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northeast India, prepared from locally cultivated Nicotiana tabacum L.
(Solanaceae). Despite its long-standing local use, evidence concerning Zozial is
distributed across ethnographic/product descriptions, tobacco-plant chemistry,
tobacco-specific nitrosamine analysis and epidemiological studies, while several
critical exposure steps remain uncharacterized. In this review, the available studies
are examined according to the type of evidence they provide: direct studies on
Zozial, older studies describing a comparable local product, studies on other
combustible tobacco products, and general tobacco toxicology. Published analysis
of Mizoram-grown tobacco demonstrates a broad elemental profile and selective
accumulation of cadmium, whereas recent isotope-dilution LC-MS/MS analysis
directly quantified nitrate, nitrite, tobacco-specific alkaloids and tobacco-specific
nitrosamines in Zozial. Case-control studies in Mizoram have reported associations
of Zozial, or historically described local cigarette closely matching the product, with
lung and stomach cancer. However, filler composition is not equivalent to smoke
yield or absorbed dose. Standardized mainstream and sidestream emissions,
constituent transfer, Zozial-specific smoking topography, internal exposure and
product-specific biomarkers of biological effect remain incompletely characterized
in the published literature. Therefore, the comparatively low concentrations of
selected tobacco-specific nitrosamines reported in one study, or the presence of
potentially toxic elements in the tobacco, are not sufficient to decide whether
Zozial is safer or more harmful than manufactured cigarettes. The available
evidence is therefore considered along the sequence from cultivation and
processing to product composition, combustion, exposure, biological response and
disease, with emphasis on the measurements still needed for a reliable exposure
and risk assessment.
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Introduction

Tobacco smoking is an established cause of
cancer and multiple chronic diseases, and tobacco
smoke contains thousands of chemical constltuents

Mizoram has a particularly high burden of
tobacco use and tobacco-associated cancer.
Historical surveys documented high tobacco use in

mcIudmg numerous toxic and carcinogenic agents.'

? Yet 'smoked tobacco' is not a chemically uniform
exposure. Cultivar, soil chemistry, agronomic
practice, curing and storage, tobacco mass,
wrapping material, additives, filtration, ventilation,
combustion conditions and user puffing behaviour
can alter both the unburned product and the smoke
delivered to  the user’ Product-specific
characterization is therefore especially important for
indigenous and locally manufactured tobacco
products.
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the Mizo population,® and more recent cancer-risk-
factor surveillance continues to show a high
prevalence of tobacco exposure.® National cancer-
registry analyses have also identified Aizawl/
Mizoram among Indian populations with very high
incidence of cancers associated with tobacco
use.'"'??*  These population-level observations
provide context, but they cannot be used to
attribute Mizoram's cancer burden to any single
tobacco product.
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Zozial is a locally produced, hand-rolled, non-
filter smoking tobacco product prepared from
tobacco cultivated in Mizoram. Published chemical
work describes mature Nicotiana tabacum L.
(Solanaceae) leaves being harvested, physically
softened, sun-cured during the cooler season,
reduced to coarse flakes and rolled by hand in
cigarette paper.”” The doctoral work from which
much of the modern scientific characterization
originated also records the Product's longstanding
cultural and agrarian setting.’

The scientific literature is complicated by
nomenclature. In contemporary Mizo usage, Zozial
specifically denotes the indigenous hand-rolled
product considered in this review, whereas meizial
may be used more broadly for smoking tobacco or
cigarettes. Some epidemiological papers used the
spelling meiziol for a local cigarette. In Mizo,
however, meiziol is not a distinct tobacco term; it is a
misspelling of meizial. Phukan et al.” nevertheless
described the product they called meiziol as a locally
prepared cigarette rather than relying on the name
alone.Accordingly, the spelling meiziol is retained
only when reporting those published studies, while
equivalence with Zozial is judged from the
accompanying product description.

Seienee Wision

Existing Zozial-related evidence addresses
isolated points along an exposure pathway.
Epidemiological studies have examined stomach,
lung and head-and-neck cancers;"*?° elemental
analysis has characterized Mizoram-grown tobacco
and  corresponding soils;® and a 2026 study
quantified nitrate, nitrite, tobacco-specific alkaloids
(TSAs) and tobacco-specific nitrosamines (TSNAs) in
Zozial and other smoking products?’ A previous
review addressed tobacco and health broadly? but
did not critically reconstruct Zozial as a distinct
product-specific exposure system.

