)
in the state of Minas Gerais, where NSAIDs and analgesics were prescribed over an eleven-
year period. This limitation affects the external validity of the findings. Nonetheless, Sigaf
remains a valuable source of information for research, especially given the current scarce
and fragmented evidence about the populational usage of drugs in the Latin American
region [17,18]. The Sigaf database, however, lacks information on specific diagnoses
associated with drug prescriptions, making it impossible to evaluate the appropriateness
and quality of the drug usage. Despite these drawbacks, to the best of our knowledge,
this study represents the first time-series analysis to investigate prescribing patterns and
associated factors regarding pain relievers in Brazil. The findings of this study offer insights
about drug utilization, which may be particularly valuable for pharmaco-surveillance and
can inform the development of strategies aiming to improve equitable and rational access
to medication.

Future research should continue monitoring the rise in NSAID and analgesic prescrip-
tions in dental practices, while conducting comparative analyses across diverse geographic
regions. It is crucial to explore the factors influencing prescription patterns with a focus on
individual-level factors. Furthermore, a comprehensive assessment of the appropriateness
of prescribed NSAIDs and analgesics, dosage regimens, and potential interactions with
concurrently administered medication is necessary. Addressing these gaps will help en-
hance the pharmaceutical management of public services and ensure patient safety related
to drug utilization.

5. Conclusions

Over the eleven years, there was a noticeable upward trend in the prescription rates
of the analyzed drugs, with ibuprofen and metamizole sodium as the most frequently
prescribed NSAID and analgesic, respectively. Toothache was the only characteristic
of public oral health services associated with the prescription rates of NSAIDs; as the
frequency of toothache increased, so did NSAID prescription in the studied towns. This
finding underscores the need for further research to identify potential underlying factors
influencing drug usage within dental practice in Brazil.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph20186795/s1, Table S1: Adjustment of the linear time-series
regression model of the average log of 1DDD/1000 inhabitants/year of NSAIDS; Table S2: Full linear
time-series regression model for DDD/1000 inhabitants/year of NSAIDS and covariates; Table S3:
Final linear time-series regression model for DDD/1000 inhabitants/year of NSAIDS and covariates;
Table S4: Adjustment of the linear time-series regression model for log of DDD/1000 inhabitants/year
of analgesics; Table S5: Full linear time-series regression model for DDD/1000 inhabitants/year of
analgesics and covariates.

https://www.mdpi.com/article/10.3390/ijerph20186795/s1
https://www.mdpi.com/article/10.3390/ijerph20186795/s1


Int. J. Environ. Res. Public Health 2023, 20, 6795 10 of 11

Author Contributions: Conceptualization, A.J.S.C., J.S.S., M.A.P.M., L.S.d.C., W.S. and M.H.N.G.A.;
methodology, A.J.S.C., M.A.P.M., J.S.S., L.S.d.C. and M.H.N.G.A.; formal analysis, A.J.S.C., T.R.d.S.
and M.H.N.G.A.; data acquisition, A.J.S.C., V.S.B. and H.P.d.A.P.; writing—original draft preparation,
A.J.S.C., M.A.P.M., V.S.B., H.P.d.A.P., J.S.S., T.R.d.S., W.S., L.S.d.C. and M.H.N.G.A.; writing—review
and editing, A.J.S.C.; supervision, L.S.d.C., W.S. and M.H.N.G.A. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior–Brasil (CAPES), grant number 001. Mauro Henrique Nogueira Guimarães Abreu is fellow
research at the National Research Council (Conselho Nacional de Pesquisa [CNPq]), grant number
303772/2019-0.

Institutional Review Board Statement: This study is in accordance with the principles outlined
in the Declaration of Helsinki. Prior to conducting the research, it underwent appreciation of the
Research Ethics Board of the Universidade Federal de Minas Gerais, resulting in a protocol (number:
88465118.8.0000.5149) and subsequent approval (number: 2.701.715).

