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Background Poor personal hygiene increases disease risk,
however, the prevalence of hygiene practices among ad-
olescents is poorly described in low- and middle-income
countries (LMICs). We aimed to assess the hygiene prac-
tices among young adolescents in LMICs using data from
the Global School-based Student Health Surveys (GSHS).

Methods This population-based study analysed the GSHS
data for adolescents aged 12-15 years from 75 LMICs. Data
were collected between 2003 and 2015 using standardised,
anonymous, self-reported questionnaires. This report focus-
es on hygiene related behaviours such as tooth brushing,
washing hands after using the toilet, washing hands before
eating and washing hands with soap. The weighted preva-
lence and 95% confidential intervals (Cls) for the hygiene
practices, and overall and regional estimates were calculat-
ed with random-effects meta-analysis.

Results A total of 181848 young adolescents from 75
LIMCs with available hygiene data were analysed. The over-
all prevalence for never washing hands were 7.4% (95%
confidence interval (CI)=4.4-10.3) for before eating, 5.9%
(95% C1=3.8-7.9) for after using the toilet, and 9.0% (95%
CI=6.2-11.8) for with soap. For tooth brushing, the over-
all prevalence estimates were 8.6% (95% CI=5.5-11.7) for
never brushing teeth, 80.9% (95% Cl=74.7-87.1) for 1-3
times per day, and 9.7% (95% Cl=5.8-13.6) for >3 times
per day. However, the prevalence of different hygiene prac-
tices varied significantly among countries and regions (all
P values <0.001). Poor hygiene status, with a prevalence
>20%, was still observed in several LMICs (eg, 12 countries
for never washing hands and 4 for never brushing teeth).

Conclusions The hygiene practices of young adolescents
aged 12-15 years were generally frequent, but poor status
was still observed in several LMICs. These findings em-
phases the need for hygiene and health education targeting

young adolescents in LMICs.
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Non-fatal health problems with childhood onset profoundly affect long-term health trajectories, future
health care needs, intellectual development and economic and productivity prospects [1]. In 2015, there
were approximately 7.26 million deaths among children and adolescents globally, and high mortality
mainly found in low- and middle-income countries (LMICs), especially in South Asia, Western sub-Sa-
haran Africa, and Eastern sub-Saharan Africa [1]. Hygiene practices such as hand washing and tooth
brushing in LMICs have received comparatively little attention, despite the fact that inadequate sanita-
tion and poor personal hygiene conditions in these countries profoundly contribute to the spread and
incidence of diseases (especially gastrointestinal and respiratory illnesses) [2-5]. Study by Allison et al [5]
found that improvements in hand hygiene resulted in reductions in gastrointestinal illness of 31% (95%
confidence intervals (CD)=19%, 42%) and reductions in respiratory illness of 21% (95% CI=5%, 34%).

As a cost-effective hygienic habit, hand hygiene is the primary measure to reduce childhood diarrhoea
and respiratory infections, which are the leading causes of infection-related death among children and
adolescents, with age-standardised mortality rates of 31.1 and 22.4 per 100000 global population [1].
Person to person contact or by ingestion of contaminated food and water in an unhygienic environment
are mostly transmitted pathways for these diseases [4,6]. Hand washing has been proven to reduce the
risk of infections associated with childhood diarrhoea and respiratory diseases by 29%-31% and 16%-
24%, respectively [2,3]. However, in many resource-poor countries, developing a habit of hand wash-
ing may require infrastructural, cultural and behavioural changes, which take time to develop, as well as
substantial resources [7,3].

Oral hygiene is also a low-cost but effective hygiene practice that can decrease the incidence of oral dis-
eases, such as periodontal disease and dental caries [9,10]. Tooth brushing with fluoride-containing tooth-
paste has been suggested as an effective way to prevent dental caries, and reduce caries risk by 24% in
permanent teeth [11,12]. The Global Burden of Disease Study 2016 estimated that oral diseases affected
half of the global population (3.58 billion people), and dental caries is the most common oral disease
among children which affects 60%-90% of children worldwide [13]. With increasing urbanisation and
changes in living conditions, the prevalence of oral diseases has increased notably in several high-income
countries, whereas in LMICs, the persistence of the disease burden is likely to be due to inadequate ex-
posure to fluoride and poor access to primary oral health care services [14].

