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AbsTRACT
background In Zambia, the number of cigarette users 
is growing, and the lack of strong tax policies is likely 
an important cause. When adjusted for inflation, levels 
of tobacco tax have not changed since 2007. Moreover, 
roll-your-own (RYO) tobacco, a less-costly alternative to 
factory-made (FM) cigarettes, is highly prevalent.
Data and methods We modelled the probability of 
FM and RYO cigarette smoking using individual-level 
data obtained from the 2012 and 2014 waves of the 
International Tobacco Control (ITC) Zambia Survey. We 
used two estimation methods: the standard estimation 
method involving separate random effects probit 
models and a method involving a system of equations 
(incorporating bivariate seemingly unrelated random 
effects probit) to estimate price elasticities of FM and 
RYO cigarettes and their cross-price elasticities.
Results The estimated price elasticities of smoking 
prevalence are −0.20 and −0.03 for FM and RYO 
cigarettes, respectively. FM and RYO are substitutes; that 
is, when the price of one of the products goes up, some 
smokers switch to the other product. The effects are 
stronger for substitution from FM to RYO than vice versa.
Conclusions This study affirms that increasing cigarette 
tax with corresponding price increases could significantly 
reduce cigarette use in Zambia. Furthermore, reducing 
between-product price differences would reduce 
substitution from FM to RYO. Since RYO use is associated 
with lower socioeconomic status, efforts to decrease 
RYO use, including through tax/price approaches and 
cessation assistance, would decrease health inequalities 
in Zambian society and reduce the negative economic 
consequences of tobacco use experienced by the poor.

InTRoDuCTIon
Tobacco use in Zambia is on the rise. The WHO 
projects that the number of current smokers in 
Zambia will increase from 1.2 million in 2015 to 
1.5 million in 2025, primarily due to population 
growth.1 The most current survey of smoking prev-
alence in Zambia was the International Tobacco 
Control Policy Evaluation (ITC) Survey, which 
found that 10.7% of adults (22.7% of men and 
0.7% of women) aged 15–49 smoked cigarettes in 
Zambia in 2014 (table 1).2 The increase in tobacco 
use has imposed a heavy burden on Zambian 
society. Estimates show that the number of tobac-
co-related deaths in Zambia increased from 3000 
per year (43 per 100 000) in 1990 to 8000 per 
year (46 per 100 000) in 2015.3 Tobacco use is 
also a burden on Zambia’s economic development. 
The costs of smoking include health expenditures 
and productivity losses and costs associated with 

undernutrition and underinvestment in education, 
as spending on tobacco products has been shown to 
divert resources from essential goods and services 
in Zambia.4

A primary reason for the rise in tobacco use in 
Zambia is the low price of cigarettes. When adjusted 
for inflation,5 the price of factory-made (FM) ciga-
rettes has been falling (figure 1). In addition, ciga-
rette prices have not kept pace with rising disposable 
incomes in Zambia.6 These price dynamics have led 
to significantly greater affordability of cigarettes. 
With only 12.9% of per capita gross domestic 
product needed to purchase 100 packs of the most 
popular brand in 2016, the affordability of ciga-
rettes in Zambia was greater than in the average 
African country (13.5%).7 Population survey data 
also point to the high affordability of cigarettes in 
Zambia; only 27% of male smokers and quitters 
from the ITC Zambia Survey reported that the 
price of cigarettes led them to think about quitting, 
the third lowest percentage among 20 countries 
surveyed by the ITC.2

The most effective way to increase cigarette 
prices and thus decrease cigarette consumption 
and prevalence is through tobacco tax increases.8 
Despite high, often double-digit, inflation and rapid 
income growth, tobacco taxes have rarely increased 
in Zambia. The country’s cigarette excise tax is 
an ad valorem tax, with a specific tax floor.6 The 
current ad valorem excise tax rate, at 145% of the 
Cost, Insurance and Freight value for imported ciga-
rettes or the Producer Price value for domestically 
produced cigarettes, was introduced in 2007 but 
has not changed since.6 The 2016 budget increased 
the specific tax floor from 90 kwacha (US$8.72) to 
200 kwacha (US$19.37) per 1000 sticks, but this 
represents a mere adjustment for inflation back 
to the tax levels at introduction in 2007.9 Conse-
quently, Zambia has one of the lowest tax shares in 
the world. In 2016, tax comprised only 37% of the 
retail price of cigarettes of the most popular brand, 
compared with 56% globally.7 WHO recommends 
a tax share of 75%.8

