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ARTICLE INFO ABSTRACT

Keywords: Little has been reported about hardening nor softening indicators in Africa where smoking prevalence is low. We
Smokers aimed to examine the determinants of hardening in nine African countries. We conducted two separate analyses
Hardening hypothesis using data from the most recent Global Adult Tobacco Survey in Botswana, Cameroon, Egypt, Ethiopia, Kenya,
Z(;f;%:mg Nigeria, Senegal, Tanzania, and Uganda (total sample of 72,813 respondents): 1) multilevel logistic regression
Africa analysis to assess individual and country-level factors associated with hardcore, high dependence, and light

smoking.; 2) a Spearman-rank correlation analysis to describe the association between daily smoking and
hardcore, high dependence, and light smoking at an ecological level. Age-standardized daily smoking prevalence
varied from 37.3% (95 %CI: 34.4, 40.3) (Egypt) to 6.1% (95 %CIL: 3.5, 6.3) (Nigeria) among men; and 2.3% (95 %
CIL 0.7, 3.9) (Botswana) to 0.3% (95 %CI: 0.2, 0.7) (Senegal) among women. The proportion of hardcore and
high-dependence smokers was higher among men whereas for light smokers the proportion was higher among
women. At the individual level, higher age and lower education groups had higher odds of being hardcore
smokers and having high dependence. Smoke-free home policies showed decreased odds of both being hardcore
and highly dependent smokers daily smoking correlated weakly and negatively with hardcore smoking (r =
—0.243, 95 %CI: —0.781, 0.502) among men and negatively with high dependence (r = —0.546, 95 %CI: —0.888,
0.185) and positively with light smokers (r = 0.252, 95 %CIL: —0.495, 0.785) among women. Hardening de-
terminants varied between the countries in the African region. Wide sex differentials and social inequalities in
heavy smoking do exist and should be tackled.

Multilevel analysis
Ecological analysis

1. Introduction

Implementation of comprehensive tobacco control policies (World
Health Organization, 2003) has resulted in a decline in tobacco use
mostly in high-income countries (HICs) (Bilano et al., 2015; Feliu et al.,
2019a; Flor et al., 2021). However, as the smoking prevalence declines,
it has been suggested that the population of smokers becomes more
‘hardened’ (DiFranza, 1989) since the remaining smokers are more
addicted and less able or motivated to quit (Docherty and McNeill,
2012). The ‘hardened smokers’ seem to pose a challenge to further
decline in smoking prevalence (Darville and Hahn, 2014) but this hy-
pothesis has been thrown into question in the last years (Fagerstrom and
Furberg, 2008).

* Corresponding authors.

Studies from HICs have tested the ‘hardening hypothesis’ by exam-
ining the changes in the smoking prevalence over time using serial
survey data (Azagba, 2015; Bommele et al., 2016; Edwards et al., 2017;
Feliu et al., 2019b; Kang et al., 2017; Mathews et al., 2010) with
different results and critics against the hardening theory argue that by
using different available variables in survey data, researchers have re-
ported different definitions for the term ‘hardcore smoker’ which by
itself is misleading, scientifically incorrect, and even stigmatizing (West
and Jarvis, 2018). While smoking prevalence in HICs continues to
decline through the implementation of comprehensive tobacco control
policies (Flor et al., 2021), low-and middle-income countries (LMICs)
still have relatively higher smoking prevalence and a less comprehensive
and relatively weaker tobacco control environment (West, 2006).
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Most African countries, specially Sub-Saharan ones, are still in an
early stage of tobacco epidemic (Lopez et al., 1994), though experts
project that tobacco consumption in African countries may experience a
large increase in the upcoming decade (Bilano et al., 2015). Available
data shows that smoking prevalence is still low, particularly among
women, in most countries albeit a few exceptions (Sreeramareddy et al.,
2014), and has even declined in some countries in the last two decades
(Sreeramareddy and Acharya, 2021). However, little evidence is avail-
able about the hardcore and light smoking (smokes <5 cigarettes per
day) in Africa. Hence, this study aims to estimate prevalence of hardcore
smoking and light smoking in nine African countries, and to analyze the
determinants of hardcore and light smoking considering both individual
and contextual country-level characteristics.