Understanding the distribution of hygiene practices among adolescents in different LMICs is of utmost
importance for health and other youth-centric services (eg,, education), evidence-based planning, priori-
ty setting and disease prevention and intervention efforts. This study aimed to assess the pattern of hand
washing and tooth brushing among adolescents aged 12-15 years in LMICs using the latest data from the
Global School-based Student Health Surveys (GSHS).

METHODS

Data sources

We used the most recent GSHS data (2003-2015) publicly available on the websites of the WHO (http://
www.who.int/ncds/surveillance/gshs/en/) and the US Centers for Disease Control and Prevention (CDC)
(https://www.cdc.gov/gshs/index. htm). Detailed methods and the main findings of the GSHS are described
on both websites, as well as in previous studies [15,16]. The GSHS is designed to help countries measure
and assess behavioural risk factors and protective factors among young people. The GSHS uses the same
two-stage random cluster sampling of schools and classes to select eligible participants in all countries,
which provides a sample representative of the young population in each country. For global comparisons,
we used hygiene module data collected from young adolescents aged 12-15 years using self-administered
and well-validated questionnaire. If a country had done more than one GSHS between 2003 and 2015,
we used data from the most recent survey.

In each participating country, the GSHS survey has been approved by both a national government ad-
ministration (most often the Ministry of Health or Education) and an institutional review board or ethics
committee. Student participants indicate their consent to participate by voluntarily completing an ano-
nymous survey form.

Outcomes

The outcomes in our study are frequencies of young adolescents’ hygiene practices of hand washing (af-
ter using the toilet, before eating and with soap) and tooth brushing.

DECEMBER 2020 + VOL. TONO. 2 » 020436 2 www.jogh.org * doi: 10.7189/jogh.10.020436



Hygiene practices among young adolescents in LMICs

The frequency of hand washing was assessed among young adolescents using the following three ques-
tions: ‘During the past 30 days, how often did you wash your hands before eating?’; ‘During the past 30
days, how often did you wash your hands after using the toilet or latrine?’; and ‘During the past 30 days,
how often did you use soap when washing your hands?’. The possible answers were ‘never, ‘rarely, ‘some-
times’, ‘most of the time’, or ‘always’.

Tooth brushing frequency was assessed with the question: ‘During the past 30 days, how many times per
day did you usually clean or brush your teeth?”. The possible answers were ‘I did not clean or brush my
teeth during the past 30 days’, ‘Less than 1 time per day, ‘1 time per day, 2 times per day, 3 times per
day, or ‘4 or more times per day.

For the questions about washing hands before eating, after using the toilet or with soap, the responses

PAPERS

‘sometimes’, ‘most of the time’ and ‘always’ were coded as frequent hand washing; other responses (‘nev-
et or ‘rarely) were coded as never washing hands. For tooth brushing, responses were coded as never
brushing teeth (for ‘did not brush’ or ‘less than 1 time per day), 1-3 times per day, and >3 times per day.

Statistical analysis

Estimates of the prevalence of different variables were based on individual data from each survey. To take
account of the complex sampling design used for the GSHS, we calculated prevalence estimates and 95%
confidence intervals (95% Cls) using the SURVEYMEANS procedure in SAS version 9.4 (SAS Institute,
Cary, NC). Pooled regional and overall estimates with 95% ClIs was calculated using meta-analysis with
random-effects models by STATA version 11.0 (Stata Corporation, TX, USA). Heterogeneity was assessed
using the I? statistic. Subgroup analyses were stratified by sex, age (12-13 years vs 14-15 years) and body
mass index (BMI; underweight, normal weight, overweight or obese). Age- and sex-specific BMI percen-
tiles were calculated according to the US CDC guidelines using growth reference data from 2000 [17].
For classification of BMI categories, the cut-off values used were <5% for underweight, 5% to 85% for
normal weight, 85% to 95% for overweight and >95% for obese. The differences between two prevalence
estimates were compared using the x? test of heterogeneity. Survey-weighted logistic regression models
were used to analyze the trends in prevalence over time with adjustments for age, sex. Statistical signifi-
cance was set as a P-value <0.05 in a two-sided test.