Informed Consent Statement: We analyzed a secondary dataset of pharmaceutical claims data where
the identities of both prescribers and patients were kept anonymous; therefore, it was not necessary
to ask for individual informed consent.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: We thank the Health State Secretary, Minas Gerais-Secretaria de Estado de Saúde
de Minas Gerais (SES-MG) for providing access to the Sigaf dataset.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Thornhill, M.H.; Suda, K.J.; Durkin, M.J.; Lockhart, P.B. Is it time US dentistry ended its opioid dependence? J. Am. Dent. Assoc.

2019, 150, 883–889. [CrossRef] [PubMed]
2. Moore, P.A.; Ziegler, K.M.; Lipman, R.D.; Aminoshariae, A.; Carrasco-Labra, A.; Mariotti, A. Benefits and harms associated with

analgesic medications used in the management of acute dental pain: An overview of systematic reviews. J. Am. Dent. Assoc. 2018,
149, 256–265.e253. [CrossRef] [PubMed]

3. Laniado, N.; Hersh, E.V.; Badner, V.M.; Saraghi, M. Prescribing Analgesics for Postoperative Dental Pain. Compend. Contin. Educ.
Dent. 2020, 41, 466–473. [PubMed]

4. Smith, E.A.; Marshall, J.G.; Selph, S.S.; Barker, D.R.; Sedgley, C.M. Nonsteroidal Anti-inflammatory Drugs for Managing
Postoperative Endodontic Pain in Patients Who Present with Preoperative Pain: A Systematic Review and Meta-analysis. J. Endod.
2017, 43, 7–15. [CrossRef] [PubMed]

5. Hersh, E.V.; Moore, P.A.; Grosser, T.; Polomano, R.C.; Farrar, J.T.; Saraghi, M.; Juska, S.A.; Mitchell, C.H.; Theken, K.N.
Nonsteroidal Anti-Inflammatory Drugs and Opioids in Postsurgical Dental Pain. J. Dent. Res. 2020, 99, 777–786. [CrossRef]

6. Teoh, L.; McCullough, M.; Taing, M.W. Efficacy of oxycodone for postoperative dental pain: A systematic review and meta-
analysis. J. Dent. 2022, 125, 104254. [CrossRef]

7. Hollingworth, S.A.; Chan, R.; Pham, J.; Shi, S.; Ford, P.J. Prescribing patterns of analgesics and other medicines by dental
practitioners in Australia from 2001 to 2012. Community Dent. Oral Epidemiol. 2017, 45, 303–309. [CrossRef]

8. Teoh, L.; Stewart, K.; Marino, R.J.; McCullough, M.J. Part 2. Current prescribing trends of dental non-antibacterial medicines in
Australia from 2013 to 2016. Aust. Dent. J. 2018, 63, 338–346. [CrossRef]

9. Sutej, I.; Lepur, D.; Bozic, D.; Pernaric, K. Medication Prescribing Practices in Croatian Dental Offices and Their Contribution to
National Consumption. Int. Dent. J. 2021, 71, 484–490. [CrossRef]

10. Park, J.S.; Page, A.T.; Kruger, E.; Tennant, M. Dispensing patterns of medicines prescribed by Australian dentists from 2006 to
2018—A pharmacoepidemiological study. Int. Dent. J. 2020, 71, 106–112. [CrossRef]

11. Hernández-Viana, S.; Silva-Gómez, N.; Galvis-Pareja, D.A.; Martínez-Pabón, M.C. The use of analgesics and anti-inflammatories
in an oral surgery service in Medellín, Colombia, 2013–2015. Rev. Fac. Odontol. Univ. Antioq. 2019, 30, 166–171.