2. Methods

We conducted secondary data analyses of the Global Adult Tobacco
Survey (GATS) in nine African countries (Botswana, year 2017;
Cameroon, year 2013; Egypt, year 2009; Ethiopia, year 2016; Kenya,
year 2014; Nigeria, year 2012; Senegal, year 2015; Tanzania, year 2018;
and Uganda, year 2013), by performing individual and ecological cross-
sectional analyses. The total survey sample was 72,813 individuals.
Country-wise sample sizes and overall response rates were Botswana,
4,643, 80.0%; Cameroon, 5,271, 94.1%; Egypt, 20,924 97.3%; Ethiopia
10,150, 93.4%; Kenya, 4,408, 87.1%; Nigeria, 9,765, 89.1%; Senegal,
4,416, 98.5%; Tanzania, 4,797 91.7% %; and Uganda, 8,508, 86.6 %.

2.1. Data source

We used GATS data available publicly at https://nced.cde.gov/gt
ssdata/Ancillary/DataReports. Briefly, GATS is a series of nationally
representative, cross-sectional household surveys conducted for global
tobacco surveillance systems to monitor tobacco use patterns adults.
GATS collects information about tobacco use behaviors among civilian,
non-institutionalized persons who are aged > 15 years using a stan-
dardized core questionnaire to enable cross-country comparisons. The
residents of all regions are included in the sampling frame. The survey
sample is selected by a stratified multi-stage probability sampling
technique. In each selected geographic unit, the households are
randomly selected. One adult aged > 18 years responds to the household
questionnaire and listed all household members aged > 15 years. All
adults > 15 and older are rostered but only one household member was
randomly selected and interviewed with a handheld device. The
implementing agencies n each country adapted the core questionnaire to
suit the country context and types of tobacco products consumed. More
details about survey questionnaire, methods are reported elsewhere
(Palipudi et al., 2016).

2.2. Outcome variables

The respondents were asked “Do you currently smoke tobacco on a
daily basis, less than daily, or not at all?” Those who replied as ‘daily” were
defined as daily current smokers. We used the question “On average, how
many of the following products do you currently smoke each day?” to
compute cigarettes per day (CPD). The total number of CPD was ob-
tained by adding up the reported numbers for each type of smoking
tobacco products. Light smokers were those who smoked less than five
CPD (Feliu et al., 2019b). Current smokers were also asked “How soon
after you wake up do you usually have your first smoke?”, “During the past
12 months, have you tried to stop smoking?” and “Which of the following
best describes your thinking about quitting smoking?”.

Hardcore smokers were defined as: 1) a current daily smoker; 2) who
smokes 10 or more CPD; 3) who reported having his/her first cigarette
within 30 min after waking up; 4) who has not made any quit attempts
during 12 months prior to the date surveyed; and 5) who has no inten-
tion to quit smoking at all or during the next 12 months (Sreeramareddy,
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2021; Sreeramareddy et al., 2018).

As there is no universally accepted definition of hardcore smokers,
we have also used nicotine high dependence as a main dependent variable.
Heaviness of Smoking Index (HSI) is dependencies sum of responses to,
two questions (Chabrol et al., 2005; Heatherton et al., 1989): time to
first cigarette in the morning (3, 2, 1, or 0 points) and number of ciga-
rettes per day smoked (0, 1, 2, or 3 points). Based HSI score nicotine
dependence was categorized as low (0-1), medium (2-4) and high (5-6).

2.3. Independent variables

We also used information about sex (men, women), age (<25, 25-35,
36-45, >45 years old), occupation (government employee, non-
government employee, self-employed, student or housewife, and un-
employed or retired), education level (no education, primary school,
secondary school, high school, college, or university), smoking rules at
home (never allowed, not allowed with exceptions, no rules), the
Household Wealth Index (HWI) and a knowledge score about health
effects of cigarette smoking. To compute the HWI a list of household
assets was gathered asking “please tell me whether this household or any
person who lives in the household has the following items?”. The scores are
divided into quintiles from 1 [poorest] to 5 [richest] based on the
principal component analyses of household assets (Vyas and Kumar-
anayake, 2006). The knowledge score about health effects of cigarette
smoking was computed as the sum of scores given to four questions
about health effects of cigarette smoking i.e., “based on what you know or
believe, does smoking tobacco causes, 1) serious illness, 2) stroke, 3) heart
attack, and 4) lung cancer”. The response ‘yes’ was scored ‘1’ and ‘no’ or
‘don’t know’ as ‘0’.

2.4. Statistical analyses

We calculated weighted and age-standardized prevalence estimates
(and the corresponding 95% confidence intervals [CI]) of daily smoking
and the proportions of hardcore, high dependence (HSI score 5-6), and
light smoking (among daily smokers) for each country by means of the
direct method of standardization using the World Health Organization
(WHO) world standard population (https://www.who.int/health
info/paper31.pdf). For prevalence rates (and 95% CI estimates)
derived from low frequencies (as observed for women) we used the
Wilson ‘score’ method using asymptotic variance (Newcombe, 1998).
According to Lopez’s revised tobacco epidemic model most African
nations are in stage 3 (Thun et al., 2012). As there is a very wide gap
between smoking rates between men (higher) and women (lower), we
conducted sex-specific analyses.