The study was conducted according to STROBE checklists (www.strobe-statement.org/index.
phprid=strobe-home) guidelines (Table S1 in the Online Supplementary Document).

LMICs with GSHS data available (n=94) RESULTS

Population characteristics
Countries without tooth brushing and washing hands data (n=19) ) )
Until now, 94 countries had conducted at least one

American Region (n=9) . . . .
GSHS. Nineteen countries were not included in

Anguilla, Antigua and Barbuda, British Virgin, Colombia, Chile,

Dominica, Jamaica, Montserrat, Suriname. our analysis due to a lack of data from the hygiene

Western Pacific Region (n=2) practices module (Figure 1). GSHS data from 75

Fiji, Niue. countries in the 6 WHO regions were included: 12

™ Afiican Region (n=5) from Africa, 1 from Europe, 22 from America, 18

B, WMalew, Mermianii MAGH, Seyehells. from the eastern Mediterranean, 5 from Southeast
,

Asia, and 18 from the western Pacific, correspond-
ing to a total of 181848 young adolescents (Table
1). Almost all of the young adolescents surveyed re-

Southeast Asia Region (n=2)
Maldives, Sri Lanka.

European Region (n=1)

Tajikistan. K i . .
sponded to the hygiene practice questions regarding
v hand washing and tooth brushing, with an overall
75 datasets included in our analysis response rate of 98.7% (range: 95.5% to 99.9%).
22 from American Region The median sample size for each survey was 1816.
18 from Eastern Mediterranean Region
18 from Western Pacific Region Hand hygiene among young
12 from Africa Region adolescents in LMICs
5 from Southeast Asia Region
. . Overall prevalence was 7.4% (95% CI=4.4-10.3)
1 from European Region - )
for never washing hands before eating, 5.9% (95%

Figure 1. Flow of participants through the study. CI=3.8-7.9) for never washing hands alter using
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Table 1. Survey characteristics of the Global School-based Student Health Surveys, 2003-2015