12. Halling, F.; Heymann, P.; Ziebart, T.; Neff, A. Analgesic prescribing patterns of dental practitioners in Germany. J. Craniomaxillofac.
Surg. 2018, 46, 1731–1736. [CrossRef] [PubMed]

13. Fadare, J.O.; Oshikoya, K.A.; Obimakinde, O.S.; Sijuade, A.O.; Afolayan, J.M.; Adeleke, A.A.; Godman, B.; Ojumu, D.O. Patterns of
drugs prescribed for dental outpatients in Nigeria: Findings and implications. Acta Odontol. Scand. 2017, 75, 496–506. [CrossRef]
[PubMed]

14. Cruz, A.; Santos, J.S.; Pereira, J.E.A.; Ruas, C.M.; Mattos, F.F.; Castilho, L.S.; Abreu, M. Prescriptions of analgesics and anti-
inflammatory drugs in municipalities from a Brazilian Southeast state. Braz. Oral Res. 2020, 35, e011. [CrossRef]

https://doi.org/10.1016/j.adaj.2019.07.003
https://www.ncbi.nlm.nih.gov/pubmed/31561762
https://doi.org/10.1016/j.adaj.2018.02.012
https://www.ncbi.nlm.nih.gov/pubmed/29599019
https://www.ncbi.nlm.nih.gov/pubmed/33001657
https://doi.org/10.1016/j.joen.2016.09.010
https://www.ncbi.nlm.nih.gov/pubmed/27939729
https://doi.org/10.1177/0022034520914254
https://doi.org/10.1016/j.jdent.2022.104254
https://doi.org/10.1111/cdoe.12291
https://doi.org/10.1111/adj.12613
https://doi.org/10.1016/j.identj.2021.01.004
https://doi.org/10.1111/idj.12605
https://doi.org/10.1016/j.jcms.2018.07.005
https://www.ncbi.nlm.nih.gov/pubmed/30077570
https://doi.org/10.1080/00016357.2017.1347822
https://www.ncbi.nlm.nih.gov/pubmed/28693407
https://doi.org/10.1590/1807-3107bor-2021.vol35.0011


Int. J. Environ. Res. Public Health 2023, 20, 6795 11 of 11

15. Hubbard, C.C.; Evans, C.T.; Calip, G.S.; Rowan, S.A.; Gellad, W.F.; Campbell, A.; Gross, A.E.; Hershow, R.C.; McGregor, J.C.;
Sharp, L.K.; et al. Characteristics Associated With Opioid and Antibiotic Prescribing by Dentists. Am. J. Prev. Med. 2021, 60,
648–657. [CrossRef]

16. Lino, P.A.; Sohn, W.; Singhal, A.; Martins, M.A.P.; Silva, M.; Abreu, M. A national study on the use of opioid analgesics in
dentistry. Braz. Oral Res. 2019, 33, e076. [CrossRef]

17. Salas, M.; Lopes, L.C.; Godman, B.; Truter, I.; Hartzema, A.G.; Wettermark, B.; Fadare, J.; Burger, J.R.; Appenteng, K.; Donneyong,
M.; et al. Challenges facing drug utilization research in the Latin American region. Pharmacoepidemiol. Drug Saf. 2020, 29,
1353–1363. [CrossRef]

18. Duran, C.E.; Christiaens, T.; Acosta, A.; Vander Stichele, R. Systematic review of cross-national drug utilization studies in Latin
America: Methods and comparability. Pharmacoepidemiol. Drug Saf. 2016, 25, 16–25. [CrossRef]

19. Instituto Brasileiro de Geografia e Estatística—IBGE. Cidades. Available online: https://cidades.ibge.gov.br/brasil/mg/
panorama (accessed on 20 July 2023).

20. IBGE. Pesquisa Nacional de Saúde. Informações Sobre Domicílios, Acesso e Utilização Dos Serviços de Saúde. Brasil, Grandes
Regiões e Unidades da Federação. 2019. Available online: https://biblioteca.ibge.gov.br/visualizacao/livros/liv101748.pdf
(accessed on 20 July 2023).