Aside from low tobacco taxes, efforts to reduce 
tobacco use in Zambia are undermined by the 
availability of a substitute to FM cigarettes: 
roll-your-own (RYO) tobacco. In 2014, 39% of 
Zambian smokers smoked only or primarily RYO 
cigarettes, and 88% of them indicated a lower price 
as the main reason for their use of RYO.2 Although 
the ad valorem excise tax rate for RYO is the same 
as for FM cigarettes, in the ITC Survey, the users 
report RYO to be significantly less expensive than 
FM cigarettes.2 Consequently, after each cigarette 
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Table 1 Prevalence of tobacco use among adults aged 15–49 in 
Zambia from the ITC Project Zambia Survey, 2014

both 
sexes, % Males, % Females, %

Any tobacco use 13.20 23.60 3.30

1. Smokeless tobacco use 2.38 0.94 2.61

2. Cigarette use 10.69 22.66 0.66

Only or primarily FM cigarette use 6.31

Only or primarily RYO cigarette use 4.17

Dual use 0.21

*ITC Project Zambia Survey, 2014.2

FM, factory made; ITC, International Tobacco Control; RYO, roll your own.

Figure 1 Inflation-adjusted cigarette prices and the number of current smokers from 2002 to 2016 in Zambia. Price of factory-made cigarettes (local 
brand; pack of 20; midpriced store) from the Economist Intelligence Unit21; inflation from the International Monetary Fund5; and number of current 
smokers from the WHO.1

tax increase, instead of quitting or cutting back, some smokers 
likely switch to the less expensive RYO cigarette products.

When the ratio of tobacco product prices changes, 
consumers are expected to switch to relatively cheaper prod-
ucts.10 The exact effects of prices for FM and RYO cigarettes 
on tobacco use are not known. A recent survey of the evidence 
from the US National Cancer Institute and WHO concluded 
that research on cross-price effects is scarce and practically 
non-existent for low-income and middle-income countries 
(LMICs).11 To date, only one study from sub-Saharan Africa 
has investigated the impact of product prices on substitution 
among tobacco products.12 That study used data from Income 
Expenditure Surveys in South Africa and found substitution 
between cigarettes and other tobacco products in response to 
relative price changes, but the magnitude of these effects was 
not calculated. Therefore, it is still unclear how changes in the 
prices of FM and RYO cigarettes influence cigarette use. Our 
study in Zambia aims to shed light on this relationship.

MeThoD
Data source
We used longitudinal data from two waves of the ITC Zambia 
Survey, which were conducted from September to December 
2012 (Wave 1), and from August to October 2014 (Wave 2). The 
ITC Zambia Survey is a nationally representative, face-to-face 
survey conducted on a cohort sample of approximately 1500 

tobacco users and 600 non-users in each wave. The retention 
rate for smokers was 61%, with respondents lost to attrition 
being replenished from the same sampling frame at Wave 2. 
Additional methodological details for the survey can be found 
on the ITC Project website.13

Because our focus was the impact of prices on cigarette use, 
survey responses for which the price of cigarettes could not be 
assigned were excluded from the study. As a result, the analysis 
was conducted on a sample of 2575 individuals (both smokers 
and non-smokers), of whom 1165 appeared in both waves, 
yielding 3740 observations.

Measures
In order to estimate the impact of cigarette prices on ciga-
rette use in Zambia, the analysis involves modelling the proba-
bility of the discrete choice of whether an individual currently 
smokes. Because cigarette smoking is associated with signif-
icant health risks for even light smokers (1–4 cigarettes per 
day),14 in this study, we decided to focus on smoking status 
and not smoking intensity, as this is a more clinically mean-
ingful measure.

The primary explanatory variables in this analysis are prices 
of FM and RYO cigarettes, as reported by the survey respon-
dents. It is possible to derive self-reported cigarette prices 
from the ITC Zambia Survey in two ways. First, respondents 
reported the number of cigarettes or amount of RYO tobacco 
purchased during their last tobacco purchase and the price 
paid. The answers to these questions allowed us to calculate 
the price per cigarette stick that they paid.