We conducted a logistic regression analysis with the individual data
to assess the association (odds ratio [OR] and 95 %CI) of being a
hardcore or a light smoker (dependent variable) with the country, age,
occupation, education level, smoking rules at home, the HWI and the
knowledge score about health effects of cigarette smoking (independent
variables). In a separate model, we used country as independent vari-
able. We also fitted multilevel logistic regression models to assess the
influence of some contextual factors (e.g.: Gross Domestic Product). We
used Akaike and Bayesian information criteria to determine the optimal
specification of the logistic regression model. All analysis were stratified
by sex.

Finally, we conducted an ecological analysis with the country as the
unit of analysis. We assessed the association of daily smoking prevalence
with the proportions of hardcore, high dependence, or light smokers
among of daily smokers. We conducted an analysis in the total popula-
tion, and by sex, by means of scatter plots and Spearman rank correla-
tion coefficients (rsp) with the corresponding 95 %CI. All the statistical
analyses were performed on Stata MP 11.
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3. Results

Sex-wise distribution was nearly the same [male: 34,321 (47.1%)
and female: 38,492 (52.9%)]. Mean age was 36.8 years (SD = 15.8). The
distribution of survey sample by raw and weighted numbers (%) are
shown in Table S1. About two thirds of the survey participants were
aged between 15 and 35 years. The main occupation during the previous
year was non-governmental employees (29%), self-employed (26%) and
student/housewife (23%). About a quarter had not received any formal
education and 56% had received primary/secondary education only.
Distribution of survey respondents by HWI was nearly equitable and in
60% of the household smoking inside was ‘not allowed’.

Age-standardized prevalence estimates of daily smoking varied be-
tween the nine countries, from among men 37.3% (95 % CI: 34.4, 40.3)
in Egypt to 6.1% (95 % CI: 3.5, 6.3) in Nigeria; and 2.3% (95 % CI: 0.7,
3.9) in Botswana to 0.3% (95 % CI: —0.1, 0.8) in Senegal among women,
displaying very wide differences in daily smoking by sex. Moreover, the
proportion of those daily smokers who were hardcore smokers ranged
from 22.3% (95% CI: 5.8, 38.8) in Ethiopia to 7.4% (95 % CIL: 5.1, 10.4)
in Botswana among men; and 14.7% (95% CI: 4.7, 44.8) in Nigeria to
1.2% (95% CI: 1.2, 43.5) in Senegal among women. The proportion of
hardcore smokers among daily smokers was relatively lesser among
women than men except in Nigeria (men: 11.9% vs. women: 14.7%).
The highest proportion of high dependence among men daily smokers
was in Ethiopia (24.3%; 95 % CI: 6.7, 41.8), and among women in
Nigeria (30.9; 95 % CI: 13.8, 60.9). Except Nigeria (men: 11.9 % vs.
women: 30.9 %) and Senegal (men: 11.0% vs. women: 20.3%) the
proportion of high dependence was lower among women than men.
Finally, the proportion of light smokers ranged from 45.5% (95 % CI:
25.5, 65.4) in Tanzania to 15.8% (95 % CI: 11.8, 19.8) in Egypt among
men; and 68.8% (95 % CI: 26.4, 79.8) in Uganda to 25.2% (95 % CI: 2.0,
48.4) in Ethiopia among women. The proportion of light smokers among
daily smokers was significantly higher among women in Cameroon,
Egypt, Ethiopia, Kenya, and Uganda, while it was nearly same in the
other countries (Table 1).

As shown in Fig. 1, with Cameroon as the reference country, the odds
ratio of hardcore smoking among men were lower in Botswana (OR =
0.37,95 % CI: 0.17, 0.80) and Senegal (OR = 0.41, 95 % CI: 0.20, 0.85).
The odds ratios of high dependence smoking (HSI 5-6) were not
significantly different across countries, except for Ethiopia that showed
the highest odds ratio of high dependence smoking (OR = 2.58, 95 % CI:

Table 1
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1.18, 5.63). Finally, the odds ratio of light smoking was lower in Egypt
(OR =0.51, 95 % CI: 0.35, 0.74) and higher in Uganda (OR = 2.12, 95 %
CI: 1.41, 3.18) (Fig. 1).