SURVEY (VEAR) n/N* Response rate (%)t Bovs (%)
Africa Region
Algeria 2011 3436/3471 99.0 45.6
Botswana 2005 1369/1397 98.0 42.0
Ghana 2007 420074248 98.9 48.7
Kenya 2003 2863/2908 98.5 45.9
Mozambique 2015 636/650 97.8 49.4
Namibia 2013 1883/1928 97.7 41.4
Senegal 2005 2613/2654 98.5 54.5
Swaziland 2013 1297/1314 98.7 38.1
Tanzania 2014 2543/2570 98.9 44.2
Uganda 2003 1816/1890 96.1 46.9
Zambia 2004 1299/1334 97 .4 43.2
Zimbabwe 2003 3867/3883 99.6 40.5
European Region:
Macedonia 2007 1528/1545 98.9 49.0
American Region:
Argentina 2012 21177/21363 99.1 46.3
Barbados 2011 1485/1500 99.0 46.3
Belize 2011 1561/1590 98.2 46.7
Bolivia 2012 2752/2786 98.8 48.9
Cayman 2007 1135/1144 99.2 48.5
Bahamas 2013 1265/1303 97.1 45.8
Costa Rica 2009 2235/2259 98.9 47.3
Curagao 2015 1472/1487 99.0 46.6
Ecuador 2007 4438/4515 98.3 47.7
El Salvador 2013 1595/1607 99.3 52.0
Grenada 2008 1255/1298 96.7 42.6
Guatemala 2015 3483/3560 97.8 47.5
Guyana 2010 1949/1969 99.0 44.1
Honduras 2012 1455/1482 98.2 47.0
Peru 2010 2328/2357 98.8 48.1
Saint Kitts and Nevis 2011 1446/1470 98.4 43.2
Saint Lucia 2007 1058/1070 98.9 41.7
Saint Vincent and the Grenadines 2007 1154/1182 97.6 45.5
Trinidad and Tobago 2011 2289/2347 97.5 54.3
Uruguay 2012 2810/2857 98.4 47.0
Venezuela 2003 3919/3922 99.9 44.0
Eastern Mediterranean Region
Afghanistan 2014 1372/1412 97.2 36.2
Djibouti 2007 947/953 99.4 57.8
Egypt 2011 2241/2300 97 .4 45.1
Iraq 2012 1488/1518 98.0 55.0
Jordan 2007 1598/1641 97 .4 55.9
Kuwait 2015 1969/2014 97.8 44.8
Lebanon 2011 1945/1973 98.6 46.6
Libya 2007 1831/1862 98.3 41.8
Morocco 2010 2338/2385 98.0 49.6
Oman 2015 1611/1668 96.6 43.6
Pakistan 2011 4916/4975 98.8 74.7
Qatar 2011 1630/1707 95.5 43.9
Sudan 2012 1339/1378 97.2 35.6
Syrian Arab Republic 2010 2862/2901 98.7 40.0
Tunisia 2008 2502/2538 98.6 473
United Arab Emirates 2010 2268/2288 99.1 38.7
UNRWA 2010 9356/9395 99.6 44.9
Yemen 2008 852/874 97.5 57.9

DECEMBER 2020 ¢ VOL. 10 NO. 2 « 020436 4 www.jogh.org ® doi: 10.7189/jogh.10.020436



Hygiene practices among young adolescents in LMICs

Table 1. Continued

SURVEY (VEAR) n/N* Responise Rate (%)t Bovs (%)
Southeast Asia Region
Bangladesh 2014 271172748 98.7 38.2
India 2007 7215/7310 98.7 54.4
Indonesia 2015 8717/8788 99.2 46.1
Thailand 2015 4088/4120 99.2 46.6
Timor-Leste 2015 1599/1613 99.1 39.8
Western Pacific Region (é
Brunei Darussalam 2014 1809/1818 99.5 46.5 63
Cambodia 2013 1799/1812 99.3 43.5 %
China 2003 8328/8423 98.9 48.3 A
Cook 2015 361/364 99.2 47.5
Kiribati 2011 1321/1333 99.1 41.6
Laos 2015 1628/1639 99.3 41.5
Malaysia 2012 16189/16248 99.6 50.9
Mongolia 2013 3672/3699 99.3 47.3
Nauru 2011 349/352 99.1 42.6
Philippines 2015 6087/6155 98.9 43.4
Samoa 2011 2091/2169 96.4 38.7
Solomon 2011 901/919 98.0 48.6
Tokelau 2014 83/85 97.6 52.9
Tonga 2010 1892/1934 97.8 44.6
Tuvalu 2013 662/673 98.4 48.4
Vanuatu 2011 833/847 98.3 41.0
Vietnam 2013 1733/1740 99.6 46.4
‘Wallis and Futuna 2015 712/713 99.9 48.5
All:
Total - 181848/184265 98.7 46.9

*n refers to number of participants included in our analysis and N refers to the number of participants included in the GSHS.
TResponse rate is for the first three health habit questions. Data are for participants aged 12-15 y.

