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Abstract 

Background  Lip and oral cavity cancer (LOCC) is a significant public health concern worldwide. This study investi-
gated the long-term trends in the LOCC burden in Iran from 1990 to 2021.

Methods  We analyzed LOCC burden in Iran from 1990 to 2021 using the Global Burden of Disease (GBD) 2021 
dataset, focusing on age-standardized disability-adjusted life years (ASDR), mortality rates (ASMR), and incidence 
rates (ASIR) stratified by sex and province. Joinpoint regression analysis was used to identify temporal trends, 
and the annual percent change (APC) and average APC (AAPC) were calculated. Future projections up to 2040 were 
generated using a hybrid forecasting model (ARIMA, ETS, and neural networks). Spatial analysis detected hotspot 
and coldspot regions in 1990 and 2021.

Results  We observed a significant increase in the LOCC burden across all three indicators (disability-adjusted 
life years [DALY], ASMR, and ASIR) from 1990 to 2021. Joinpoint analysis revealed significant temporal trends, 
with an overall upward trajectory in the AAPC for both sexes combined and separately. Specifically, the overall AAPC 
for the ASDR was 0.34% (95% confidence interval [CI]: 0.26,0.39) for both sexes, 0.40% (95% CI: 0.32,0.45) for females, 
and 0.35% (95% CI: 0.27,0.42) for males. For the ASMR, the overall AAPC was 0.41% (95% CI: 0.34,0.46), 0.54% (95% CI: 
0.48,0.58) for females, and 0.36% (95% CI: 0.29,0.42) for males. Similarly, the overall AAPC for ASIR was 1.33% (95% CI: 
1.24,1.40), 1.51% (95% CI: 1.43,1.59) for females, and 1.26% (95% CI: 1.17,1.33) for males. Geographic variations were 
evident, with most provinces exhibiting increasing ASDR and ASMR, while ASIR displayed a consistent upward trend 
across all provinces. Notably, females showed a slightly more pronounced increase in ASDR, ASMR, and ASIR com-
pared to males. Projections indicate a declining trend in DALYs, a fluctuating but stable mortality rate, and a continu-
ous rise in incidence by 2040. Spatial analysis indicated no significant spatial autocorrelation at the national level 
in both 1990 and 2021.
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Conclusion  Our findings highlight a rising burden of LOCC in Iran, with future projections indicating a growing inci-
dence rate. Targeted public health interventions addressing regional disparities and risk factors are crucial. Sex-specific 
and region-specific policies, along with early detection strategies, are essential to mitigate the disease burden.

Keywords  Lip cancer, Oral cancer, Incidence, Mortality, Disability-adjusted life years (DALYs), Iran, Global Burden of 
Disease (GBD)

Introduction
Lip and oral cavity cancer (LOCC) represents a sig-
nificant global health burden, ranking 16th in incidence 
(age-standardized rate [ASR] 4.0 per 100,000) and 15th 
in mortality (ASR 1.9 per 100,000) in 2022. This burden 
disproportionately affects males, with a twofold greater 
incidence than females. Asia accounts for the highest 
proportion of global LOCC cases (66.3%) and deaths 
(75.1%) [1]. In contrast to the global findings, Iran exhib-
its a lower LOCC burden. Studies have reported age-
standardized incidence rates (ASIRs) of 1.96 and 1.36 per 
100,000 person-years for males and females, respectively, 
ranking LOCC 20th in both incidence and mortality 
within the Iranian population (1037 new cases and 447 
deaths in 2022) [2]. However, data on age-standardized 
disability-adjusted life years (ASDR, Age-Standardized 
DALY Rate) for LOCC in Iran remain limited.

Epidemiological studies have revealed geographic 
disparities in LOCC trends. In China, the disease bur-
den exhibited a significant upward trend from 1990 to 
2019, with a more pronounced increase in males than 
in females [3]. Conversely, European studies reported a 
substantial decrease in LOCC incidence over the same 
period [4]. Similar trends of decreasing incidence and 
mortality have been documented in Brazil [5]. Notably, 
the ASDR and age-standardized mortality rate (ASMR) 
for LOCC displayed a downward trend from 1990 to 
2019 on a global scale, while the ASIR exhibited an 
increase [6]. Established risk factors, such as tobacco 
smoking and chewing, have been consistently linked to 
LOCC incidence [7].

Lip and oral cavity cancer cases are projected to 
reach 856,000 by 2035 due to demographic and lifestyle 
changes [8]. This highlights the need for targeted preven-
tion, including tobacco and alcohol reduction, and public 
awareness campaigns [9]. Despite this global perspective, 
long-term epidemiological trends and future projections 
for LOCC in Iran remain understudied, making it diffi-
cult for policymakers to develop targeted interventions.

This study aims to address the knowledge gap regard-
ing long-term trends in the LOCC burden in Iran. We 
leveraged data from the Global Burden of Disease (GBD) 
study (2021 iteration), the most comprehensive obser-
vational epidemiological study to date [10, 11]. Our 
analyses focused on trends in ASIR, ASMR, and DALYs 

for LOCC in Iran and its provinces from 1990 to 2021, 
identifying geographic disparities and assessing tempo-
ral shifts in disease burden. To provide a forward-look-
ing perspective, we also projected future trends up to 
2040, estimating the expected burden of LOCC at both 
the national and provincial levels. Additionally, we con-
ducted a spatial analysis to detect hotspot and coldspot 
regions in 1990 and 2021, highlighting provinces with 
persistently high or low disease burdens. The findings of 
this investigation will be valuable for Iranian policymak-
ers in allocating resources for preventive measures, early 
detection initiatives, and targeted regional interventions, 
while also establishing best practices for LOCC preven-
tion and diagnosis.