In the pooled sample the proportions of hardcore, high dependence
and light smokers showed some differences by sex (Table S1). The
proportions of hardcore, high dependence and light smokers by age,
occupation, and HWI were similar. However, the proportions of hard-
core, high dependence, and light smoking were higher in poorest,
poorer, and middle wealth groups compared to richer and richest ones.
More than half of the hardcore, high dependence, and light smokers
were from households where smoking was allowed (Table S1).

Factors associated with hardcore smoker, high dependence smoker,
and light smoker among men are shown in Table 2. Among men,
hardcore smoking was associated with higher age, non-governmental
employment, primary education, and smoking rules at home. Men
aged 36-45 years and men educated up to primary school were 1.6 times
more likely (aOR: 1.58; 95% CI: 1.11, 2.24) and 1.4 times (aOR: 1.41; 95
% CI: 1.08, 2.01) of being a hardcore smoker compared to those aged
15-25 years and uneducated, respectively. In contrast, men who were
nongovernmental employees were 0.7 times less likely of being hardcore
smoker (aOR: 0.69; 95% CIL: 0.52, 0.92) compared to men who were
government employees. High-dependence smoking was associated with
being a student, having primary education, and smoking rules at home.
Being a student was associated with being a high dependent smoker
(aOR: 2.05; 95% CI: 1.09, 3.86) compared to government employees;
and those with primary school education was associated with being a
high-dependent smoker (aOR: 1.84; 95% CI: 1.31, 2.59). Finally, light
smoking was associated with being s a non-government employee stu-
dent and having an education up to college/university. Non-
governmental employees and students had about 1.6 times and 1.8
times higher odds of being light smoker (aOR: 1.59; 95% CI: 1.21, 2.01
and aOR: 1.78; 95% CI: 1.06, 2.98, respectively) than those working in
services. However, men educated up to college/university had 0.58
times lower odds of being light smoker (aOR: 0.58; 95% CI: 0.42, 0.82)
than uneducated men. Notably, men from houses where smoking was
‘never allowed’ less likely of being hardcore (aOR: 0.42; 95% CI: 0.28,
0.63) and high dependent smokers (aOR: 0.61; 95% CI: 0.43, 0.88),
respectively, compared to men from houses where smoking was
‘allowed’. Similarly, men in houses where smoking was ‘never allowed’
were more likely light smokers (aOR: 2.22; 95% CI: 1.69, 2.91)
compared to their counterparts from houses where smoking was

Weighted and age-standardized prevalence estimates and 95% confidence interval (CI) of daily smoking, hardcore smoking, high dependence smoking, and light

smoking among current smokers in 9 African countries by sex.