This review examines three related questions:
how Zozial should be defined as a tobacco product,
which parts of the pathway from cultivation to
disease have been studied directly, and where
interpretation still depends on evidence from other
tobacco products. Keeping these points separate is
necessary to avoid either understating or overstating
the evidence on Zozial.

Approach to evidence and terminology

Types of evidence

Four evidence classes are used throughout this
review. Class | comprises direct Zozial evidence in

Table 1. Published evidence inventory for Zozial and closely related Mizoram evidence. Evidence classes
follow Section 2.1. In cited studies, meiziol is retained as printed; throughout this review, it is

treated as a misspelling of meizial.

Domain Terminology Design Measurement Defensil:s:e ikl Class Principal limitation
Indigenous hand- -
Product identi- Zozial Product charac- | Construction and rolleg, ntc_)r(;—fllter Product standdardlzatlon
ty / preparation ozia terization processing product, docu- across progucers re-
Y mented local pro- mains limited
duction pathway
Element-selective
; _ uptake and trans- . .
clemental chem- | MESRIT IO |y | A/ ans s | Plocato
istry source y y plant analysis showed strongest inhaled dose
reported leaf bio-
concentration
Direct product
chemistry; Zozial
Nitrate / alka- Zozial 29-product ana- | Isotope-dilution had the lowest | Does not characterize
loids / TSNAs lytical study LC-MS/MS nitrate and total total smoke toxicity
TSNA values with-
in that dataset
Association re- Source spelling error;
Meiziol (source 3 ported for locally A !
Stomach cancer : Case-control Exposure history . “ Il retrospective exposure
spelling) described ciga- a—————_
rette
Association re- . _—
. Observational design;
; ] ported for explicit- ; o
Lung cancer Zozial Case-control Exposure history | . no constituent-specific
y named Zozial :
causation
use
SIS CERB- Effect estimate is for
AR Bl ES Zozial mentioned Case-control Smoking exposure C2 Ui INEEE | Geniee smoking overall, not
cancer Zozial common tual - s
z Zozial specifically
among patients
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which the product is explicitly identified and
analytically or epidemiologically studied. Class Il
comprises historical product-equivalent evidence in
which another local term is used but the product

description closely matches Zozial. Class Il
comprises comparative evidence from other
combustible  tobacco  products, such as

manufactured cigarettes, roll-your-own cigarettes
or bidis; this evidence can establish plausibility or
identify measurements that matter, but cannot be
transferred quantitatively to Zozial. Class IV
comprises established general tobacco toxicology
and mechanistic evidence. This classification is used
to make clear when a statement comes from direct
Zozial research and when it is based on evidence
from other tobacco products. The published
evidence inventory is summarized in Table 1.

Operational definition

For this review, Zozial is operationally defined
as the indigenous Mizoram hand-rolled, non-filter
smoking tobacco product prepared from locally
cultivated tobacco and traditionally processed
tobacco filler. Published work identifies the plant as
N. tabacum and describes a sequence of priming,
physical softening, sun-curing, coarse
fragmentation and hand rolling in the production
system investigated.”> This is an operational
scientific definition of the product represented in
the available literature, not a legal or commercial
standard and not evidence that every producer
follows an identical process. The documented
product pathway and the terminology used in this
review are summarized in Figure 1.
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Meizial, Zozial and the published misspelling
meiziol

Meizial and Zozial should be distinguished, while
meiziol should not be treated as a third Mizo
tobacco term. The thesis used meizial for branded
Indian/Myanmar agarettes and Zozial for the local
handmade cigarette." Older epidemiological papers,
however, printed meiziol for a local cigarette.””'® In
this review, meiziol is treated as a misspelling of
meizial and retained only when reporting the
terminology of those sources. Whether an older
study describes a product equivalent to Zozial is
therefore judged from the accompanying product
description, not from the misspelled term.

From cultivation to Zozial:
consequential production chain

a chemically

Published work on Mizoram-grown tobacco
describes cultivation principally for preparation of
Zozial and reports that the cultivation sites
investigated dld not routinely use chemical fertilizers
or pesticides.”® The original publication uses the
description 'organically cultivated'; because ‘organic’
can imply formal certification, the present review
instead describes the reported agricultural practice
without implying certification or universality across
all Zozial production.

Processing is chemically relevant. In the
production system described by Lalrammawia et

Zozial: product identity and documented production pathway

Mizoram-grown Mature-leaf Physical Sun-curing Coarse tobacco Paper hand-roll;
Nicotiana tabacum harvest softening ~10-15 days* filler non-filter product
[
MEIZIOL
o OL MEIZIAL
ZOZIAL Misspalling of meizial in some Broader terminology in current usage;

Indigenous hand-rolled product
considered in this review

\

published epidemiological studies:
retained only when reparting
those sources

not automatically synonymous
with Zozial

=Duration shown for the production system reperted by Lalrammawia et al, [13): not asserted as a uni

wversal specification.