Materials and methods
Study design and setting
This study employed a secondary data analysis approach, 
using data from the GBD Study 2021 [10, 12]. The GBD 
study is a comprehensive, multi-institutional effort that 
estimates the burden of various diseases and injuries 
across more than 200 countries and territories. It pro-
vides data on incidence, prevalence, mortality, Years of 
Life Lost (YLLs), Years Lived with Disability (YLDs), and 
DALYs stratified by sex and age group. While most bur-
den indicators are available from 1990 onward, mortal-
ity estimates (including YLLs) are accessible from 1980, 
as documented in the GBD Results Tool [10]. This rich 
dataset allows for the investigation of long-term trends in 
LOCC burden within Iran and its provinces [13].

Participants
The GBD study analyzes data at the population level. 
Individual participants are not directly recruited; instead, 
data are gathered from diverse sources, including national 
health surveys, vital registration systems, and disease 
surveillance reports. A complex statistical framework is 
employed to create a representative sample that encom-
passes the entire population of a specific country or region. 
This approach ensures comprehensive data collection by 
preventing participant exclusion based on specific char-
acteristics. The analysis considers factors that might influ-
ence health outcomes by incorporating adjustments [13].
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Variables
Our primary outcome variables were:

1.	 Age-Standardized Disability-Adjusted Life Years Rate 
(ASDR) – representing the burden of LOCC in terms 
of premature mortality and years lived with disability.

2.	 Age-Standardized Mortality Rate (ASMR) – meas-
uring LOCC-related deaths per 100,000 population, 
standardized for age distribution.

3.	 Age-Standardized Incidence Rate (ASIR) – capturing 
the newly diagnosed LOCC cases per 100,000 popu-
lation, adjusted for age differences

Data sources
Data were extracted from the GBD 2021 using the 
Global Health Data Exchange (GHDx) GBD Results Tool 
(http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Statistical analysis
Descriptive statistics were employed to report global 
means and 95% uncertainty intervals (UIs) for DALY 
rates, ASMR, and ASIR, stratified by sex.

Jointpoint regression
To identify temporal trends in these burden indices, 
we utilized joinpoint regression analysis. The joinpoint 
model for a series of observations (t₁, y₁), (t₂, y₂), …, (tₙ, 
yₙ) is expressed as:

where ti denotes time points (years), yi represents the 
burden indices (DALY, ASMR, ASIR rates), τₖ (k = 1, 2, …, 
K) represents the location of potential change points (K is 
the number of change points), β₀, β₁, γ₁, …, γₖ are regres-
sion coefficients, and εi represents the model error term. 
The notation (ti − τₖ) + signifies ti − τₖ if positive and 0 
otherwise. Joinpoint regression facilitates the calculation 
of Annual Percent Change (APC) in rates between esti-
mated change points using a log-transformed model:

The Average Annual Percent Change (AAPC) for each 
fitted model is estimated as a weighted mean of APCs, 
with segment lengths serving as weights [14]. Finally, 
95% confidence intervals (Cis) for APCs and AAPCs were 
computed to assess statistical significance. Joinpoint soft-
ware version 5.2.0 was used for this analysis. To deter-
mine the optimal number of change points in Joinpoint 
regression, we applied the Weighted Bayesian Informa-
tion Criterion (Weighted BIC), which is the preferred 

yi = β0 + β1ti + γ1(ti − τ1)+ ...+ γk (ti − τk )+ εi , i = 1, ..., n

APC = 100× (exp(β1 + γ1 + γ2 + ...+ γj)− 1)

model selection method in Joinpoint software. Weighted 
BIC dynamically adjusts the penalty term based on 
data characteristics, selecting between traditional BIC 
and BIC3 based on effect sizes [15]. To visualize spatial 
trends, AAPC values of ASDR, ASMR, and ASIR were 
calculated for each province. Accordingly, a province 
was colored green if AAPC > 0 (indicating an increasing 
trend), whereas a province was colored red if AAPC ≤ 0 
(indicating a stable or decreasing trend).

Projection approach
Historical data from 1990 to 2021 were utilized for model 
training, and projections were generated for the period 
up to 2040. The projection methodology employed a 
hybrid modeling approach combining Autoregressive 
Integrated Moving Average (ARIMA) [16], Exponential 
Smoothing State Space Models (ETS) [17], and Neural 
Networks [18]. This approach was selected to enhance 
the predictive accuracy by leveraging the strengths of 
each component model. ARIMA was applied to cap-
ture linear trends and autoregressive dependencies, ETS 
accounted for exponential trends and seasonality, while 
Neural Networks modeled nonlinear patterns that could 
not be captured by traditional statistical models. The 
dataset was structured as a time series, and data transfor-
mation techniques, including Box-Cox transformation, 
were considered to stabilize variance where required. 
Each time series was analyzed separately for each prov-
ince and sex category (Female, Male, and Both), with 
model selection guided by the minimization of the Akaike 
Information Criterion (AIC) and Bayesian Information 
Criterion (BIC), in addition to residual diagnostics. The 
hybrid model was implemented using the forecastHybrid 
package in R, which integrates ARIMA, ETS, and Neural 
Networks into a weighted ensemble model based on in-
sample performance. The projection procedure involved 
fitting the hybrid model for each sex category within each 
province and generating point estimates along with 95% 
confidence intervals for future years. Model uncertainty 
was quantified through the computation of confidence 
intervals derived from residual error estimates.