the toilet, and 9.0% (95% CI=6.2-11.8) for never washing hands with soap (Figure 2; Table S2-4 in the
Online Supplementary Document). The prevalence significantly varied among regions (all P-values for
heterogeneity <0.001). For all types of hand washing behaviours, the European region (which includ-
ed only one country, Macedonia) had the lowest prevalence of never washing hands, with prevalence of
2.1% for never washing hands both before eating and after using the toilet, and 3.8% for never wash-
ing hands with soap. The region with the highest prevalence of never washing hands before eating was
America (10%, 95% CI=8.3%-11.6%), and Africa had the highest prevalence of never washing hands
after using the toilet (8.7%, 95% CI=6.5%-10.9%) and never washing hands with soap (13.5%, 95%
CI=10.2%-16.8%). As shown in Figure 3, the countries with the highest and lowest prevalence of nev-
er washing hands before eating were Tuvalu (38.7%) and Laos (1.9%). Timor-Leste and Belize had the
highest and lowest prevalence for never washing hands after using the toilet (27.5% and 1.6%, respec-
tively) and Honduras and Lebanon had the highest and lowest prevalence for never washing hands with
soap (58.7% and 1.8%, respectively).

Oral hygiene among young adolescents in LMICs

For tooth brushing, the overall prevalence estimates were 8.6% (95% CI=5.5-11.7) for never brush-
ing teeth, 80.9% (95% Cl=74.7-87.1) for 1-3 times per day, and 9.7% (95% CI=5.8-13.6) for >3 times
per day. Significant differences in tooth brushing were found among the six WHO regions (all P-values
<.001). The European region had the highest prevalence of daily tooth brushing (90.9%), and the East-
ern Mediterranean region had the lowest (68.2%). At the country level, the highest and the lowest prev-
alence for daily tooth brushing were reported by students from Vietham (95.4%) and Nauru (52.6%). In
nine LMICs, mostly in the Eastern Mediterranean region, over 20% of students reported brushing their
teeth less than once per day.
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Figure 2. Prevalence of hand washing and tooth brushing in ado-
lescents aged 12-15 years among 75 low-income and middle-in-
come countries, 2003-2015.

(A) Rarely or never wash hands before eating

[ J21-57[ 158-92 [7193-12.9 M 13.0-20.c M 20.7-38.7

(B) Rarely or never wash hands after using toilet or latrine

[ 116-35[ 136-56[757-8.1 M 82-12.9 M 13.0-17.9

(C) Rarely or never wash hands with soap

[ ]18-56[ 157-102 [71103-15.3 [ 15.4 - 21.c 1 21.7 - 58.7

(D) Rarely or never brush teeth

[ 11.6-50["151-10.2 [0 103 - 16.2 I 16.3 - 25.5 [ 25.6 - 37.8

Figure 3. Prevalence of hand washing and tooth brushing in ad-
olescents aged 12-15 years by countries, 2003-2015. Panel A.
Rarely or never wash hands before eating. Panel B. Rarely or
never wash hands after using toilet or latrine. Panel C. Rarely
or never wash hands with soap. Panel D. Rarely or never brush
teeth.
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Predicted Probility
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Stratified analyses

== Rarely or never wash hands before eating
== Rarely or never wash hands after using toilet
= Rarely or never wash hands with soap

Stratified analyses indicated that the prevalence of
both never washing hands and never brushing teeth
did not differ among gender, age and BMI strata (P
range from 0.053 to 1.000; see Table S2-7 in the
Online Supplementary Document). As shown in
Figure 4, logistic analyses across time frames in-
dicated significant trends of increasing prevalence
for never washing hands before eating (P trends
<0.001), and decreasing prevalence for never wash-
ing hands using soap (P trends <0.001).

DISCUSSION
2003 2005 2007 2009 2011 2013 2015
Year Although the overall prevalence of washing hands
Figure 4. Trends of prevalence of hand washing in adolescents aged 12- before eating, after using the toilet and with soap
15 years from 2003 to 2015. at least once per day, as well as daily tooth brush-

ing, was generally high among LMICs, irrespec-
tive of age, gender or BMI (all prevalence >90%), hygiene practices were still poor in several LMICs.
For example, 38.7% of students in Tuvalu never or rarely washed their hands before eating, 27.5% of
students in Timor-Leste never or rarely washed their hands after using the toilet, 58.7% of students
in Honduras never or rarely washed their hands with soap, and 37.8% of students in Egypt brushed
their teeth less than once per day. From 2003 to 2015, washing hands with soap showed a significant
increasing trend, whereas washing hands before eating showed a decreasing trend.