21. Leal, L.F.; Osorio-de-Castro, C.G.S.; de Souza, L.J.C.; Ferre, F.; Mota, D.M.; Ito, M.; Elseviers, M.; Lima, E.D.C.; Zimmernan,
I.R.; Fulone, I.; et al. Data Sources for Drug Utilization Research in Brazil-DUR-BRA Study. Front. Pharmacol. 2021, 12, 789872.
[CrossRef]

22. World Health Organization—WHO. Guidelines for ATC Classification and DDD Assignment 2023, 26th ed.; WHO: Oslo, Norway, 2022;
p. 250. Available online: https://www.whocc.no/filearchive/publications/2023_guidelines_web.pdf (accessed on 20 July 2023).

23. Hollingworth, S.; Kairuz, T. Measuring Medicine Use: Applying ATC/DDD Methodology to Real-World Data. Pharmacy 2021, 9,
60. [CrossRef]

24. Hutchinson, J.M.; Patrick, D.M.; Marra, F.; Ng, H.; Bowie, W.R.; Heule, L.; Muscat, M.; Monnet, D.L. Measurement of antibiotic
consumption: A practical guide to the use of the Anatomical Thgerapeutic Chemical classification and Definied Daily Dose
system methodology in Canada. Can. J. Infect. Dis. 2004, 15, 29–35. [CrossRef] [PubMed]

25. Langan, S.M.; Schmidt, S.A.; Wing, K.; Ehrenstein, V.; Nicholls, S.G.; Filion, K.B.; Klungel, O.; Petersen, I.; Sorensen, H.T.;
Dixon, W.G.; et al. The reporting of studies conducted using observational routinely collected health data statement for
pharmacoepidemiology (RECORD-PE). BMJ 2018, 363, k3532. [CrossRef] [PubMed]

26. Shumway, R.H.; Stoffer, D.S. Time Series Analysis and Its Applications, 3rd ed.; Springer: New York, NY, USA, 2011; p. 595.
27. Zhang, Z. Missing data imputation: Focusing on single imputation. Ann. Transl. Med. 2016, 4, 9. [CrossRef] [PubMed]
28. Rainsford, K.D. Ibuprofen: Pharmacology, efficacy and safety. Inflammopharmacology 2009, 17, 275–342. [CrossRef] [PubMed]
29. Varrassi, G.; Pergolizzi, J.V.; Dowling, P.; Paladini, A. Ibuprofen Safety at the Golden Anniversary: Are All NSAIDs the Same? A

Narrative Review. Adv. Ther. 2020, 37, 61–82. [CrossRef] [PubMed]
30. Sriuttha, P.; Sirichanchuen, B.; Permsuwan, U. Hepatotoxicity of Nonsteroidal Anti-Inflammatory Drugs: A Systematic Review of

Randomized Controlled Trials. Int. J. Hepatol. 2018, 2018, 5253623. [CrossRef]
31. Harirforoosh, S.; Asghar, W.; Jamali, F. Adverse effects of nonsteroidal antiinflammatory drugs: An update of gastrointestinal,

cardiovascular and renal complications. J. Pharm. Pharm. Sci. 2013, 16, 821–847. [CrossRef]
32. da Silva Dal Pizzol, T.; Turmina Fontanella, A.; Cardoso Ferreira, M.B.; Bertoldi, A.D.; Boff Borges, R.; Serrate Mengue, S.

Analgesic use among the Brazilian population: Results from the National Survey on Access, Use and Promotion of Rational Use
of Medicines (PNAUM). PLoS ONE 2019, 14, e0214329. [CrossRef]

33. Cascorbi, I. The Uncertainties of Metamizole Use. Clin. Pharmacol. Ther. 2021, 109, 1373–1375. [CrossRef]
34. Kotter, T.; da Costa, B.R.; Fassler, M.; Blozik, E.; Linde, K.; Juni, P.; Reichenbach, S.; Scherer, M. Metamizole-associated adverse

events: A systematic review and meta-analysis. PLoS ONE 2015, 10, e0122918. [CrossRef]
35. Moeller, J.; Farmer, J.; Quinonez, C. Patterns of analgesic use to relieve tooth pain among residents in British Columbia, Canada.