Figure 1. Zozial product identity and documented production pathway. The productlon sequence summa-
rizes the system described in the published Mizoram tobacco study." Terminological boxes dis-
tinguish Zozial, the published misspelling meiziol and broader meizial usage; product equivalence
is judged from description rather than from the misspelled label.
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al.®, mature leaves were harvested by priming,
physically softened, sun-cured for approximately 10
—15 days during cooler months until darkening and
chlorophyll loss, reduced to coarse flakes and hand
-rolled. In tobacco generally, curing and storage
alter nitrogen chemistry and can create conditions
for nitrosation of tobacco alkaloids; nitrate
reduction to nitrite and subsequent nitrosation
contribute to formation of NNN and NNK during
tobacco processing.?* These are established
tobacco-chemistry mechanisms, but their individual
contributions during traditional Zozial processing
have not been quantified directly.

The product is non-filtered."™' That physical
fact is important, but the common inference 'no
filter = greater exposure' is too simple. Cigarette
design and filter ventilation can alter smoke
chemistry, constituent transfer and  puffing
behaviour in manufactured cigarettes.*’*> Metals
also differ in their partitioning and filtration
behaviour; cadmium, arsenic and lead do not
transfer identically from filler to smoke.*?” These
are comparative cigarette data, not Zozial
measurements. Thus the relevant scientific question
is what mass of each constituent reaches a Zozial
smoker under realistic use.

Elemental
tobacco

chemistry of Mizoram-grown

The most substantial direct chemical evidence
before the 2026 TSNA study is the multi-element
investigation of tobacco plants and corresponding

Science Vision

soils from eight cultivation sites in four districts of
Mizoram." Essential elements and 28 non-essential
elements were quantified in leaves, stems, roots
and soils using neutron activation analysis and
atomic absorption spectrometry. The study
established that the tobacco matrix contains a
broad elemental profile and that accumulation
cannot be explained by soil concentration alone.

Cadmium provided the clearest example of
selective uptake. Reported leaf bioconcentration
factors were 7 for Cd, 1.7 for Zn, 1.5 for Cu, 0.12 for
Ni and 0.1 for Pb.” The same study reported
efficient chloride absorption and translocation
under the acidic soil conditions examined and
weak correlations between heavy-element mass
fractions and measured soil parameters.”
Preferential Cd accumulation by N. tabacum is also
reported in other tobacco-growing systems,”® but
quantitative relationships from other regions
should not be transferred directly to Mizoram soils.

Principal-component analysis differentiated the
northeast Indian tobacco samples from published
tobacco profiles from other geographical origins.”
This supports the proposition that provenance and
cultivation environment can contribute to a
characteristic elemental fingerprint. It does not
imply that geographical separation by multivariate
chemistry is equivalent to a toxicity ranking.

The toxicological relevance of an element in
filler depends on its transfer during smoking. Large
cigarette datasets show that arsenic, cadmium and
lead differ substantially in their distribution among

From product chemistry to biological effect: where direct Zozial evidence ends

DIRECT

SOIL | pH + elements

ZOZIAL / >
MIZORAM
EVIDENCE

TOBACCO PLANT | uptake » translocation

[ ZOZIAL FILLER | elements = nitrate = alkaloids = TSNAs

COMBUSTION | pyrolysis » volatilization + particle formation

MAJOR
< ZOZIAL-SPECIFIC

SMOKE | mainstream / sidestream yields

EVIDENCE GAP

INHALED DOSE | smoking topography
¥

A

INTERNAL DOSE | exposure biomarkers

Y

GENERAL TOBACCO
BIOLOGICAL

BIOLOGICAL EFFECT | oxidative / genotoxic endpoints

A

PLAUSIBILITY

DISEASE | epidemioclogical association

Product concentration # smoke yield # inhaled dose # internal dose # biological effect

Figure 2. From product chemistry to biological effect: the evidence bridge. Green stages have direct pub-
lished Zozial/Mizoram tobacco evidence; red stages identify major Zozial-specific gaps; amber
denotes biological plausibility supported primarily by general tobacco evidence; blue denotes
mixed epidemiological evidence. Product concentration should not be treated as equivalent to

human dose.
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ash, butt, mainstream and sidestream smoke, and
that smoking regimen and filter de5|gn can
materially change measured yields.?*?’" Those
transfer coefficients cannot be assigned to Zozial
without direct smoke analysis. Accordingly, the
published elemental work establishes a source
term—what is present in the tobacco—rather than
the inhaled dose. Figure 2 summarizes the evidence
bridge from product chemistry to biological effect.