The amount of loose tobacco for RYO cigarettes was 
reported either in grams or in various other quantities and 
container sizes (eg, ‘4 tablespoons’). For responses that were 
not in grams, but where the amount of tobacco purchased was 
still identifiable, we converted the reported amount of tobacco 
into grams.15 Prices per gram of RYO cigarettes were then 
converted to price per RYO stick, using the conversion of 0.92 
g per stick from the US Master Settlement Agreement.16 As a 
robustness check, we also used an alternative conversion of 
0.7 grams per stick,17 but this did not change results materially 
(see online supplementary appendix table S1).
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The second method used to derive the cigarette price data 
from the ITC Survey was to use the reported sum of money 
spent on cigarettes in the last 30 days. This information, 
combined with the information on the number of cigarettes 
smoked each day, allowed us to calculate the price per stick. 
The method assumes that, on average, cigarettes purchased in 
the last 30 days were also consumed in that period. This should 
be the case in Zambia, as about half of smokers purchased 
loose (single) cigarettes in 2014,2 which does not suggest 
stockpiling. The ITC Survey does not collect separate data on 
the number of FM and RYO cigarettes smoked per day, but 
rather collects information on the total number of cigarettes 
smoked. Therefore, the spending-based price of FM and RYO 
could not be calculated for those who were dual users of FM 
and RYO (23% of smokers in our sample).

Both price measures are subject to recall bias. With some values 
of the last-purchase price and the spending-based price being 
clearly misreported, we did not use prices that were outliers for 
both measures (±2 SDs from the survey wave mean). Apart from 
being subject to a recall bias, the spending-based price measure can 
also be subject to under-reporting bias, as people tend to under-re-
port the number of cigarettes they smoke per day.18 Therefore, 
when calculating both RYO and FM prices for each individual, we 
first used the self-reported price from the last purchase as the more 
reliable price, and then used the spending-based price only if the 
last-purchase price was not available. We incorporated the rede-
nomination of the Zambian kwacha that occurred in 2013, when 
the old currency unit was divided by 1000. The prices from the 
first wave were also adjusted for inflation, so that all prices used in 
the analysis are in 2014 kwacha.

One obstacle to using self-reported prices in estimating the 
demand equations is that prices may be endogenous from the 
simultaneity of price and consumption. To address this problem, 
the prices of FM and RYO were averaged by geographical regions 
(primary sampling units, n=20) and by wave. These averaged 
prices were then assigned to both smokers and non-smokers in the 
given region and wave. This technique was used by Nargis and 
colleagues in their analysis of similar data from the ITC Bangladesh 
Survey.19 In one geographical region, no FM price was reported in 
both waves, while in another one, no RYO price was reported in 
Wave 2. In those instances, prices could not be assigned; hence, 
those observations (n=284) were excluded from the study.

A concern with this approach is that changes in prices observed 
across regions and waves may result from actual price changes, but 
because of differences in smokers’ purchasing behaviours, due to, 
for example, differences in their socioeconomic status. To address 
this concern, in another approach, we first regressed prices of FM 
and RYO on geographical regions and waves as well as household 
characteristics (income status, residence in an urban area and resi-
dence in the capital city of Lusaka) and form of tobacco purchased 
(single stick cigarettes/pack of cigarettes/carton of cigarettes/hand-
rolled tobacco). The models’ fitted values were then predicted for 
both smokers and non-smokers and used as explanatory variables 
in models of smoking status. The results from those models are 
presented in the online supplementary appendix.

Another explanatory variable is respondents’ per capita 
household income. The analysis uses a categorical variable for 
the income status of individuals in relation to the international 
poverty lines of $1.25 and $2.00 per person per day.20 Because 
12% of respondents did not report their income, we added the 
missing response as one of the categories. As a result, the income 
variable includes four categories: income below $1.25 (reference 
group), income from $1.25 to $1.99, income at $2.00 and above 
and income not reported. As a robustness check, we also used 

multiple imputation to estimate the missing income categories. 
Including the imputed income in the models did not change the 
results materially (see online supplementary appendix table S2). 
Other explanatory variables include participants’ age, a dummy 
variable for gender, a dummy variable for residence in an urban 
area, a dummy variable for residence in Lusaka, a categorical 
variable for educational attainment, a dummy variable for occu-
pation in a white-collar job and a dummy variable for self-re-
ported health status as good/excellent.

Analysis
The analysis includes a model for current use of any cigarettes 
(FM and RYO), separate models for smoking status for FM and 
RYO, as well as a model for dual cigarette use (both FM and 
RYO).