PLoS ONE 2017, 12, e0176125. [CrossRef] [PubMed]
36. Kakoei, S.; Parirokh, M.; Nakhaee, N.; Jamshidshirazi, F.; Rad, M.; Kakooei, S. Prevalence of toothache and associated factors: A

population-based study in southeast iran. Iran. Endod. J. 2013, 8, 123–128. [PubMed]
37. Santos, J.S.; Cruz, A.; Ruas, C.M.; Pereira Junior, E.A.; Mattos, F.F.; Klevens, R.M.; Abreu, M. What we know about antibiotics

prescribed by dentists in a Brazilian southeastern state. Braz. Oral Res. 2022, 36, e002. [CrossRef] [PubMed]
38. Sinnenberg, L.E.; Wanner, K.J.; Perrone, J.; Barg, F.K.; Rhodes, K.V.; Meisel, Z.F. What Factors Affect Physicians’ Decisions to

Prescribe Opioids in Emergency Departments? MDM Policy Pract. 2017, 2, 2381468316681006. [CrossRef] [PubMed]
39. Teoh, L.; Stewart, K.; Marino, R.J.; McCullough, M.J. Perceptions, attitudes and factors that influence prescribing by general

dentists in Australia: A qualitative study. J. Oral Pathol. Med. 2019, 48, 647–654. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.amepre.2020.11.017
https://doi.org/10.1590/1807-3107bor-2019.vol33.0076
https://doi.org/10.1002/pds.4989
https://doi.org/10.1002/pds.3896
https://cidades.ibge.gov.br/brasil/mg/panorama
https://cidades.ibge.gov.br/brasil/mg/panorama
https://biblioteca.ibge.gov.br/visualizacao/livros/liv101748.pdf
https://doi.org/10.3389/fphar.2021.789872
https://www.whocc.no/filearchive/publications/2023_guidelines_web.pdf
https://doi.org/10.3390/pharmacy9010060
https://doi.org/10.1155/2004/389092
https://www.ncbi.nlm.nih.gov/pubmed/18159441
https://doi.org/10.1136/bmj.k3532
https://www.ncbi.nlm.nih.gov/pubmed/30429167
https://doi.org/10.3978/j.issn.2305-5839.2015.12.38
https://www.ncbi.nlm.nih.gov/pubmed/26855945
https://doi.org/10.1007/s10787-009-0016-x
https://www.ncbi.nlm.nih.gov/pubmed/19949916
https://doi.org/10.1007/s12325-019-01144-9
https://www.ncbi.nlm.nih.gov/pubmed/31705437
https://doi.org/10.1155/2018/5253623
https://doi.org/10.18433/J3VW2F
https://doi.org/10.1371/journal.pone.0214329
https://doi.org/10.1002/cpt.2258
https://doi.org/10.1371/journal.pone.0122918
https://doi.org/10.1371/journal.pone.0176125
https://www.ncbi.nlm.nih.gov/pubmed/28459825
https://www.ncbi.nlm.nih.gov/pubmed/23922574
https://doi.org/10.1590/1807-3107bor-2022.vol36.0002
https://www.ncbi.nlm.nih.gov/pubmed/35081220
https://doi.org/10.1177/2381468316681006
https://www.ncbi.nlm.nih.gov/pubmed/30288413
https://doi.org/10.1111/jop.12909

	Introduction 
	Materials and Methods 
	Ethics Statment 
	Study Design and Data Source 
	Variables 
	Statistical Analysis 

	Results 
	NSAIDs 
	Analgesics 

	Discussion 
	Conclusions 
	References