Nitrogen chemistry, alkaloids and tobacco-
specific nitrosamines

NNN and NNK are tobacco-specific
nitrosamines  with  established  carcinogenic
relevance. They can form through nitrosation of
tobacco alkaloids during curing, processing and
storage, with nitrate/nitrite chemistry and microbial
nitrate reduction contributing nitrosating
conditions in tobacco generally.* Consequently,
TSNA concentrations can be influenced by plant
nitrogen metabolism and post-harvest processing,
although the contribution of each step must be
established for the product under study.

Chang et al.?' applied three validated isotope-
dilution LC-MS/MS methods to 29 smoking tobacco
products, including Zozial, bidis, hookah tobaccos
and manufactured cigarettes. Within that 29-
product dataset, Zozial had the lowest nitrate
concentration (705 micrograms/g) and total TSNA
concentration (45.2 ng/g). Across the analysed
products, nitrate correlated with TSA and TSNA
concentrations (reported r = 0.64-0.85, p < 0.001),
whereas nitrite and pH did not show the same
relationship; multiple regression identified nitrate as
the primary determmant in the authors' cross-
product model.”’ These are product-composition
measurements and should not be interpreted as
Zozial smoke yields or as an overall comparative-
harm estimate.

This is an important direct Zozial finding, but its
interpretation must remain analyte-specific. Low
total TSNA relative to the products sampled does
not establish low total smoke toxicity. Combustion
generates or transfers numerous other toxicants,

including carbon monoxide, carbonyls, volatile
organic compounds, polycyclic aromatlc
hydrocarbons, particulate matter and metals."

Moreover, the 2026 study measured the tobacco
product, not the full Zozial mainstream-smoke
toxicant profile. Thus, one important class of
tobacco-specific carcinogens has been measured
directly in Zozial, but this finding alone cannot be
used to compare its overall harmfulness with other
smoking products. The two chemical pathways
supported by the published evidence are
summarized in Figure 3.

Combustion and smoke: the
unresolved chemical bridge

principal

Unburned tobacco composition and smoke
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composition are related but non-equivalent
quantities.  During  heating, pyrolysis and
combustion, constituents may volatilize,

decompose, react, remain in ash or transfer into
particulate and gas phases. Standardized smoking-
machine regimens are useful for product
comparison but do not reproduce all human
smoking behaviour.”

Comparative products illustrate why direct
Zozial measurements are necessary. Published bidi
studies have required product-specific smoking-
machine conditions and have quantified nicotine,
tar, carbon monoxide and other mainstream-
smoke constituents.?****" Roll-your-own research
likewise shows that hand manufacture does not
allow exposure to be predicted from product
appearance alone; smoking topography and
toxicant uptake require measurement®®” These
findings are Class lll comparative evidence only.
Zozial uses paper rather than tendu leaf and has its
own construction and tobacco characteristics, so
bidi or roll-your-own emission values must not be
substituted for Zozial values.

A future Zozial smoke-characterization study
should quantify a defined panel of major smoke
constituents under transparent, reproducible
smoking regimens. Candidate measurements
include nicotine, carbon monoxide, total particulate
matter/NFDPM, carbonyls, selected volatile organic
compounds, PAHs, TSNAs and priority elements.
For metals, paired analysis of filler, mainstream
smoke, sidestream smoke and ash would permit
constituent-specific mass balance. The exact
regimen should be justified for Zozial rather than
assumed from manufactured cigarettes or bidis.

Smoking topography and delivered dose

Exposure cannot be reconstructed from
cigarettes per day alone. Puff count, puff volume,
puff duration, interpuff interval, puff velocity,
relighting, butt length and inhalation behaviour
influence the amount of smoke drawn through a
product. Studies of manufactured cigarettes show
that smokers can alter puffing intensity in response
to product design, and machine-reported Iow
yields can underestimate real-world exposure.®
Total puff volume and related topography
measures have been associated with biomarkers

such as cotinine, carbon monoxide and NNAL3?3*

This issue is particularly relevant because the
thesis described Zozial as having low combustibility
and proposed that users may take repeated or
deeper puffs to keep it lit.'* Those statements were
not based on a published Zozial smoking-
topography study and should therefore be treated
as hypotheses rather than established product
characteristics. Objective burn-rate measurements
and a topography study comparing appropriately
defined Zozial and manufactured-cigarette users
could directly test puff volume, duration, interval,
total puff volume, relighting and butt length.
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Two chemical pathways currently supported by published Zozial/Mizoram tobacco evidence

A. Inorganic pathway

Soil

B. Nitrogen / TSNA pathway

Nitrate

-

Nitrite / nitrosating species

¥
Root uptake
[]
Translocation Published leaf BCE [13]
Cd7.0
¥ Zn17
Culs
Leaf / filler Ni 0.12

Pb 0.10

Tobacco glkaloids
(nicotine / jomnicotine)

'

Combustion transfer ?