Random effects probit models in the following functional 
form were used to estimate the probability of cigarette smoking 
participation (model 1), the probability of RYO and FM cigarette 
smoking participation (models 2 and 3), as well as the proba-
bility of dual use (model 4):

Model 1, 2, and 3:

 

Pr
(
current smokerit = 1| Price1it, Price2it, Incomeit,Xit,αi

)

= Φ
(
β0 + β1Price1it + β2Price2it + β3Incomeit + β4Xit + αi

)
  

In the above equation, current smoker is the current cigarette 
smoker (either FM or RYO), the current FM cigarette smoker 
and the current RYO cigarette smoker in models 1, 2, and 3, 
respectively. Φ(.) is the cumulative distribution function of the 
standard normal distribution, while αi is the individual specific 
random effect. For individual i at time t, Price1 is the price of 
FM cigarettes and Price2 is the price of RYO cigarettes. Income 
is represented as the four-category variable, while X represents 
other socioeconomic variables, including age, gender, urban resi-
dence, residence in Lusaka, education, occupation and health 
status variables.

The use of random effects models is preferred over fixed 
effects models for two reasons:
A. because the fixed effects models would lose observations for 

those respondents who appear only once in the panel (41% 
of observations)

B. because the fixed effects model would not allow for the iden-
tification of the effect of any variable with no within-individ-
ual variation (eg, gender) or little within-individual variation 
(eg, income) over time.

It might be unrealistic to assume that the error terms between 
model 2 and model 3 are uncorrelated, since the decisions to 
smoke RYO and FM cigarettes are most likely linked. This issue 
is addressed by estimating the bivariate probability of RYO and 
FM cigarette smoking participation (simultaneous equations 
of model 2 and model 3) using bivariate seemingly unrelated 
random effects probit (model 5), where the error terms from the 
two models are allowed to be correlated:

Model 4:

 

Pr (current factorymade cigarette smokerit
= 1|Price1it, Price2it, Incomeit,Xit,πi)
= Φ

(
γ0 + γ1Priceit + γ2Price2it + γ3Incomeit + γ4Xit + πi

)
  

 

Pr (current RYO cigarette smokerit
= 1|Price1it, Price2it, Incomeit,Xit, ϑi)
= Φ

(
δ0 + δ1Price1it + δ2Price2it + δ3Incomeit + δ4Xit + ϑi

)
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Table 2 Inflation-adjusted cigarette prices in Zambia in 2014 (kwacha per stick)

Wave 1 Wave 2 Waves 1 and 2 combined
between-wave 
price change

P values*mean n mean n mean n %

Factory-made cigarettes

  Last-purchase price 0.54 640 0.62 571 0.58 1211 +15 0.001

  Spending-based price 0.52 434 0.46 440 0.49 874 −12 0.054

  Combined price 0.54 650 0.62 585 0.58 1235 +15 0.003

Roll-your-own cigarettes

  Last-purchase price 0.13 24 0.29 110 0.26 134 +123 0.542

  Spending-based price 0.07 280 0.10 266 0.08 546 +43 0.001

  Combined price 0.07 298 0.16 308 0.12 606 +129 0.045

*P value for the between-wave mean-comparison test.

ResulTs
Table 2 summarises last-purchase and spending-based prices 
of FM and RYO cigarettes, as reported in the ITC Zambia 
Survey. In both waves, RYO prices were significantly lower than 
FM prices, but the difference declined over time. The average 
reported FM cigarette price was almost eight times higher than 
the RYO cigarette price in the first wave (t=42.36, P<0.001), 
but then about four times higher in Wave 2 (t=9.63 p<0.001). 
This price convergence occurred due to a large increase in RYO 
prices between waves (an increase by 129% in the combined RYO 
prices, t=−2.01, P=0.045), compared with only a moderate 
increase in inflation-adjusted FM prices (a 15% increase in the 
combined FM prices, t=−2.94, P=0.003). Finally, across waves 
and products, the spending-based price was lower than the price 
based on the last purchase, possibly due to under-reporting in 
the spending-based price.