Spatial analysis
The spatial analysis was conducted to assess the cluster-
ing patterns of LOOC burden across Iranian provinces 
in 1990 and 2021. Global spatial autocorrelation was 
evaluated using Moran’s I to determine whether the dis-
tribution of disease burden exhibited significant spatial 
dependence at the national level. To identify local spatial 
clusters, Local Moran’s I (LISA) statistics were computed, 
allowing the detection of hotspots (high-high clusters) 
and coldspots (low-low clusters). Spatial weights were 
constructed using k-nearest neighbors (k = 5) to ensure 

http://ghdx.healthdata.org/gbd-results-tool
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each province had a sufficient number of spatial connec-
tions, avoiding isolated regions. The spatial data, includ-
ing province boundaries and centroids, were processed 
using the sf package in R, while spatial dependence was 
analyzed using the spdep package [19, 20].

Results
Increasing burden of lip and oral cavity cancers in Iran
Table  1 summarizes the changes in ASDR, ASMR, and 
ASIR of the LOCC per 100,000 person-years in Iran 
between 1990 and 2021. From 1990 to 2021, there was 
a modest increase in the ASDR and ASMR of LOCC. 
ASDR increased from 9.63 (95% UI: 8.33, 11.06) to 10.79 
(95% UI: 9.64, 12.06) per 100,000 person-years, and 
ASMR climbed from 0.40 (95% UI: 0.35, 0.46) to 0.46 
(95% UI: 0.41, 0.52) per 100,000 person-years. Notably, 
the ASIR of LOCC showed a more substantial increase, 
with cases rising from 0.61 (95% UI: 0.52, 0.70) to 0.94 
(95% UI: 0.82, 1.06) per 100,000 person-years over the 
same period. When stratified by sex, the data revealed 
interesting patterns. Both males and females experi-
enced increases in all three criteria; however, the increase 
appeared to be slightly more pronounced in females. 
AAPC by provinces were reported in Additional File 1.

Jonipoint analysis of temporal trends in ASDR for lip 
and oral cavity cancer
The log-transformed joinpoint analysis revealed sig-
nificant trends in AAPC of ASDR, ASMR, and ASIR for 
LOCC in Iran from 1990 to 2021 (Table 2 and Fig. 1).

The ASDR for both sexes combined exhibited a sta-
tistically significant increasing trend from 1990 to 2002 
(APC = 0.74%, p = 0.007). This was followed by a signifi-
cant decline from 2002 to 2005 (APC = -1.36%, p = 0.047). 
The subsequent period (2005–2011) showed a slight 
significant increase (APC = 0.72%, p = 0.050). A notable 
surge was observed from 2011 to 2015 (APC = 4.71%, 
p = 0.002). The trend then reversed, with a nonsignificant 
decrease from 2015 to 2019 (APC = -1.94%, p = 0.067). 
The most recent period (2019–2021) displayed a sig-
nificant decline (APC = -4.51%, p < 0.001). Overall, the 
AAPC for both sexes throughout the study period was 
0.34% (p < 0.001). The ASDRs for females showed a steady 
increase from 1990 to 2001 (APC = 0.58%, p = 0.008), 

followed by a significant decline from 2001 to 2004 
(APC = -1.65%, -0.53; p = 0.036). The trend remained 
relatively stable from 2004 to 2010, with a slight nonsig-
nificant increase (APC = 0.46%, p = 0.053). A pronounced 
increase was observed from 2010 to 2015 (APC = 5.24%, 
p = 0.002). This was followed by a nonsignificant decrease 
from 2015 to 2019 (APC = -2.00%, 3.05; p = 0.071). 
The significant decline continued from 2019 to 2021 
(APC = -4.54%, p < 0.001). The overall AAPC for females 
was 0.40% (p < 0.001). The ASDRs for males increased 
from 1990 to 2002 (APC = 1.00%, p = 0.023). This was 
followed by a nonsignificant decrease from 2002 to 2005 
(APC = -0.80%, p = 0.254) and a stable trend from 2005 to 
2011 (APC = 0.51%, p = 0.128). A substantial increase was 
observed from 2011 to 2015 (APC = 3.82%, p = 0.002). 
The trend from 2015 to 2019 showed a nonsignificant 
decrease (APC = -1.82%, p = 0.064), followed by a signifi-
cant decline from 2019 to 2021 (APC = -4.58%, p < 0.001). 
The overall AAPC for males throughout the study period 
was 0.35% (p < 0.001).

Jonipoint analysis of temporal trends in ASMR for lip 
and oral cavity cancer
The ASMRs for both sexes combined exhibited a sta-
tistically significant initial increase from 1990 to 2001 
(APC = 0.76%, p = 0.002), as presented in Table  2. 
This was followed by a significant decline from 2001 
to 2006 (APC = -0.67%, p = 0.031). The subsequent 
period (2006–2011) displayed a renewed increase 
(APC = 0.81%, p = 0.037). A notable surge was observed 
from 2011 to 2015 (APC = 4.99%, p < 0.001). The trend 
then reversed, with a significant decline from 2015 to 
2019 (APC = -1.82%, p = 0.038) and a further significant 
decrease from 2019 to 2021 (APC = -4.21%, p < 0.001). 
Overall, the AAPC for both sexes throughout the study 
period was 0.41% (p < 0.001). The ASMR trends for 
females generally mirrored the overall pattern observed 
for both sexes combined. There was a significant initial 
increase from 1990 to 2001 (APC = 0.58%, p = 0.004), 
followed by a decline from 2001 to 2004 (APC = -1.45%, 
p = 0.022). The rate then increased again from 2004 to 
2010 (APC = 0.61%, p = 0.024). A pronounced rise was 
observed from 2010 to 2015 (APC = 5.41%, p = 0.001). 
This was followed by a decrease from 2015 to 2019 

Table 1  ASDR, ASMR, and ASIR (per 100,000 person-years and 95% uncertainty interval) for lip and oral cavity in Iran, 1990 and 2021

Abbreviations: DALY Disability-adjusted life years, ASDR age-standardized DALY rate, ASMR age-standardized mortality rate, ASIR age-standardized incidence rate