[

Smoke dose 7

Nitrosation —+ TSNAs
(NNN, NNK, others)

:

Direct 2026 product analysis [21]
Zozial: nitrate 705 pg/g; total TSNA 45.2 nafg
Lowest within the 29 products analysed
= lowest overall toxicity

Figure 3. Two chemical pathways supported by the published evidence. (A) Selective elemental accumula-

tion in Mizoram-grown tobacco, with published leaf bioconcentration factors;'

ombustlon

transfer and smoke dose remain unmeasured for Zozial. (B) General nitrate-to-TSNA chemlstry

together with the direct 2026 Zozial product measurements.?'

The comparatively low nitrate and

total TSNA values apply only within the 29-product dataset and do not establish lower overall

toxicity.

Internal exposure: the missing link between
smoke and biological effect

Biomarkers of exposure can bridge product or
environmental measurements and internal dose.
Nicotine metabolites, including cotinine, are
established indicators of nicotine exposure; urinary
total NNAL is a tobacco-specific biomarker of NNK
uptake, while carbon monoxide measures and
metabolites of PAHs or volatile organic com?ounds
can provide complementary information.**>’ Such
markers quantify exposure or uptake and should
not be interpreted as direct measures of disease
risk.

For Zozial, an informative biomonitoring
strategy would combine a tobacco-specific
exposure marker with constituent-class markers
rather than relying on a single endpoint. Such
measurements should be interpreted as internal
dose, not as proof of disease. This distinction
becomes especially important when moving from
exposure biomarkers to biomarkers of biological
effect.

Oxidative stress and oxidative DNA damage:
strong plausibility, limited product-specific
evidence

Cigarette smoke can impose oxidative burden
through radicals already present in smoke, redox-

active smoke constituents, stimulation of cellular

ROS-generating systems and disruption of
antioxidant defences® Oxidative stress can
damage lipids, proteins and nucleic acids,

providing a mechanistic bridge between exposure
and multiple smoking-related pathologies. These
mechanisms are well supported for cigarette
smoke generally, but they should be classified as
Class IV evidence when discussing Zozial.

Urinary  8-hydroxy-2'-deoxyguanosine (8-
OHdG) is commonly used as a biomarker of
oxidative DNA damage. A systematic review and
meta-analysis comprising 84 articles and 128 study
subgroups found a positive association between
smoking and urinary 8-OHdG when concentrations
were measured by chemical analytical methods,
while also documentin ng substantial
methodological heterogeneity.”> The authors
specifically distinguished chemical methods from
immunological measurements, an important
analytical consideration when comparing studies.
This evidence supports 8-OHdG as a biologically
relevant tobacco-research endpoint but provides
no Zozial-specific effect estimate.

The same restraint applies to antioxidant
enzymes such as superoxide dismutase, catalase
and glutathione-related systems. Changes in these
enzymes may reflect oxidative challenge,
adaptation, depletion or differences in biological
matrix and assay conditions. A product-specific
study therefore requires pre-specified
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interpretation, careful confounder control and
preferably multiple complementary oxidative-
stress endpoints rather than treating a single
antioxidant measurement as a direct toxicity scale.

Chromosomal damage and the buccal
micronucleus assay

Micronuclei can arise from chromosome
fragments or whole chromosomes that are not
incorporated into daughter nuclei, and the assay
can be applied to exfoliated buccal cells as a
minimally invasive biomonitoring method. Because
study design, scoring criteria, cell number and

confounding can materially affect buccal-
micronucleus  results, interpretation requires
standardized methodology and explicit

epidemiological control.*%#?

Evidence synthesized across smoking studies
indicates  higher  buccal-cell  micronucleus
frequencies among smokers than nonsmokers,
aIthouA%h substantial methodological variation
exists. 4! This supports the assay as a candidate
genotoxicity endpoint in tobacco research but
does not demonstrate Zozial-specific
chromosomal damage. A Zozial study would
require standardized scoring criteria, adequate cell

counts, blinded assessment, clearly defined
exposure groups and control of relevant
confounders such as age, alcohol use, diet,

occupational exposures and other tobacco use.