For smokers of FM, there was a large variation in the 
reported price, depending on cigarette brand. In 2014, the 
average reported price varied from 0.35 kwacha (US$0.03) 
per stick for Pacific brand to 0.70 kwacha (US$0.07) per stick 
for Pall Mall brand. Additionally, respondents reported paying 
more per stick when buying single cigarette sticks (0.65 kwacha 
or US$0.06 per cigarette stick), compared with cigarette packs 
(0.48 kwacha or US$0.05 per stick) and cartons (0.35 kwacha 
or US$0.03 per stick) in 2014. Finally, for those who reported 
buying cigarette by packs, both the spending-based price (10.2 
kwacha per pack) and the price based on the last purchase 
(9.68 kwacha per pack) in 2014 were similar to cigarette 
prices reported by the Economist Intelligence Unit for Lusaka 
(9.00 kwacha for local-brand cigarettes and 11.00 kwacha for 
Marlboro cigarettes).21

Table 3 summarises the results from the five models of ciga-
rette smoking participation in Zambia. The own-price effects 
for FM and RYO cigarettes on the likelihood of smoking are 
negative in all models, except for the model of the likeli-
hood of dual use. Those effects are significant for both FM 
and RYO cigarettes in the model of any cigarette use (model 
1) and in models of RYO use (models 3 and 5). Additionally, 
the own-price effects for FM is positive and significant in 
the model for dual use. There is also a positive relationship 
between RYO price and the likelihood of FM cigarette smoking 
(models 2 and 5) and between FM prices and the likelihood 
of RYO smoking (models 3 and 5). The cross-price coefficient 
is, however, significant only for FM cigarette price in RYO 
smoking, which suggests that RYO cigarettes are substitutes 
for FM cigarettes.

Table 4 presents the own-price and cross-price proba-
bility elasticities of prevalence for RYO and FM based on 

these results. For FM prices, the estimated price elasticity of 
smoking prevalence (either FM or RYO cigarettes) is −0.20. 
This means that a 10% increase in FM prices leads to a 2% 
relative reduction in smoking prevalence. For RYO prices, 
the estimated price elasticity of smoking prevalence is −0.02 
or −0.03, depending on the model. The cross-price elastici-
ties between FM prices and RYO use were 0.27 and 0.18 in 
models 3 and 5, respectively. This means that a 10% increase 
in FM prices leads to a 2.7% increase in RYO in the standard 
random effects probit model, but a lesser increase of 1.8% in 
the system of equations model.

The results from the models that used fitted values of cigarette 
prices are presented in online supplementary appendix table S3, 
while online supplementary appendix table S4 presents elastic-
ities calculated using those models. All cross-price effects are 
positive and significant in those models. The substitution effect 
from FM to RYO cigarette use in the event of increase in FM 
cigarette prices is stronger than the substitution from RYO to 
FM. Additionally, in those models, the own-price effects are also 
significant for the FM use.

The reason why the results from the separate probit models 
(models 2 and 3) vary from those of the seemingly unrelated 
random effects probit model (model 5) is due to the bias caused 
by the correlation of disturbance terms between the two equa-
tions for FM and RYO in models 2 and 3, which is represented 
in the system of equations model 5. While the observation-spe-
cific disturbances (error terms) are uncorrelated in model 5 
(r=−0.05; 95% CI −0.23 to 0.14), there is a significant correla-
tion between individual-specific disturbance terms (πi and ϑi) 
(r=0.29; 95% CI 0.18 to 0.40), suggesting that, as expected, a 
person’s decision to smoke FM is related to their decision to 
smoke RYO; this implies that the system of equations approach 
of model 5 was appropriate, and thus the estimates arising from 
that approach are superior to those arising from the standard 
approach.

Women and those who reported good or excellent health were 
significantly less likely to smoke in each model. Higher income 
was associated with lower probability of smoking any cigarette 
type (either FM or RYO), lower probability of RYO smoking and 
lower probability of dual use but was unrelated to the probability 
of FM smoking. Older respondents were less likely to smoke 
FM and more likely to smoke RYO. On the contrary, urban resi-
dence and formal education were significantly associated with a 
higher probability of FM smoking and lower probability of RYO 
smoking. White-collar workers were also significantly less likely 
to smoke RYO. Finally, residents of the capital city, Lusaka, were 
more likely to smoke all types of cigarettes, but more so FM, 
than the rest of the respondents.
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Table 3 Results of probit analyses predicting the probability of cigarette smoking in Zambia

Variables

Random effects probit models
bivariate seemingly unrelated random 
effects probit

All cigarette use
(model 1)

Factory-made 
cigarettes use
(model 2)

RYo cigarettes use
(model 3) Dual use (Model 4)

Factory-made 
cigarettes use
(model 5)

RYo cigarettes use
(model 5)