Variable Levels 1990 2021

ASDR ASMR ASIR ASDR ASMR ASIR

Overall –– 9.63 (8.33, 11.06) 0.40 (0.35, 0.46) 0.61 (0.52, 0.70) 10.79 (9.64, 12.06) 0.46 (0.41, 0.52) 0.94 (0.82, 1.06)

Sex Female 8.39 (6.89, 9.94) 0.36 (0.30, 0.43) 0.58 (0.47, 0.70) 9.64 (8.40, 10.92) 0.44 (0.38, 0.49) 0.93 (0.80, 1.06)

Male 10.69 (8.89, 12.96) 0.44 (0.36, 0.53) 0.63 (0.51, 0.76) 11.95 (10.28, 13.40) 0.49 (0.42, 0.55) 0.94 (0.81, 1.08)
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Table 2  The log-transformed joinpoint trends of lip and oral cavity cancer ASRs by sex in Iran

Measure Sex Segment Years APC AAPC

Value (95% CI) p value Value (95% CI) p value

ASDR Both 1 1990–2002 0.74*(0.61, 0.91) 0.007 0.34*(0.26,0.39)  < 0.001

Both 2 2002–2005 -1.36*(-1.82, -0.17) 0.047

Both 3 2005–2011 0.72*(0.02, 1.6) 0.05

Both 4 2011–2015 4.71*(3.4, 5.66) 0.002

Both 5 2015–2019 -1.94(-2.3, 0.71) 0.067

Both 6 2019–2021 -4.51*(-5.78, -3.13)  < 0.001

Female 1 1990–2001 0.58*(0.44, 0.76) 0.008 0.40*(0.32,0.45)  < 0.001

Female 2 2001–2004 -1.65*(-2.1, -0.53) 0.036

Female 3 2004–2010 0.46(-0.06, 1.26) 0.053

Female 4 2010–2015 5.24*(4.6, 5.77) 0.002

Female 5 2015–2019 -2(-2.33, 3.05) 0.071

Female 6 2019–2021 -4.54*(-5.77, -3.06)  < 0.001

Male 1 1990–2002 1.00*(0.4, 1.46) 0.023 0.35*(0.27,0.42)  < 0.001

Male 2 2002–2005 -0.8(-1.3, 1.6) 0.254

Male 3 2005–2011 0.51(-0.3, 1.85) 0.128

Male 4 2011–2015 3.82*(2.59, 4.79) 0.002

Male 5 2015–2019 -1.82(-2.23, 0.54) 0.064

Male 6 2019–2021 -4.58*(-5.94, -3.17)  < 0.001

ASMR Both 1 1990–2001 0.76*(0.63, 0.91) 0.002 0.41*(0.34,0.46)  < 0.001

Both 2 2001–2006 -0.67*(-1.46, -0.22) 0.031

Both 3 2006–2011 0.81*(0.12, 1.61) 0.037

Both 4 2011–2015 4.99*(4.4, 5.66)  < 0.001

Both 5 2015–2019 -1.82*(-2.13, -1.01) 0.038

Both 6 2019–2021 -4.21*(-5.27, -3.12)  < 0.001

Female 1 1990–2001 0.58*(0.47, 0.72) 0.004 0.54*(0.48,0.58)  < 0.001

Female 2 2001–2004 -1.45*(-1.84, -0.55) 0.022

Female 3 2004–2010 0.61*(0.35, 1.06) 0.024

Female 4 2010–2015 5.41*(5.05, 5.69) 0.001

Female 5 2015–2019 -1.79*(-2.09, -1.17) 0.028

Female 6 2019–2021 -4.02*(-4.95, -2.98)  < 0.001

Male 1 1990–2002 0.97*(0.63, 1.17) 0.01 0.36*(0.29,0.42)  < 0.001

Male 2 2002–2005 -0.95(-1.4, 1.3) 0.14

Male 3 2005–2011 0.37(-0.26, 1.27) 0.122

Male 4 2011–2015 4.17*(3.49, 5.11) 0.001
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(APC = -1.79%, p = 0.028) and a significant decline from 
2019 to 2021 (APC = -4.02%, p < 0.001). The overall AAPC 
for females was 0.54% (p < 0.001). The ASMR trends for 
males displayed a pattern somewhat different from those 
of the combined sexes and females. The rate showed 
an initial increase from 1990 to 2002 (APC = 0.97%, 
p = 0.01). The subsequent periods (2002–2005 and 2005–
2011) exhibited nonsignificant changes, with a slight 
decrease from 2002 to 2005 (APC = -0.95%, p = 0.14) 
and a stable trend from 2005 to 2011 (APC = 0.37%, 
p = 0.122). A substantial increase was observed from 
2011 to 2015 (APC = 4.17%, p = 0.001). The AAPC for 
males throughout the study period was 0.36% (p < 0.001).

Jonipoint analysis of temporal trends in ASIR for lip 
and oral cavity cancer
As shown in Table 2, the ASIRs for both sexes combined 
exhibited a statistically significant initial increase from 
1990 to 2002 (APC = 1.56%, p = 0.001). This was fol-
lowed by a nonsignificant decrease from 2002 to 2007 
(APC = -0.43%, p = 0.181). The rate then increased again 

from 2007 to 2011 (APC = 2.42%, p = 0.032). A notable 
surge was observed from 2011 to 2015 (APC = 5.91%, 
p < 0.001). The trend then plateaued, with a nonsignifi-
cant change from 2015 to 2019 (APC = -0.06%, p = 0.929). 
Finally, a significant decline was observed from 2019 to 
2021 (APC = -3.78%, p < 0.001). The overall AAPC for both 
sexes throughout the study period was 1.33% (p < 0.001). 
The ASIR trends for females displayed a pattern distinct 
from that of the combined sexes. There was a significant 
initial increase from 1990 to 1993 (APC = 2.45%, p < 0.001), 
followed by a steady rise from 1993 to 2002 (APC = 1.23%, 
p = 0.018). A nonsignificant decrease was observed from 
2002 to 2007 (APC = -0.33%, p = 0.144). The rate then 
increased from 2007 to 2010 (APC = 2.25%, p = 0.01) and 
surged significantly from 2010 to 2015 (APC = 6.34%, 
p < 0.001). Similar to the combined sexes, the trend 
appeared to plateau from 2015 to 2019 (APC = 0.02%, 
p = 0.851), followed by a significant decline from 2019 to 
2021 (APC = -3.75%, p < 0.001). The overall AAPC for 
females was 1.51% (p < 0.001). The ASIR trends for males 
generally mirrored the overall pattern observed for both 