Men Women

Daily Hardcore High dependence  Light Daily Hardcore smoking  High Light

smoking smoking smoking smoking dependence smoking
Weighted estimates (% and 95 %CI)
Cameroon 9.1 (7.5, 10.7) 17.3(10.8,23.7) 11.2(5.3,17.2) 26.9 (20.9,33.0) 0.5(0.2,0.7) 21.8 (6.2, 41.0) 6.8 (10.4, 27.0) 67.5 (40.9, 94.0)
Egypt 35.8(34.6,37.1) 17.8(16.1,19.6)  10.1 (8.9, 11.3) 17.1 (15.4,18.9) 0.5(0.2,0.7)  10.1 (0.5, 19.7) 5.7 (4.1, 20.0) 61.1 (46.5, 75.8)
Ethiopia 5.2 (3.8, 6.7) 18.3 (11.3, 25.3) 26.5(17.2, 5.9) 25.3 (14.2, 36.5) 1.1 (0.0, 2.3) 1.9 (7.9, 19.9) 5.1 (12.0, 25.0) 26.2 (19.3, 33.1)
Kenya 11.6 (9.0, 14.2) 17.3 (10.5, 24.2)  17.2 (9.6, 24.7) 27.6 (18.9,36.3) 0.6 (0.1,1.1) 2.1 (0.9, 23.0) 1.6 (2.8, 30.0) 55.6 (15.2, 96.1)
Nigeria 5.6 (4.6, 6.5) 14.6 (7.6, 21.5) 9.8 (3.9, 15.6) 30.4 (23.5,37.3) 0.3(0.1,0.5) 15.1 (4.7, 44.8) 29.0 (2.1, 55.8) 27.4 (1.0, 53.7)
Senegal 9.7 (8.1,11.4) 8.9 (4.3,13.4) 9.7 (5.8, 13.6) 31.1 (23.7, 38.4) 0.3 (0.1, 0.6) 2.4 (2.0, 44.0) 14.0 (2.0, 44.0) 45.4 (4.1, 86.7)
Uganda 8.7 (7.4, 9.9) 11.9 (7.4, 16.4) 8.5 (4.7,12.3) 44.6 (38.0,51.2) 1.3(0.9,1.7) 4.7 (1.5,11.7) 1.1 (2.5,7.6) 70.7 (56.7, 84.8)
Botswana 18.2(15.8,20.6) 6.8 (3.3,10.4) 14.7 (9.2, 20.2) 37.3(30.5,44.2) 2.2(1.5,29) 9.8(1.3,18.3) 8.7 (0.3, 7.6) 56.4 (40.5, 72.3)
Tanzania 9.9 (8.3,11.5) 10.3 (5.3,15.2) 8.6 (3.9, 13.3) 39.8 (31.4, 48.3) 0.9 (0.4, 1.4) 3.7 (0.8, 21.0) 6.1 (2.4, 26.8) 59.5 (36.4, 82.7
Age-standardized estimates (% and 95 %CI)
Cameroon  10.3 (6.5, 14.0) 19.1 (2.9, 35.3) 9.3 (5.5,12) 29.4 (12.9, 46.0) 0.6 (0.4,1.1)  16.0 (6.2, 41.0) 5.5 (1.1, 26.9) 36.9 (2.4, 49.3)
Egypt 37.3(34.4,40.3) 17.6 (13.7,21.4)  10.0 (7.1, 12.9) 15.8(11.8,19.8) 0.6(0.1,1.0) 11.6 (4.1, 20.3) 8.7 (3.0, 18.2) 61.9 (28.4, 95.4)
Ethiopia 6.3 (2.9,9.6) 22.3 (5.8, 38.8) 24.3 (6.7, 41.8) 25.6 (5.6, 45.6) 1.3 (0.0, 2.6) 4.0 (0.0, 19.9) 5.3 (1.2, 25.9) 25.2 (2.0, 48.4)
Kenya 14.1 (8.1, 20.1) 13.7 (3.0, 24.3) 15.1 (1.3, 28.9) 23.9 (7.1, 40.8) 0.8(1.8,2.6) 2.73(0.9, 23.6) 2.2 (0.2, 30) 73.5 (12.3, 53.7)
Nigeria 6.1 (3.5,8.7) 11.9 (0.9, 23.0) 10.7 (5.9, 12.0) 27.4 (10.6,44.3) 0.4 (0.2,0.5) 14.7 (4.7, 44.8) 30.9 (13.8,60.9)  27.1(13.8,60.1)
Senegal 10.5 (6.6, 14.3) 11.0 (5.8,13.1) 10.7 (7.6, 15.6) 28.8 (9.1, 48.6) 0.3(0.2,0.7) 1.2 (1.2, 43.5) 20.3 (2.0, 43.5) 33.8 (13.860.9)
Uganda 10.8 (7.3, 14.4) 12.2 (1.2, 23.2) 11.7 (6.0, 11.6) 45.1 (27.9,62.3) 1.9(0.7,3.1) 251.511.7) 0.5 (0.3, 7.6) 68.8 (26.4, 79.8)
Botswana 18.5(12.7,24.3) 7.4(5.1,10.4) 16.9 (2.2, 31.6) 34.4(17.6,51.2)  2.3(0.7,3.9) 9.2 (5,19.5) 11.0 (4.6, 22.6) 28.8 (47.6 70.2)
Tanzania 11.6 (7.8,15.4) 7.6 (0.8, 14.4) 6.5 (6.9, 14.5) 45.5(25.5,65.4) 1.3(0.7,1.5) 2.8(1.8,7.4) 6.9 (2.8, 30.1) 47.0 (3.0, 59.6)
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Odds Ratio
A Hardcore smoking (95% Cl)
Botswana —o— 0.37 (0.17, 0.80)
Egypt e 0.85 (0.53, 1.37)
Ethiopia —e 0.76 (0.39, 1.49)
Kenya —{-4— 0.90 (0.48, 1.69)
Nigeria ——— 0.64 (0.25, 1.64)
Senegal ——— 0.41 (0.20, 0.85)
Tanzania —4—— 0.63 (0.31, 1.28)
Uganda —— 0.53 (0.29, 0.97)
Overall (I-squared = 0.0%, p = 0.482) @ 0.65 (0.51, 0.81)
T T T
.01 A 1 10
Odds Ratio
B High dependence smoking (95% ClI)
Botswana —— 1.20 (0.54, 2.66)
Egypt —~—r 0.72(0.39, 1.33)
Ethiopia —— 2.58 (1.18, 5.63)
Kenya __._ 1.61 (0.73, 3.55)
Nigeria —.-_ 0.69 (0.29, 1.66)
Senegal —-:—— 0.98 (0.45, 2.13)
Tanzania —— 1.01 (0.43, 2.38)
Uganda — 0.62 (0.28, 1.39)
Overall (I-squared = 32.1%, p = 0.171) > 1.05 (0.75, 1.46)
T T T
.01 A 1 10
Odds Ratio
C Light smoking (95% Cl)
Botswana —— 1.04 (0.63, 1.71)
Egypt —— 0.51(0.35, 0.74)
Ethiopia — 0.99 (0.57, 1.73)
Kenya —Ov— 0.92 (0.56, 1.51)
Nigeria —— 1.13 (0.65, 1.97)
Senegal —-"— 1.05 (0.65, 1.70)
Tanzania L 1.35(0.81, 2.26)
Uganda —— 2.12 (1.41,3.18)
Overall (I-squared = 74.6%, p = 0.000) > 1.06 (0.76, 1.48)
T T T
.01 A 1 10