Currently, studies of hygiene practices among young adolescents mostly focus on oral hygiene [18-20]
and at the country level [19,21-23], and the global extent and prevalence of hygiene practices (espe-
cially hand hygiene) among adolescents is poorly described. In 2015, McKittrick et al [21] reported
that the prevalence of infrequent tooth brushing and hand washing among 33 174 students aged 13-15
years in 15 Latin American and Caribbean countries that participated in the GSHS ranged from 2% to
9%. A study that focused on Iran found that 67.21% of children and adolescents reported daily tooth
brushing, and prevalence for washing hands before eating, after using the toilet and with soap ranged
from 50.32% to 85.61% [22]. Toothbrushing frequency is similarly high among young adolescents in
LIMCs and high-income countries [20], however, a meta-analysis including 42 studies suggested that
frequency of handwashing with soap was about 30% higher in high-income countries comparing to
LIMCs [24]. Similar to a previous study [20], our study found that estimates differed greatly among
countries. The prevalence of hygiene practices varies worldwide, depending on many variables includ-
ing economic status, urbanisation and parents’ education levels. Therefore, it is of utmost importance
to develop health and other youth-centric services, as well as disease prevention and intervention pro-
grammes, that are tailored to different LMICs.

Despite the fact that the overall prevalence of hand washing was overall generally high, several LMICs
(eg, Tuvalu, Timor-Leste, and Kiribati) showed a high prevalence of infrequent hand washing. In
those LMICs, dirty latrines, a lack of toilet paper, overcrowding and the availability and accessibili-
ty of water and sanitation facilities in schools are all challenges faced by school staff trying to teach
fundamental health behaviours to children [8]. Moreover, hand washing may require infrastructur-
al, cultural and behavioural changes, which take time to develop and require substantial resources
[25,26]. Children and adolescents are at risk of multiple infectious diseases when basic hygiene and
hand washing habits are inadequate [4,6,27]. For example, Shigella, one of the common pathogens
associated with childhood diarrhoea, led to 569 737 deaths of children and adolescents worldwide
in 2015 [1,27,28], and there is no vaccine to prevent it [28]. However, the spread of shigellosis from
an infected person to others can be stopped by frequent and careful hand washing with soap [27]. A
recent meta-analysis [29] of nine community-based trials in LMICs (15303 participants) found that
promoting hand washing prevented 36% of diarrhoea cases. Frequent and careful hand washing is
important among all age groups, and supervised handwashing of all children and adolescents should
be followed in day care centers, schools and homes, especially in those LMICs with the highest prev-
alence of infrequent hand washing.
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Dental caries is increasing in developing countries, and if untreated it can affect children’s quality of life
[22]. In 2015, Kassebaum et al. [30] reported that around 621 million children suffered from untreated
caries in deciduous teeth. Caries can alter children’s eating and sleeping habits, dietary intake and metabol-
ic processes, and might affect school attendance, growth and weight gain [31]. Twice-daily tooth brushing
with fluoride-containing toothpaste should be encouraged. Long-term exposure to an optimal level (1000
to 1500 ppm) of fluoride results in a substantially lower incidence and prevalence of tooth decay across
all ages [11]. An increased frequency of daily tooth brushing was also associated with a decreased risk of
tooth plaque, gingivitis and caries [32]. Thus, tooth brushing is an effective way to prevent oral diseases.