Table 2  (continued)

Measure Sex Segment Years APC AAPC

Value (95% CI) p value Value (95% CI) p value

ASIR Both 1 1990–2002 1.56*(1.38, 1.77) 0.001 1.33*(1.24,1.4)  < 0.001

Both 2 2002–2007 -0.43(-1.67, 0.36) 0.181

Both 3 2007–2011 2.42*(0.44, 3.79) 0.032

Both 4 2011–2015 5.91*(4.95, 7.04)  < 0.001

Both 5 2015–2019 -0.06(-0.59, 1.36) 0.929

Both 6 2019–2021 -3.78*(-5.33, -2.19)  < 0.001

Female 1 1990–1993 2.45*(1.64, 3.99)  < 0.001 1.51*(1.43,1.59)  < 0.001

Female 2 1993–2002 1.23*(0.69, 1.42) 0.018

Female 3 2002–2007 -0.33(-1.33, 0.19) 0.144

Female 4 2007–2010 2.25*(0.43, 4.52) 0.01

Female 5 2010–2015 6.34*(5.91, 7.08)  < 0.001

Female 6 2015–2019 0.02(-0.42, 0.71) 0.851

Female 7 2019–2021 -3.75*(-5.04, -2.32)  < 0.001

Male 1 1990–2003 1.71*(1.56, 1.88)  < 0.001 1.26*(1.17,1.33)  < 0.001

Male 2 2003–2006 -1.12(-1.69, 0.28) 0.092

Male 3 2006–2011 1.72*(0.64, 2.82) 0.025

Male 4 2011–2015 5.11*(4.1, 6.2)  < 0.001

Male 5 2015–2019 -0.1(-0.65, 1.32) 0.839

Male 6 2019–2021 -3.91*(-5.39, -2.26)  < 0.001

Abbreviations: AAPC average annual percent change, APC annual percent change, CI confidence interval, ASDR age-standardized DALY rate, DALY disability-adjusted 
life years, ASMR age-standardized mortality rate, ASIR age-standardized incidence rate; *significantly different from zero, p value < 0.05
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Fig. 1  APC trends in the ASDR, ASMR, and ASIR (per 100,000 person-years) for different sexes from 1990–2021
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sexes combined. There was a significant increase from 
1990 to 2003 (APC = 1.71%, p < 0.001). A nonsignificant 
decrease was noted from 2003 to 2006 (APC = -1.12%, 
95% CI: -1.69, 0.28; p = 0.092), followed by an increase 
from 2006 to 2011 (APC = 1.72%, p = 0.025). A signifi-
cant rise was observed from 2011 to 2015 (APC = 5.11%, 
p < 0.001). Similar to the overall and female trends, the 
rate plateaued from 2015 to 2019 (APC = -0.10%, 95% CI: 
-0.65, 1.32; p = 0.839). Finally, a significant decline was 
observed from 2019 to 2021 (APC = -3.91%, p < 0.001). The 
overall AAPC for males throughout the study period was 
1.26% (p < 0.001). Figure 1 provides a comprehensive visu-
alization of the log-transformed joinpoint trends of ASDR, 
ASMR, and ASIR for LOCC, stratified by sex and analyzed 
by ASRs across Iranian provinces.

Geographic variations in ASDR, ASMR, and ASIR for lip 
and oral cavity across Iranian provinces
Analysis of ASDR, ASMR, and ASIR revealed consist-
ent upward trends across most provinces for both sexes. 
ASDR exhibited geographical variations, with a sig-
nificant increase observed in females for all provinces 
except Tehran, which showed a decrease. Similarly, 
males displayed increasing ASDR in most provinces, 
with exceptions in Markazi, Semnan, Tehran, Yazd, and 
Kerman, where a decreasing trend was observed. These 
findings are further supported by Fig.  2, which shows a 
widespread and significant increase in ASMR for both 
females and males across most provinces throughout 
the study period. Notably, all provinces except Tehran 
exhibited increasing trends in mortality among females. 
Conversely, males showed a consistent increase in ASMR 
within 26 provinces, while a decrease was observed in 
Kerman, Kermanshah, Markazi, Semnan, and Tehran. 
Interestingly, ASIR analysis revealed a pervasive increase 
for both sexes across all provinces, with no exceptions.

Projected burden of lip and oral cavity in Iran 
and provinces from 1990 to 2040
The projected burden of disease in Iran from 1990 to 
2040 is analyzed through DALYs, deaths, and incidence 
using a hybrid forecasting model integrating ARIMA, 
ETS, and neural networks. Figure 3 shows an decreasing 
trend in DALYs, a generally stable but fluctuating pattern 
in deaths, and a continuous increase in incidence. Table 3 
presents projections for 2040, where the total burden 
in Iran is estimated at 247.45 DALYs, 11.70 deaths, and 
23.84 incidence per 100,000 population. Provinces such 
as Tehran, Alborz, Qom, Sistan and Baluchistan, Chahar 
Mahaal and Bakhtiari, and Markazi show a higher disease 
burden compared to others. Full province-specific fore-
casts from 2022 to 2040 are available in the Additional 
file 2 as Excel sheets and Figures.