Price of factory-made cigarettes −1.00** −0.17 1.01** 1.06*** −0.30 0.91*

Price of RYO cigarettes −0.73** 0.05 −0.41** 0.13 0.07 −0.42*

Income status
Below $1.25 (reference)

  $1.25 to $1.99 0.22 0.21 0.14 0.17 0.21 0.12

  $2.00 and above −0.25* −0.02 −0.65*** −0.41*** 0.01 −0.67***

  Not reported −0.35** −0.02 −0.32** −0.17 −0.01 −0.34*

Age 0.001 −0.03*** 0.02*** −0.004* −0.03*** 0.02***

Gender
Male (reference)

  Female −4.25*** −2.94*** −3.63*** −1.78*** −2.96*** −3.68***

Urban area of residence
No (reference)

  Yes −0.01 0.95*** −2.07*** −0.78*** 0.95*** −2.06***

Residence in Lusaka
No (reference)

  Yes 0.89*** 0.62*** −0.45** −0.02 0.64*** −0.44**

Education
Low education (reference)

  Primary and higher −0.14 0.91*** −0.49*** 0.37*** 0.95*** −0.50***

Occupation
Other than white collar (reference)

  White collar 0.03 0.21 −2.10*** −0.86* 0.22 −2.08***

Self-reported health status
Poor and average (reference)

  Good and excellent −0.70*** −0.56*** −0.85*** −0.44*** −0.52*** −0.84***

Constant 6.67*** 2.30*** 5.59*** 1.16*** 2.32*** 5.67***

Number of observations: 3740.
*P<0.1; **P<0.05; ***P<0.01.
RYO, roll your own.

Table 4 The estimates of own-price and cross-price elasticities of prevalence for factory-made and RYO cigarettes in Zambia

Random effects probit bivariate seemingly unrelated random effects probit

All cigarette use Factory-made cigarette use RYo cigarette use Factory-made cigarette use RYo cigarette use

Factory-made cigarette price −0.20** −0.05 0.27** −0.14 0.18*

RYO cigarette price −0.03** 0.004 −0.03** 0.01 −0.02*

*P<0.1; **P<0.05; ***P<0.01.

DIsCussIon
Higher prices for both FM and RYO cigarettes are significantly 
related to a reduced likelihood of smoking in Zambia. The esti-
mated value of smoking prevalence elasticity for FM cigarettes 
(−0.20) is within the range usually observed in LMICs (between 
−0.10 and −0.40).10 A large body of evidence demonstrates 
that effects of this magnitude make cigarette price increases the 
most effective policy instrument to discourage smoking.10 Thus, 
in Zambia, increasing excise tax on cigarettes in order to drive 
price increases will be an effective tool to improve public health 
and reduce tobacco-related costs.

As a party to the WHO FCTC (since 2008), Zambia is obliged 
to impose high cigarette taxes.16 Zambia applies an ad valorem 
excise with a specific floor. The ad valorem tax rate has remained 
unchanged for the last decade. Although the specific floor was 
raised from 90 to 200 kwacha in 2016, which is expected to 
increase the price at the lower end, this increase was barely 

reflected in cigarette price increase on average. As mentioned 
above, Zambia has one of the lowest excise tax shares of ciga-
rette price in the world.8

One of the reasons for low tobacco taxes in Zambia is 
likely that some sectors of the government are focused on 
encouraging tobacco production, processing and manufac-
turing, a clear discrepancy between short-term economic goals 
and tobacco control commitments.22 Therefore, in order to 
significantly increase cigarette taxes, the Zambian Ministry of 
Health and civil society should actively engage in the formu-
lation of the new policies and demonstrate to finance officials 
that controlling tobacco use is in the long-term best interest 
of the economic health of the country. Fortunately, there is 
evidence of significant public support for higher cigarette 
taxes in the country, even among smokers themselves. Most 
respondents to the 2014 ITC Zambia Survey (78%), including 
nearly three-quarters of smokers (74%), thought that their 
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government should increase taxes on cigarettes.2 Future 
tobacco tax increases in Zambia must take into account both 
the country’s high inflation rates and rapid income growth.