Fig. 1. Odds ratio (OR) and 95% confidence interval (CI) of being a hardcore (panel A), a high dependent (panel B), a light smoker (panel C) or a light smoker by
country.* Footnote: *OR and 95%CI derived from logistic regression models adjusted for age, occupation, education level, smoking rules at home, knowledge score

about health effects of cigarette smoking.

allowed. Among women (Supplementary Table 2), None of the factors
were associated with hardcore smoking. Occupation i.e. being self-
employed (aOR: 28.2; 95 % CI: 2.91, 74.00) and housewife (aOR:
8.00; 95 % CI: 1.17, 54.89 for housewives), education (aOR: 0.01; 95 %
CI: 0.00, 0.20 for high school), smoking rules at home (aOR; 3.85; 95 %
CI: 1.02, 14.50 for never allowed), HWI (aOR; 0.04; 95 % CI: 0.01, 0.29
for the richest) and knowledge score (aOR; 1.76; 95 % CI: 1.11, 2.80)
were associated with high dependence. Occupation i.e., being self-
employed (aOR; 0.09; 95 % CI: 0.02, 0.39) and smoking rules at home
(aOR; 0.27; 95 % CI: 0.09, 0.81 for no rules) were associated with light
smoking.

At an ecological level, we explored the association between the
prevalence of hardcore, high dependence and light smoking as a pro-
portion of daily smokers and the smoking prevalence in each country.
Daily smoking among both men (r = —0.243, 95% CI: —0.781 to 0.502)
and women (r = -0.294, 95% CI: —0.802 to 0.460) correlated weakly
and negatively with hardcore smoking suggesting that a low smoking
prevalence would be associated with a high proportion of hardcore
smokers. Among men, no association was found between daily smoking
and proportion of high dependence nor light smoking. However, among
women daily smoking was negatively correlated with high dependence
(r = —0.546, 95% CL: —0.888 to 0.185) and positively with light
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Table 2

Adjusted odds ratios (aOR) and 95% confidence interval (CI) of being a hardcore
smoker, a high dependent smoker, and a light smoker among men in 9 African
countries.

Hardcore High dependence  Light smoking
smoking (N = smoking (N = 6546)
6546)
(N = 6526)
aOR* (95% CI) aOR* (95% CI) aOR* (95% CI)
Age group (years)
<25 1 1 1
25-35 1.20 (0.83, 1.73) 1.24 (0.79, 1.93) 1.28 (0.84,
1.95)
36-45 1.58 (1.11, 2.24) 1.68 (1.09, 2.60) 1.31 (0.82,
2.08)
>45 1.41 (0.98, 2.02) 1.09 (0.69, 1.74) 1.68 (1.01,
2.79)
Occupation
Government 1 1 1
employee
Non-government 0.69 (0.52, 0.92) 1.00 (0.74, 1.34) 1.59 (1.21,

employee 2.09)

Self-employed 1.00 (0.52, 1.94) 1.56 (0.80, 3.07) 1.57 (0.99,
2.48)
Student 1.21 (0.66, 2.22) 2.05 (1.09, 3.86) 1.78 (1.06,
2.98)
Unemployed or 0.82 (0.57, 1.19) 1.25 (0.85, 1.85) 1.00 (0.72,
retired 1.39)
Education
No education 1 1 1
Primary school 1.47 (1.08, 2.01) 1.84 (1.31, 2.59) 0.88 (0.67,
1.15)
Secondary school 1.08 (0.76, 1.52) 0.90 (0.60, 1.34) 0.74 (0.53,
1.04)
High school 1.17 (0.72, 1.89) 1.26 (0.77, 2.07) 0.66 (0.27,
1.61)
College or 1.17 (0.86, 1.60) 1.25(0.86, 1.84) 0.58 (0.42,
university 0.82)
Smoking rules at
home
Allowed 1 1 1
Not allowed with 0.88 (0.61, 1.25) 0.76 (0.52, 1.12) 1.37 (1.00,

exceptions 1.86)