Epidemiological evidence in Mizoram

Stomach cancer and historical local-cigarette
evidence

Phukan et al. conducted a hospital-based case
-control study in Mizoram and reported an

Volume 26 | Issue 2 & 3| Apr — Sept 2026

adjusted OR of 22 (95% ClI 1.3-93) for
participants classified in the original paper as
meiziol smokers relative to nonsmokers in the
smoking-type analysis.”” The study also reported
higher risk with longer smoking duration and
greater cumulative smoking exposure. Because
meiziol is a misspelling rather than a separate
Mizo product term, the relevance of this study to
contemporary Zozial rests on the physical
description of the local cigarette given in the
original paper, not on the label itself.

Malakar et al. subsequently conducted a
population-based matched case-control study of
102 histologically confirmed stomach-cancer
cases and 204 controls. Tobacco smoking was
identified as an important risk factor, and the
authors used the spelling meiziol for one smoking
category and reported it as more important than
the other tobacco-related habits examined;
GSTM1 and GSTT1 polymorphisms were not
directly associated with stomach cancer but were
interpreted as possible effect modifiers.'®
Additional Mizoram studies examined interactions
of tobacco exposure with p53 codon 72 and
CYP2E1 Rsal polymorphisms.'”® These studies
add local gene-environment evidence but do not
establish Zozial-specific chemical mechanisms,
and some reported interaction estimates are
imprecise because of small strata.

Lung cancer

The clearest explicity named Zozial
epidemiological evidence comes from the 2016
Science Vision hospital-based case-control study
by Lalpawimawha and Lalruatfela'. The study
included 106 histologically confirmed lung-cancer
cases and 212 matched controls and reported an
OR of 2.51 (95% Cl 1.28-4.92) for Zozial smokers.
The authors also reported increased risk among
participants who had smoked for at least 40 years.

Table 2. Epidemiological evidence relevant to Zozial. Effect estimates are interpreted only at the exposure
specificity supported by each study. Meiziol is retained as printed in the cited studies and is treat-

ed here as a misspelling of meizial.

Reported result

What it estab-
lishes

What it does not
establish

Adjusted OR 2.2 (95% ClI
1.3-9.3) reported for
meiziol smokers; dura-
tion/cumulative exposure
associations reported

Association with
locally described
cigarette

Modern Zozial-
specific chemical
causation

Tobacco-related associa-
tions examined with
GSTM1/GSTT1 suscepti-
bility

Smoking-related
stomach-cancer
evidence in Mi-

zoram

A unique causal
effect of Zozial
constituents

OR 2.51 (95% Cl 1.28-
4.92); higher risk reported
with long duration of use

Product-specific
association in
that case-control
population

Causality, respon-
sible toxicant, or
comparative risk
versus cigarettes

Population/ | Tobacco defi-
ST design nition SLEIGE
Mizoram; stom- Meiziol Stomach
Phukan et al.”® ach cancer case- |(source T
control spelling)
Local tobacco
16 102 cases; 204 smoking / Stomach
Malakar et al. matched controls | meiziol con- | cancer
text
Lalpawimawha & | 106 cases; 212 . Lung can-
Zozial
Lalruatfela controls cer
Head and
. Smoking; neck
Pachuau et al. Fﬂgr?tgll\lsstig €a5€ | Zozial noted | squamous
y among users | -cell carci-
noma

Smoking OR 6.703 re-
ported; Zozial use de-
scribed among patients

Smoking associa-
tion and local-
product context

OR6.703 as a
Zozial-specific
effect
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This should be interpreted as an association within
that case-control study, not as proof of causality or
as a quantified population-wide Zozial risk;
exposure classification, residual confounding,
selection and recall remain relevant limitations.

Other case-control studies from Mizoram have
identified associations involving household wood
smoke, cooking-oil fumes, dietary exposures,
tobacco smoking and genetic susceptibility.****
These findings underscore the need for Zozial-
specific epidemiology to measure and adjust for
locally relevant environmental, dietary and lifestyle
co-exposures rather than attributing the regional
cancer burden to a single smoking product.

Head and neck cancer

Pachuau et al?® reported significant
associations of smoking and alcohol with HNSCC
and noted that many patients used locally made
alcohol and smoked the local cigarette Zozial. The
reported smoking OR of 6.703 was not a Zozial-
specific effect estimate. Accordingly, the study
provides contextual evidence that Zozial use occurs
within the local HNSCC exposure profile, but it
cannot quantify the independent risk attributable
to Zozial. The epidemiological evidence and the
limits of inference from each study are summarized
in Table 2.