Spatial shift in lip and oral cavity burden distribution 
in Iran
Figure  4 illustrates the spatial distribution of LOOC 
burden in Iran, showing that the global Moran’s I sta-
tistic was not statistically significant in 2021, indicat-
ing no strong spatial autocorrelation at the national 
level. However, local hotspot analysis revealed signifi-
cant clustering in specific provinces. In 1990, Qom and 
Alborz were hotspots for DALYs, deaths, and incidence, 
while Mazandaran and Isfahan were coldspots. By 2021, 
Qom and Alborz lost their hotspot status for DALYs and 
deaths, though Qom remained a hotspot for incidence, 
while Alborz lost significance entirely.

Discussion
Our study revealed a significant and increasing burden of 
LOCC in Iran over the past three decades, as indicated 
by trends in DALYs, mortality rates, and incidence rates 
from 1990 to 2021. Specifically, the DALYs increased 
from 9.63 to 10.79 per 100,000 person-years, and mor-
tality rates climbed from 0.40 to 0.46 per 100,000 per-
son-years. The incidence of these cancers has increased 
markedly from 0.61 to 0.94 per 100,000 person-years, 
highlighting a substantial public health challenge. Sex-
specific analyses showed that both males and females 
experienced rising trends, with females exhibiting a 
slightly more pronounced increase in these criteria. The 
log-transformed joinpoint analysis further revealed sig-
nificant AAPC in age-standardized rates (ASDR, ASMR, 
and ASIR) for both sexes combined and separately. Nota-
bly, geographical variations were observed across Ira-
nian provinces, with most showing upward trends in the 
ASDR and ASMR, except for some decreasing trends in 
specific regions such as Tehran. In addition, there were 
consistent upward trends in the ASIR across all provinces 
for both sexes. Projection analysis suggests that while 
DALYs may follow a declining trend, mortality rates are 
expected to remain relatively stable with fluctuations, 
and incidence rates are projected to rise further. By both 
1990 and 2021, the LOCC burden showed no strong geo-
graphic clustering at the national level, indicating a dis-
persed distribution. Over time, some provinces lost their 
hotspot status, while new high-burden areas emerged. 
Qom remained a persistent hotspot for incidence, 
whereas Alborz, once a high-burden region, declined in 
significance.

The current study revealed a significant upward trend 
in the ASDR, ASMR, and ASIR of LOCC in both sexes in 
Iran from 1990 to 2021. These findings align with global 
observations reported by the GBD Study. The GBD study 
reported substantial global increases in LOCC, particu-
larly in low- and middle-socioeconomic development 
index (SDI) regions, attributing a significant portion to 
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smoking, alcohol use, and tobacco chewing [21]. Simi-
larly, Hernandez et  al. (2023) reported positive correla-
tions between the incidence and mortality of LOCC and 
tobacco use prevalence worldwide [7]. Wang et al. (2023) 
further supported this, demonstrating that smoking 
remains a major global risk factor [6]. However, regional 
variations exist. Sun (2023) observed a decrease in the 
ASIR within high-SDI regions [22], and similar to our 

findings, Jokar (2023) reported a lower pooled ASR in 
Iran [23]. These discrepancies may be due to variations 
in the SDI and regional health policies. Additionally, 
factors such as regional healthcare access, early detec-
tion rates, and cultural practices regarding tobacco and 
alcohol use could explain potential differences in cancer 
trends across studies. The increasing burden observed in 
Iran, contrasted with decreasing trends in some high-SDI 

Fig. 2  AAPC of ASDR, ASMR, and ASIR of lip and oral cavity cancers from 1990–2021 in Iran
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regions, highlights the critical need for targeted public 
health interventions and policy adjustments tailored to 
the specific characteristics of each region.

Our analysis revealed a concerning increase in ASDR, 
ASMR, and ASIR of LOCC for both sexes, with a steeper 
rise in females, despite a greater overall incidence in 
males. This aligns with Jokar et al. (2023) report on gen-
der disparities in Iranian cancer rates [23]. Shamloo et al. 
(2022) further supported this trend, documenting a high 
prevalence of male squamous cell carcinoma in Iran 

[24]. Najafi (2018) and Rezapour (2018) strengthened 
the evidence for sex disparities in Iran, with Rezapour 
(2018) highlighting the economic burden of oral can-
cers [25, 26]. Similarly, Zhang et  al. (2022) projected a 
rise in LOCC incidence in China, particularly among 
men and the elderly individuals [3]. However, global 
trends appear more nuanced. Gangane et  al. (2019) 
reported a higher (2.4-fold) incidence and mortality 
of oral cavity cancer (OCC) in Indian males, likely due 
to tobacco use [27]. Conversely, Duran-Romero et  al. 

Fig. 3  Projected burden of lip and oral cavity cancers in Iran 1990–2040 using hybrid forecasting of deaths, DALYs, and incidence
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(2022) observed a decline in OCC mortality, particularly 
in males, potentially reflecting successful sun protection 
campaigns, which aligns with global trends reported by 
Miranda-Filho & Bray (2020) [28, 29]. Joinpoint analy-
sis by Duran-Romero et al. (2022) suggested shared risk 
factors for OCC, but their analysis of age, period, and 
cohort effects revealed a significant decrease in OCC 
mortality for males born after the 1950s, indicating a 
likely future decline. Conversely, female OCC mortality 

remained high throughout the study period [28]. These 
findings suggest potential sex-specific differences in risk 
factor exposure patterns and warrant further investiga-
tion. Furthermore, the rising trends observed in specific 
demographics and regions emphasize the critical need 
for targeted prevention and early intervention strategies.