Never allowed 0.42 (0.28, 0.63) 0.61 (0.43, 0.88) 2.22 (1.69,
2.91)

No rules 0.86 (0.56, 1.32) 1.33 (0.82, 2.16) 1.25 (0.86,
1.81)

Household

wealth index

Poorest 1 1 1

Poorer 1.07 (0.81, 1.41) 1.10 (0.77, 1.58) 0.80 (0.61,
1.04)

Middle 0.91 (0.65, 1.26) 0.96 (0.67, 1.38) 1.02 (0.74,
1.40)

Richer 1.18 (0.74, 1.88) 0.96 (0.60, 1.53) 0.78 (0.53,
1.15)

Richest 0.84 (0.58, 1.20) 1.05 (0.67, 1.64) 1.01 (0.72,
1.42)

Knowledge score
(cont.)

1.04 (0.92,1.17) 1.04 (0.89, 1.21) 1.0 (0.90, 1.10)

*Adjusted odds ratios derived from multiple logistic regression models adjusted
for all the variables in the table and country.

smoking (r = 0.252, 95% CI: —0.495 to 0.785) suggesting that a low
smoking prevalence would be associated with a low proportion of high
dependent smokers and a high proportion of light smoker.

4. Discussion
4.1. Main results

Nationally representative survey data from nine African countries
showed differences in daily smoking rates across countries and wide sex-
differences within each country. Sex-specific analyses revealed that
among daily smokers, proportions of hardcore and high dependence
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smokers were higher among men while light smoker was higher among
women in all countries. Men aged 36 to 45 years old and educated up to
primary school had higher odds of being hardcore and high dependence
smokers while men aged > 45 years had higher odds of being light
smoker. Men living in ‘smoke-free’ homes had lower odds of hardcore
and high dependence smoking, but higher odds of being a light smoker.
Finally, men who were self-employed or into business had lower odds of
being hardcore smoker but higher odds of being light smoker. No as-
sociation was found between daily smoking prevalence and any of the
hardening indicators at the ecological level.

4.2. Interpretation of the results

Daily smoking prevalence among women in Africa was < 5%. These
results were in line with a previous study reporting smoking prevalence
in 30 Sub-Saharan African countries (Sreeramareddy et al., 2014).
Consequently, because of low prevalence in women, the sample size of
hardcore, high dependence and light smokers was even lower and,
hence, we decided to focus on individual factors associated with hard-
ening and softening among men to ensure statistical power.

At the individual level, we found that hardcore smoking was asso-
ciated with a higher age (36-45 years), manual occupations, and lower
education as observed in previous studies in LMICs (Yin et al., 2019) and
from European countries (Feliu et al., 2019b). Our findings indicate that
both hardcore and light smoking are associated both to individual so-
cioeconomic and demographic characteristics also in Africa. The
observed social gradient in heavy smoking highlights that the socio-
economic inequalities and the increased burden of smoking-related
diseases among people in low socioeconomic groups (Clare et al.,
2014). Hence, hardening is a burden of the poorest individuals of soci-
eties even in already deprived populations.

In our ecological analyses, daily smoking among both men and
women correlated weakly and negatively with hardcore smoking sug-
gesting that countries with a low smoking prevalence would have a high
proportion of hardcore smoker among daily smokers. Conversely,
among women daily smoking correlated weakly and positively with
light smoker which is suggestive that remaining female smokers
continue to smoke but reduced cigarettes per day (Fernandez et al.,
2015). Daily smoking and high dependence smoker, however, were not
correlated suggesting that daily smoking rates is not associated with
nicotine dependence. Studies from European HICs with high daily
smoking rates that tested the “hardening hypothesis” with ecological
analyses have shown conflicting results for correlation of daily smoking
rates with smoking dependence (Feliu et al., 2019b; Fernandez et al.,
2015). However, GATS report of 10 LMICs has shown that change be-
tween two surveys in daily smoking correlated moderately and posi-
tively with proportion of hardcore smoker (Sreeramareddy, 2021). This
shows that empirical evidence about “hardening hypothesis” is con-
flicting in LMICs even where the prevalence of smoking is lower than
HICs for which literature about hardcore smoking is available.