Science Vision

Summary of the available evidence

The available evidence on Zozial is uneven
across the exposure pathway. Product identity,
traditional  processing and the elemental
composition of locally grown tobacco have been
described directly, and recent analytical work has
provided information on nitrate, alkaloids and
tobacco-specific  nitrosamines.  Epidemiological
studies from Mizoram also provide some evidence
of associations between local smoking practices
and cancer, although differences in terminology
and exposure definition limit direct comparison
between  studies. In  contrast, important
intermediate stages remain poorly studied for

Zozial, particularly combustion characteristics,
mainstream  smoke  composition,  smoking
topography and internal exposure. Evidence

concerning oxidative stress and genotoxicity is
therefore still derived mainly from studies of other
combustible  tobacco  products. Figure 4
summarizes these areas of direct evidence and the
major gaps that remain.

Uncertainty in the comparative harm of
Zozial

A valid comparative-harm statement requires
integration across multiple dimensions. Product

Evidence map for Zozial: from product identity to disease

PRODUCT IDENTITY
Direct evidence
]

J What is in the product?

CULTIVATION & PROCESSING
Direct evidence
[ ]

Relatively well characterized

ELEMENTAL COMPOSITION
Direct evidence
¥

e

NITRATE / ALKALOIDS / TSNAs
Direct evidence

(]

COMBUSTION & SMOKE YIELD
Major Zozial-specific gap
]

SMOKING TOPOGRAPHY
Major Zozial-specific gap
L 4

What reaches and affects the smoker?
Poorly characterized

INHALED DOSE
Major Zozial-specific gap
¥

/

INTERNAL EXPOSURE
Major Zozial-specific gap

[]

OXIDATIVE / GENOTOXIC EFFECTS
General tobacco evidence; limited published Zozial evidence

)
]
)
=
)
)
J
)

v

DISEASE ASSOCIATION
Some direct / historical-equivalent epidemiology

Central inference: the evidence chain is incomplete; direct product chemistry should not be converted into unmeasured human dose or mechanism.

Figure 4. Evidence-provenance map for Zozial. Direct evidence is strongest for identity, production and
product chemistry, whereas smoke yield, topography and internal exposure remain major prod-
uct-specific gaps. General tobacco evidence supports biological plausibility, and epldemlolog|—
cal studies provide some direct or historical-equivalent disease-association evidence."™
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composition alone is inadequate because
constituent transfer differs during combustion.
Machine smoke yield alone is inadequate because
human smoking behaviour varies. Puffing intensity
alone is inadequate because products differ in
chemistry. Biomarkers of exposure quantify uptake
but do not themselves establish disease, while
epidemiological outcomes integrate many years of
exposure and confounding.

The current evidence therefore contains
observations that address different toxicant classes
rather than a single overall toxicity scale: within the
29-product dataset analysed in 2026, Zozial had
comparatively _low nitrate and total TSNA
concentrations,?’ while Mizoram-grown tobacco
showed selective Cd accumulation and a distinctive
elemental profile.” Neither finding determines
overall comparative harm. A lower concentration of
one carcinogen class cannot establish safety, and
enrichment of another constituent cannot establish
greater total harm without evidence on transfer,
inhaled dose and biological uptake.

A more defensible conceptual model is: health-
relevant exposure = product composition x
constituent transfer during smoking x smoking
topography x frequency/duration x bioavailability,
modified by metabolism, co-exposures and host
susceptibility. Several terms in this expression
remain unmeasured for Zozial.

Research priorities

Priority 1 — Product standardization. Establish
distributions of tobacco mass, dimensions,
moisture, paper porosity, pressure drop, burn rate,
free-burn time and batch-to-batch chemical
variability across producers, seasons and districts.

Priority 2 — Smoke chemistry and mass balance.
Quantify mainstream and sidestream emissions
under transparent standardized and intensified
regimens. Pair filler, smoke and ash analyses for

Volume 26 | Issue 2 & 3| Apr — Sept 2026

elements; quantify nicotine, CO, NFDPM/TPM,
carbonyls, VOCs, PAHs and TSNAs.

Priority 3 - Human smoking topography.
Measure puff volume, duration, interval, velocity,
puffs per stick, relighting and butt length in
naturalistic and laboratory conditions. This would
directly test, rather than assume, the thesis-derived
hypothesis that Zozial's combustion characteristics
may lead to different puffing behaviour."

