
Methodological appendix: The age-period-cohort-interaction model 

 

Many methods have been developed under the traditional age-period-cohort (APC) framework 

including the intrinsic estimator and the hierarchical APC model.  In addition to methodological 

concerns,1–3 these methods assume that cohort effects can be differentiated when the influence of 

social changes is uniform across age groups.  That is, regardless of the identification strategies, 

they all attempt to identify the independent and additive effects of age, period and cohort on 

crime trends.  However, it has been argued that this traditional framework contradicts the 

demographic literature that clearly defines cohort effects in the age-period specification.4–7  The 

age-period-cohort-interaction (APC-I) model conceptually differs from the traditional APC by 

explicitly modeling cohort effects as an interaction between age and period main effects; that is, 

considering cohort effects as the differential effects of social changes and evens depending on 

age.  By so doing, the APC-I model is consistent with the conceptualization of cohort effects.  It 

acknowledges the inherent interactive nature of age, period and cohort and does not attempt to 

estimate the linear or nonlinear cohort effects that are independent or additive to age and period 

effects as defined in the problematic traditional APC framework.  

In its simplest form, the APC-I model can be written as: 

𝑔(𝐸(𝑌!")) = 𝜇 + 𝛼! + 𝛽" + 𝛼𝛽!"($), (1) 

where 𝐸(𝑌!") denotes the expected obesity status 𝑌 for the 𝑖th age group in the 𝑗th period 

of time; 𝑔 is the "link function" (e.g., logit for a binary outcome); 𝛼! denotes the mean difference 

from the global mean 𝜇 associated with the ith age category; 𝛽" denotes the mean difference 

from 𝜇 associated with the 𝑗th period; 𝛼𝛽!"($) denotes the interaction of the 𝑖th age group and 𝑗th 

period group corresponding to the effect of the 𝑘th cohort.  Note that except for the youngest and 
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oldest cohorts, the effect of one cohort includes multiple age-by-period interaction terms 𝛼𝛽!"($) 

as the cohort ages over time. To investigate regional variation in temporal patterns in obesity for 

each race-sex group, we extend the APC-I model to include a three-way interaction term among 

region, age and period and estimate the model separately by race-sex groups.  Specifically, we 

estimate the following model for each race-sex group with and without socioeconomic 

covariates: 

𝑔(𝐸(𝑌!")) = 𝜇 + 𝛼! + 𝛽" + 𝑟𝑒𝑔𝑖𝑜𝑛& + 𝛼𝛽!"($) + 𝑟𝑒𝑔𝑖𝑜𝑛& × 𝛼! + 𝑟𝑒𝑔𝑖𝑜𝑛& × 𝛽" +

𝑟𝑒𝑔𝑖𝑜𝑛& × 𝛼𝛽!"($),  (2) 

where 𝐸(𝑌!"), 𝑔,	𝜇, 𝛼!, 𝛽", and 𝛼𝛽!"($) are defined earlier; 𝑟𝑒𝑔𝑖𝑜𝑛& denotes the main effects of 

residing in region 𝑙; the interaction terms between 𝑟𝑒𝑔𝑖𝑜𝑛& and 𝛼!, 𝛽", and 𝛼𝛽!"($) represent 

regional heterogeneity in age, period, and cohort patterns.  

For each demographic group, we began with an APC-I model with all two-way and three-

way interactions.  Results of the full model suggest little regional variation in age or period 

trends (p>.3 for all demographic groups) but significant cohort effects (characterized as age-by-

period interactions, p<.001 except for White men) and substantial regional variations among 

cohorts for Black men and White women (p<.001).  We thus focus on the more parsimonious 

model without the two-way interaction between region and age or period in subsequent analysis.   

A distinct type of APC models that is also theoretically informed is the mechanism-based 

model.8  The mechanism-based model requires researchers to specify age-, period-, and cohort-

specific mechanisms (e.g., education or relative cohort size as a cohort-related mechanism) under 

a causal inference framework to identify the unique contribution of the three variables to 

homicide trends. This causal approach is beyond the scope of the current research, but we 
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consider our APC-I analysis as a first step towards understanding the mechanisms underlying 

age, period, and cohort effects on obesity. 
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