Another factor that must be considered in the crafting of new 
tax policies is the extensive use of RYO tobacco. Although the 
price for RYO increased substantially between the waves of the 
study, possibly influenced by a spike in prices of raw tobacco 
exported from Zambia,23 RYO remains much cheaper to use than 
FM cigarettes. Positive cross-price elasticities between FM and 
RYO cigarettes found in this study suggest that these two prod-
ucts are substitutes; that is, when the price of one of the products 
goes up, some smokers switch to using the other product. In 
our models, this cross-price effect is particularly significant for 
the impact of FM prices on RYO use. Cross-price effect for the 
impact of RYO prices on FM use was also positive and signifi-
cant in models that used fitted values of cigarette prices (online 
supplementary appendix table S3), indicating that FM and RYO 
cigarettes are substitutes in Zambia.

This switching behaviour weakens the impact of tax increases 
on improving public health. As a remedy, both the WHO and 
the implementation guidelines for Article 6 of the WHO FCTC 
recommend taxing all tobacco products comparably to reduce 
the between-product price differences, thus disincentivising 
substitution.8 24 Zambia, however, already applies the same 
ad valorem excise tax rates for RYO tobacco and FM, although 
the extent of tax compliance for RYO is unknown. Thus, the 
between-product price differences must be reduced by other 
means than equalising the tax rates.

There are three viable strategies to reduce price differential 
between RYO and FM. First, Zambia should consider changing its 
tax structure and instead apply an excise tax that is specific based 
or mixed (a combination of ad valorem and specific) with a strong 
specific component. In the current tax system, which is based on 
the ad valorem tax, RYO tobacco is tax advantaged. Specifically, 
because the net price of RYO tobacco is lower than the price 
of an equivalent amount of FM cigarettes, the ad valorem tax 
on RYO tobacco will be lower than the tax on FM cigarettes. 
Relying on specific tax for both FM and RYO would mitigate 
this advantage and close the price gap markedly. A specific-based 
system would, however, require frequent changes in the tax rates 
to adjust for inflation and income growth. Therefore, the best 
practice is to set the tax rates to increase automatically. The one 
advantage of the current, ad valorem-based system is that the 
value of the tax follows changes in cigarette prices.

Second, the country could consider stronger measures to 
increase enforcement and enhance tax compliance on RYO. This, 
however, could be difficult because much of the RYO tobacco 
comes straight from the fields with minimal processing, using 
mostly traditional methods, with the local market forces deter-
mining the price.

Third, the government should strongly consider backing away 
from promoting tobacco growing and processing. Although the 
government support for tobacco growing is intended to promote 
exports,22 it directly violates Zambia’s commitment to the WHO 
FCTC, and it seems that this policy has had unintended conse-
quences: local farmers are now also supplying tobacco for RYO, 
a lower priced combustible tobacco product that people substi-
tute for when the price of FM goes up. Thus, by increasing the 
supply of RYO, tobacco farming contributes to the very problem 
that needs to be addressed.

Focusing on the problems arising from RYO will be partic-
ularly important because of the socioeconomic status of RYO 
users. This study finds that, unlike for FM, RYO use is associ-
ated with lower income and education and with rural residence. 

Therefore, government policies aiming to decrease health 
inequalities in the society and reduce the negative economic 
consequences of tobacco use experienced by the poor must 
incorporate approaches to reducing RYO use, including espe-
cially the tax/price approaches that are the focus of this article 
and cessation efforts directed on those communities.

Besides substituting with RYO, FM cigarette smokers in 
Zambia can avoid paying higher cigarette prices by trading 
down to cheaper brands of FM cigarettes. A previous study 
based on the 2014 wave of the ITC Zambia Survey found 
that higher price was significantly associated with brand 
switching.25 The significant dispersion in prices of FM in 
Zambia allows smokers opportunity to trade down to cheaper 
brands. This again suggests that Zambia should consider 
changing the excise tax structure to a structure that is based 
on specific tax, because it would reduce the between-brand 
variation in cigarette prices.26

This study contributes to research aiming to advance the 
methods to estimate demand for multiple tobacco products. A 
method often used in the field to analyse cross-price elasticities 
for different tobacco products is to estimate models for each 
product separately.10 This method assumes that the decision 
processes pertaining to the choices of two tobacco products are 
unrelated. The seemingly unrelated regression method, which 
is used less often in the literature (eg, for substitution between 
FM and RYO cigarettes2728) permits correlation between error 
terms. We found that, in our case, the assumptions of the 
standard methods were violated. Error terms between equa-
tions are correlated in our study, suggesting that decisions to 
smoke FM and RYO are linked. In addition, the longitudinal 
design of the ITC Zambia Survey allowed us to make stronger 
conclusions about the causal relationships between prices and 
the use of the two tobacco products. This increased method-
ological sophistication demonstrates the advantage of cohort 
studies like ITC to facilitate less-biased estimates of critically 
important parameters such as price elasticities and cross-price 
elasticities, relative to repeat cross-sectional designs. It is crit-
ically important for policymakers to have the least biased esti-
mates of key parameters.