In our study, we analyzed the provincial trends in the 
ASDR, ASMR, and ASIR of LOCC in Iran from 1990 to 
2021 using the AAPC. Our findings revealed a consistent 

Table 3  Projected burden of disease in Iran by province in 2040 based on forecasted DALYs deaths and incidence using hybrid 
models

Note: The projected burden of disease in 2040 across different provinces in Iran includes Disability-Adjusted Life Years (DALYs), deaths, and incidence rates, categorized 
by gender (female, male, both). These projections are based on a hybrid forecasting model that integrates ARIMA (AutoRegressive Integrated Moving Average), ETS 
(Error, Trend, Seasonality), and neural networks, ensuring robust predictions with 95% confidence intervals. DALYs measure the overall disease burden by combining 
years of life lost due to premature mortality and years lived with disability, while deaths represent the forecasted mortality rates, and incidence refers to the estimated 
number of new cases expected in 2040

Country/Province DALYs Death Incidence

Female Male Both Female Male Both Female Male Both

Iran 214.44 297.87 247.45 10.69 13.07 11.70 23.12 25.08 23.84

Alborz 11.00 9.64 10.47 0.63 0.48 0.52 1.23 0.95 1.11

Ardebil 8.29 10.66 9.63 0.38 0.46 0.40 0.74 0.90 0.81

Bushehr 5.55 8.98 6.33 0.30 0.32 0.31 0.63 0.78 0.69

Chahar Mahaal and Bakhtiari 9.20 14.93 11.64 0.40 0.60 0.52 1.00 1.25 1.12

East Azarbayejan 7.08 9.27 8.52 0.36 0.51 0.42 0.71 0.95 0.86

Fars 6.46 8.22 6.86 0.28 0.33 0.28 0.52 0.64 0.61

Gilan 5.65 7.61 6.68 0.27 0.36 0.32 0.80 0.68 0.61

Golestan 8.22 9.39 7.31 0.33 0.37 0.41 0.69 0.65 0.63

Hamadan 6.69 7.08 5.93 0.31 0.32 0.29 0.61 0.58 0.56

Hormozgan 5.38 10.44 7.03 0.28 0.41 0.32 0.48 0.66 0.58

Ilam 6.91 6.48 7.12 0.33 0.37 0.35 0.69 0.68 0.70

Iran 7.11 11.94 8.54 0.43 0.49 0.44 0.85 1.03 1.02

Isfahan 6.58 7.52 6.98 0.32 0.32 0.34 0.66 0.71 0.74

Kerman 4.17 7.26 6.84 0.21 0.34 0.28 0.48 0.59 0.57

Kermanshah 4.47 7.49 5.19 0.25 0.31 0.27 0.53 0.53 0.45

Khorasan-e-Razavi 6.98 10.07 7.41 0.32 0.41 0.39 0.65 0.74 0.67

Khuzestan 7.44 7.43 7.29 0.38 0.29 0.33 0.70 0.67 0.62

Kohgiluyeh and Boyer-Ahmad 6.07 9.25 7.66 0.27 0.34 0.29 0.61 0.74 0.68

Kurdistan 6.30 12.48 8.23 0.29 0.48 0.41 0.62 0.80 0.71

Lorestan 3.36 5.16 4.01 0.17 0.27 0.18 0.40 0.52 0.38

Markazi 8.01 13.51 11.02 0.42 0.52 0.41 0.80 0.89 0.92

Mazandaran 5.93 5.84 5.72 0.28 0.23 0.30 0.74 0.56 0.56

North Khorasan 3.05 6.33 4.63 0.14 0.25 0.18 0.29 0.48 0.36

Qazvin 5.10 8.16 6.61 0.31 0.45 0.30 0.59 0.79 0.66

Qom 8.48 13.53 11.39 0.48 0.54 0.51 0.99 1.02 1.05

Semnan 3.28 4.56 3.85 0.19 0.45 0.30 0.42 0.73 0.65

Sistan and Baluchistan 16.72 20.91 18.73 0.74 0.78 0.75 1.37 1.37 1.30

South Khorasan 4.49 7.32 5.79 0.21 0.30 0.24 0.41 0.53 0.50

Tehran 10.46 7.81 9.97 0.54 0.43 0.48 1.73 1.26 1.52

West Azarbayejan 7.20 11.52 8.74 0.38 0.48 0.46 0.80 0.82 0.84

Yazd 5.13 5.89 5.11 0.29 0.40 0.40 0.95 0.67 0.69

Zanjan 3.70 11.18 6.25 0.20 0.48 0.29 0.43 0.90 0.67
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Fig. 4  Spatial distribution of hotspots and coldspots in lip and oral cavity cancers burden across Iran – 1990 and 2021
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increase in the ASIR across all provinces. Tobacco and 
alcohol consumption are significant risk factors for these 
cancers [30]; however, despite the GBD report indicating 
a decline in alcohol consumption in Iran, no correspond-
ing decrease in LOCC incidence has been observed. This 
discrepancy might be explained by the prevalent use of 
opioids in Iran, which has been increasing over the past 
thirty years [31]. Opium consumption is known to con-
tribute to the initiation of cancers in the lip and oral cav-
ity [32]. While the reasons behind the greater increase 
in the ASIR for LOCC among women compared to men 
are unclear, Luna-Ortiz et al. noted that women are more 
likely to have lesions on their upper lips, which could 
partially account for the increased incidence in females 
[33]. Additionally, our results indicated an increase in the 
AAPC in ASDR and ASMR for LOCC in Iran, except in 
specific provinces such as Tehran. This increase was more 
pronounced in women than in men. Several factors could 
be driving the upward trend in AAPC of ASDR, ASMR, 
and ASIR for LOCC in Iran. Firstly, lifestyle changes and 
greater exposure to risk factors, such as human papillo-
mavirus infection (HPV) infections, have likely contrib-
uted to the overall rise in LOCC rates. Rezaee Azhar et al. 
(2022) documented an increase in HPV infections over 
the past decade in Iran [34]. Socioeconomic and envi-
ronmental factors, such as poor diet and poor air quality, 
may also play significant roles [35, 36]. The higher AAPC 
in women compared to men might be due to lower base-
line rates of such cancers in women historically, leading 
to a steeper percentage increase when exposed to simi-
lar risk factors. Changes in social norms and behaviors, 
such as increased smoking rates among women in recent 
decades, might be accelerating the incidence and mortal-
ity rates. Improved healthcare access and better cancer 
detection among women could also be contributing to 
these trends, identifying cases that previously went undi-
agnosed or untreated. In some provinces such as Tehran, 
where the AAPC in these criteria for LOCC has shown 
a negative trend, factors such as better healthcare infra-
structure, increased public awareness, and effective can-
cer prevention and control programs could lead to earlier 
detection, more effective treatment, and reduced expo-
sure to risk factors. These targeted health interventions 
and public health policies might successfully curb the 
growth of LOCC incidence and mortality in these areas.