The lack of evidence of “hardening” in HICs, where tobacco use is
declining and tobacco control policies are more comprehensive, and the
limited evidence of ‘hardening’ in LMICs, where tobacco control policies
are still scarce, has shifted the focus towards exploring the “softening
hypothesis” (Edwards, 2019). A softening of the smoking population
would suggest that tobacco control policies (e.g. smoke-free policies,
tobacco taxation and advertising bans) are effective not only in moti-
vating light smokers to quit, but also in influencing hardcore and high
dependent smokers to quit smoking or at least to reduce their daily
cigarette consumption (Feliu et al., 2019b). On the contrary, in LMICs,
where tobacco control policies are weak hardening could be occurring as
shown by our results These results suggests moving beyond tobacco
control towards a tobacco-free future (Beaglehole et al., 2015). Smokers
in HICs nowadays belong to more deprived population groups than in
the past (Augustson et al., 2008; Feliu et al., 2019b). While research in
this direction is underway among the disadvantaged groups of HICs
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(Edwards et al., 2017; Kulik and Glantz, 2019), some research from
LMICs report that lower education, and income are the indicators of
having higher odds of being hardcore smoker (Kien et al., 2017; Yin
et al., 2019), but further longitudinal research is needed to be able to
assess not only hardcore and light smoking determinants in African
countries as in our study, but also to confirm or reject the hardening
hypothesis.

Regardless of the evidence of “hardening” or the lack of thereof, the
focus should be to emphasize on the individuals who continue to smoke
and those who find it hard to quit, to further reduce smoking and ach-
ieve the tobacco endgame, which suggests moving beyond tobacco
control towards a tobacco-free future wherein commercial tobacco
products would be phased out or their use and availability significantly
restricted (McDaniel et al., 2016). To further reduce smoking prevalence
and attain smoke-free generation a comprehensive approach is needed
to prevent uptake of smoking especially the youth.

Moreover, to understand indicators of heavy smoking, we did not
only assess the individual level, but also country contextual factors
(Gross Domestic Product (GDP), and MPOWER score (Ngo et al., 2017))
associated with hardcore, high dependence and light smoking by con-
ducting a multilevel logistic regression analysis to account for clustering
of observations within countries. However, due to very little variation in
the contextual factors across the nine countries under study and the
small statistical power, we did not further test these factors as second
level of analysis.

4.3. Limitations and strengths

Among the limitations, we lack serial survey data needed to test the
“hardening hypotheses” as was proposed in HICs (Azagba, 2015; Bom-
mele et al., 2016; Brennan et al., 2019; Fagerstrom and Furberg, 2008).
The association reported cannot be interpreted as causal, given the
cross-sectional design of the survey. Self-reported tobacco use behaviors
are likely to be affected by reporting bias; however, self-reports on
smoking status have acceptable validity (Gorber et al., 2009). The sur-
vey was conducted across different years in the nine countries, and it
could have affected our pooled data analyses since tobacco control
measures and tobacco use rates are dynamic. Hardcore smoker is
variedly defined according to available constructs with our data whereas
other studies have used other indicators (Buchanan et al., 2020). How-
ever, we have included different measures of heavy smoking to have a
broader idea of what it is the reality in the region.

Our study presents strengths worth to mention. We used data from
the GATS, an international survey designed specifically for tobacco use
surveillance in nationally representative samples, to provide robust es-
timates of tobacco use. The GATS questionnaire is intended for cross-
national comparisons (Sreeramareddy et al., 2018; Yin et al., 2019).
The surveys follow a standard and strict protocol reassuring against
potential selection and information biases and thus preventing system-
atic errors due to survey methodology between countries. Moreover, the
rich information gathered in the GATS has allowed us to test the asso-
ciation between our outcomes and several independent factors, and to
test for variability across countries. Our study is the first to report
hardening, high dependence, and light smoking prevalence in nine Af-
rican countries and to describe hardening and light smoking de-
terminants from both an ecological and individual perspective.

5. Conclusions

Our study showed that hardening determinants among daily smokers
varied widely between the nine African countries and had very wide sex-
differentials. Social inequalities observed in heavy smoking highlight
that population-based tobacco control policies are not enough to achieve
the tobacco endgame. Understanding hardening determinants in African
population, where smoking prevalence are still low but is expected to
increase soon, offers the opportunity to tailor tobacco control policies to
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more hardened groups to ensure that no one is left behind, while moving
beyond tobacco control towards a tobacco-free future (Husain et al.,
2016). Serial population-based survey data are needed to monitor daily
smoking as well as for test of hardening in African countries.
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