limitations
A limitation of this study is that the price measures used in the 
models are based on self-reported prices. While we addressed the 
endogeneity problem resulting from the simultaneity of price and 
consumption, we could not eliminate other issues with the data. 
First, both the last-purchase price and the spending-based price are 
subject to recall bias, while the spending-based price can also be 
subject to under-reporting of the number of cigarettes smoked. It 
should be noted, however, that the longitudinal design allows for 
control of the individual-level unobservable characteristics, which 
should capture some of the respondents’ biases.

Second, those two measures represent slightly different prices: 
one is the last-purchase price, while the other represents the 
average purchase price for the last 30 days. With many obser-
vations, the last-purchase prices should, however, average out to 
the average purchase price. Unfortunately, too, for some obser-
vations, the last-purchase price of RYO could not be calculated, 
because the respondents’ verbal description of the amount of 
RYO purchased did not allow us to convert to grams. For those 
observations, we had to rely on the spending-based price. Finally, 
the spending based-price could not be calculated for dual users 
of FM and RYO, as the number of cigarettes smoked per day per 
each cigarette type was not reported in the survey. Because each 
of the price measures had significant limitations, none could 
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be used in the models independently. Combining those two 
measures is not ideal, because they are different. Nevertheless, 
the availability of two independent price measures allowed us to 
triangulate the results. In consequence, we were able to estimate 
price effects of both anticipated sign and magnitude. The results 
are robust, with the models on fitted values of cigarette prices 
yielding results that are of the same direction, similar signifi-
cance, though of a higher magnitude, compared with the models 
on the averaged prices.

ConClusIons
There is scant evidence pertaining to price and cross-price elas-
ticities for tobacco products. This is the first extensive study of 
price and cross-price elasticities for tobacco products in African 
and therefore significantly contributes to the limited global 
evidence from LMICs on the impact of tobacco product prices 
on between-product substitution.

We used a longitudinal design of the ITC Zambia Survey, esti-
mating a system of equations with panel data, a method that was 
later found superior over the standard estimation techniques. 
The longitudinal study design enabled the determination of a 
temporal and causal relationship between price and the use of 
FM and RYO cigarettes.

Our findings suggest that FM and RYO cigarettes are substi-
tutes in Zambia, thereby emphasising the need for effective 
policies to reduce between-product price differences, a factor 
that undermines the effectiveness of tobacco tax policies. 
Furthermore, consistent with abundant evidence from high-in-
come countries and a growing body of literature from LMICs, 
this study affirms that increasing cigarette tax and price in 
Zambia can markedly reduce cigarette use. Hence, increasing 
tobacco taxes resulting in higher cigarette prices improves 
public health and alleviates the detrimental effects of tobacco 
use and results in higher government revenue in developing 
economies that are in dire need of the additional income.

What this paper adds

 ► In 2016, the US National Cancer Institute and the WHO 
concluded that research studies on cross-price effects on 
tobacco products use in any country are scarce and practically 
non-existent for low-income and middle-income countries. 
The few existing studies generally show that when the ratio 
of tobacco product prices changes, consumers often choose 
to switch between products. This has enormous implications 
for tobacco tax policy in that it suggests tax parity across 
products when substitution of similarly harmful products such 
as factory-made (FM) and roll-your-own (RYO) cigarettes is 
likely.

 ► The longitudinal design of the International Tobacco 
Control Zambia Survey permits stronger inferences about 
causal relationships among price and the use of FM and RYO 
cigarettes, while the use of a system of equations allows for 
more precise analyses of the impact of price on the use  
of FM and RYO cigarettes and of the degree of their 
substitutability.

 ► This study is the first study of price and cross-price elasticities 
for tobacco products in a sub-Saharan African country. The 
findings from this study can be used by policymakers seeking 
to reduce tobacco product use through tax-induced price 
increases and advance public health by designing tax  
policies intended to decrease the between-product price 
differentials.

Correction notice This article has been corrected since it was published Online 
First. Additional details about support were added to the Funding section.
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