Joinpoint regression analysis revealed distinct temporal 
trends in ASDR, ASMR, and ASIR of LOCC in Iran. The 
data show an increasing trend until 2015, followed by a 
period of relative stability from 2015 to 2019 and lastly, 
a decreasing trend from 2019 to 2021. Several factors 
could contribute to this observed pattern. The introduc-
tion of the HPV vaccine, Gardasil, in Iran’s private sec-
tor between 2011 and 2015 coincides with the observed 

plateau and subsequent decline in LOCC rates [37]. 
While data on widespread vaccine uptake are limited, 
the significant increase in Gardasil vial sales suggests a 
growing awareness and potential for a delayed impact 
on HPV-related cancer rates. This period might have 
also seen improvements in public health initiatives and 
screening programs, potentially influencing the trends. 
Therefore, a combination of factors, including increased 
awareness of risk factors, enhanced cancer screening and 
treatment efforts, and potentially, HPV vaccination in 
the private sector, could collectively explain the observed 
changes in LOCC trends in Iran. Further research with 
more comprehensive data on HPV vaccination rates is 
needed to definitively assess its contribution.

Shield et  al. (2016) projected a 62% increase in LOCC 
incidence, reaching 856,000 cases by 2035 [8], primar-
ily driven by demographic shifts and lifestyle factors such 
as smoking and alcohol consumption [38]. In line with 
these global projections, our study revealed a continu-
ous upward trend in LOCC incidence in Iran until 2040, 
emphasizing the growing public health burden. This ris-
ing incidence inevitably influences mortality trends, yet 
its impact varies by demographic factors. Dai et al. (2024) 
reported an increase in ASMR among males but stabil-
ity among females for risk-related early-onset oral cavity 
cancers [39], while Infante-Cossio et  al. (2022) identified 
higher female mortality rates for OCC between 2040 and 
2044. Despite these projections [28], our study suggests 
that mortality rates in Iran will remain relatively stable 
with fluctuations, potentially due to advancements in early 
detection and treatment, which may mitigate the fatal con-
sequences of increasing incidence. This stabilization in 
mortality aligns with our findings on DALY trends, which 
also exhibit a relatively steady trajectory, reflecting a bal-
ance between rising incidence and potential improvements 
in survival rates and healthcare accessibility. Despite this 
apparent stability, the continued rise in LOCC incidence 
necessitates sustained preventive strategies to avoid future 
strain on healthcare resources. Notably, our study is the 
first to provide DALY projections for LOCC in Iran and 
globally, underscoring its unique contribution.

Limitations
Although the GBD study offers a comprehensive assess-
ment of the LOCC burden in Iran, limitations exist. Data 
quality can vary across regions due to the reliance on sec-
ondary sources such as surveys and vital registries. Addi-
tionally, the GBD’s focus on aggregated data, rather than 
individual participants, may introduce biases. However, 
the GBD employs robust statistical methods to account 
for these limitations, enhancing the reliability of its esti-
mates. Importantly, the GBD study design is observational 
and cannot establish causal links between risk factors and 
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LOCC trends. Joinpoint analysis, used to identify temporal 
trends, can be sensitive to change point placement, poten-
tially affecting interpretation. Nevertheless, the GBD’s 
methodological strengths and extensive data integration 
provide valuable insights into regional and temporal varia-
tions in LOCC burden, informing public health strategies.

Conclusion and further directions
Our study revealed a concerning and significant increase 
in LOCC burden in Iran over the past three decades, 
reflected in rising age-standardized rates (ASDR, ASMR, 
and ASIR) across the country. While our projections sug-
gest that mortality and DALY rates will remain relatively 
stable with fluctuations, incidence is expected to con-
tinue rising until 2040, highlighting a persistent public 
health challenge. This trend highlights the need for mul-
tipronged public health interventions tailored to address 
regional variations and potential sex-specific risk factors. 
While traditional risk factors such as tobacco and alcohol 
consumption remain crucial areas for focus, the observed 
increase in HPV incidence and the plateauing/decline in 
LOCC rates following the private sector introduction of 
the HPV vaccine warrant further investigation. Incorpo-
rating routine HPV vaccination for both sexes at the rec-
ommended age of 11–12 years [36], alongside continued 
efforts to reduce tobacco, alcohol, and opioid consump-
tion, improve early detection programs, and enhance 
public awareness, could be a crucial preventive strategy. 
Future research with more comprehensive HPV vaccina-
tion data and long-term impact analysis is vital to defini-
tively assess its effectiveness in the Iranian context.
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