Priority 4 — Biomarkers of exposure. Combine
nicotine metabolites with tobacco-specific and
toxicant-class markers such as NNAL, CO/COHb,
PAH/VOC metabolites and selected metals.
Separate biomarkers of exposure from biomarkers
of biological effect.

Priority 5 — Biomarkers of biological effect.
Oxidative-stress and genotoxicity endpoints should
be selected prospectively, analytically validated and
interpreted with adequate control for age, sex, diet,
alcohol, occupation, environmental smoke and
other tobacco use.

Priority 6 - Epidemiology. Future studies
should distinguish exclusive Zozial use, exclusive
manufactured-cigarette use, dual use, former use
and never use; quantify dose and duration; and
account for local environmental/dietary co-
exposures. Product nomenclature should be
explicitly defined in the questionnaire. The principal
evidence gaps and the measurements needed to
address them are summarized in Table 3.

Implications for scientific communication
and tobacco control

Descriptions such as 'traditional’, 'local' or
‘handmade' should not be interpreted as evidence
of reduced harm. Direct analyses show that Zozial
tobacco contains measurable TSNAs and that
Mizoram-grown tobacco has a complex elemental
profile that includes toxicologically relevant

Table 3. Research-gap matrix: measurements required to connect Zozial product chemistry with human

exposure and health outcomes.

bonyls, TSNAs, metals

regimens

Physical : : Mass, dimensions, mois- ; o
. Defines product varia- ’ z Multi-batch product charac- | Product specifica-
suslidiirelere bility ture, paper porosity, pres- | yaization tion and variance
tion sure drop, burn rate
] - : Nicotine, CO, particulate Transparent standardized s
Smoke emis- Converts filler chemistry =y : 0 = Product-specific
s At Grrfeaettor matter, VOCs, PAHs, car- and intensified smoking emission profile

Metal transfer

Leaf concentration #
inhaled dose

Matched filler, smoke and
ash elemental mass

ICP-MS/QES mass balance

Constituent-specific
transfer coefficients

Smoking
topography

Determines real-world
smoke generation

Puff volume, duration,
interval, velocity, count,
relighting, butt length

Portable topography in
naturalistic/laboratory set-
tings

Realistic use profile

Internal expo-

Confirms systemic up-

Cotinine plus tobacco-
specific/toxicant-class

Biomonitoring with expo-

Internal-dose esti-

exposure to outcomes

and confounders

miology

sure take A A sure control mates

Biological Tests mechanistic con- Validated oxidative/ Controlled observational Product-specific
effect sequence genotoxic endpoints studies effect evidence
Dfcerea fdk Links product-specific Detailed exposure history Adequately powered epide- Adjusted product-

specific risk esti-
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constituents.”*' These findings show the presence
of chemical hazards, but they do not provide an
overall comparison of harm. Conversely, the
available evidence also does not justify claiming
that Zozial is necessarily more harmful than
manufactured cigarettes. For clear scientific
communication, findings on product composition
should be kept separate from evidence on smoke
emissions, internal exposure and disease.

Nomenclature also has practical implications
for surveillance. Some historical studies printed
meiziol, a misspelling of meizial;, the thesis used
meizial and Zozial as distinct labels in its
operational description; and current scientific work
uses Zozial for the indigenous product.”*™"® Future
survey instruments should therefore define the
product descriptively and, where feasible, visually
rather than relying on a single label. This should
reduce exposure misclassification and improve
comparability between studies.

Conclusion

Zozial should be considered as a distinct
indigenous tobacco product rather than being
grouped simply with cigarette smoking. Direct
published evidence characterizes its traditional
production pathway, the elemental composition of
locally  cultivated  tobacco,  selective Cd
accumulation, and nitrate, tobacco alkaloid and
TSNA concentrations.”*?' Epidemiological studies
provide an explicitly Zozial-named association with
lung cancer and historical local-cigarette evidence

relevant to stomach cancer.”"® The major
weakness of the evidence base lies between
product composition and human biological

response: Zozial-specific smoke yields, constituent
transfer, smoking topography and internal dose
remain insufficiently characterized in the published
literature. Studies on cigarette smoking provide
biological support for oxidative stress, urinary 8-
OHdG and buccal micronuclei as relevant
outcomes, but these findings should not be
presented as direct evidence for Zozial. Future
research should connect the existing product
chemistry to measured emissions, actual smoking
behaviour, internal exposure and rigorously
designed biological and epidemiological studies.
Until these links are measured directly, there is not
enough evidence to conclude that Zozial is either
safer or more harmful overall than manufactured
cigarettes.
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