In this study, the minority (<10%) of participating students reported never brushing their teeth, which
is consistent with previous studies of adolescent oral hygiene practices in LMICs [20,21]. However, a se-
rious oral hygiene problem was also observed, less than 70% of participating students reported brush-
ing their teeth more than once a day, which could reduce its ability to prevent oral diseases. Moreover, in
eight LMICs in the Eastern Mediterranean region, over 20% of students reported brushing their teeth less
than once per day. This high prevalence of infrequent brushing might be explained by the use of chewing
sticks in Arab cultures, leading to a misinterpretation of the question about ‘brushing or cleaning’ teeth
[20]. Based on 32 countries, Maes et al. [18] found that poor family affluence was clearly related with a
low prevalence of tooth brushing. Children and adolescents in LMICs, compared to those in high-income
countries, may have limited access to a variety of options for oral health promotion (eg, community wa-
ter fluoridation, routine dental sealants) [33,34]. It has been documented that children and adolescents
who have early-established oral health practices are more likely than others to maintain these healthy be-
haviours in adulthood [35,36], minimising their risks of reduced quality of life through pain and tooth
loss [37], and reducing the burden of chronic diseases. Therefore, it is especially important that children
and adolescents in LMICs develop good oral hygiene practices to prevent oral diseases early in life.

Global reductions in disease burden, improvements in living conditions, dietary transition and lifestyle
changes make the sustainable development targets related to health in LMICs increasingly complex. The
world has a larger cohort of adolescents and young people today (just under 2 billion, aged 10-24 years)
than ever before, of whom 88% live in low-income and middle-income countries [38]. It is clear that
improving adolescent health at the hygiene level is an essential and cost-effective investment worldwide.
However, the state of knowledge of adolescent health outside high-income countries is restricted, and the
information needed to develop effective interventions is commonly unavailable [39]. Currently, school
oral health interventions are mostly implemented in primary schools, which is in line with the Health
Promoting School concept [25]. As opportunities for school-based oral health interventions can be limit-
ed in LMICs, the establishment of prevention-oriented community health programmes is also important.
For hand hygiene, the WHO suggests that everyone over 6 months of age washes their hands frequent-
ly and practices good personal hygiene during food handling and preparation activities, and notes that
persons with diarrhoea, especially children, should wash their hands after using the toilet [27]. Tooth-
brushing is considered a prerequisite for maintaining good oral health, but some study also suggested
that excessive hygiene might be harmful. For example, toothbrushing also has the potential to have an
impact on tooth wear, particularly with regard to dental erosion [40]. In addition, our findings highlight
the importance of understanding sustainable development goals (SDG) related to malaria, access to safe
water, sanitation and hygiene.

The main strength of our study is its large and nationally representative sample of adolescents, with as-
sessment of hygiene patterns in most countries using standardised and well-validated questionnaires
[41,42]. However, several limitations should also be considered. First, the GSHS is a self-report survey
administered in school settings across countries, which can be subject to recall bias and problems of un-
derstanding of the questions. Additionally, different cultural factors in LMICs can results in different pat-
terns of hygienic practices, which can in turn affect self-reporting about prevalence of hygienic practices,
a further potential bias in data across countries. In Arab cultures, ‘tooth brushing or cleaning’ may intro-
duce ambiguity about chewing sticks being a form of tooth cleaning [20]. Second, we observed substan-
tial heterogeneity in the prevalence of hygienic practices across regions, which were not fully explained
by major study characteristics. Therefore, overall and regional estimates must be interpreted cautiously.
Third, estimates are representative at the country level, but we lack additional variables to perform sub-
analyses by setting (urban vs rural), social economic status or health literacy education. Fourth, GSHS data
was collected between a fairly long period of time (2003-2015) and direct comparison between countries
should be made with caution. However, most of the surveys (54 of 75) in our study were conducted be-
tween a narrow time interval (2009-15).
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CONCLUSION

The findings of this population-based study suggest that although hygiene practices are generally high
in most LMICs, they remain poor in several LMICs. Increasing trends of poor hygiene practices was also
observed, which emphasises the need for hygiene and health education targeting young adolescents in
LMICs.
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