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Calculation of standardized certification ratio (SCR) using Bayesian 
hierarchical Poisson regression 
 

Objective 
There is substantial variation in the population 
size among municipalities (cities, towns, and 
villages) in Japan, ranging from only a few 
hundred to one million, and the certification 
rate for long-term care insurance (LTCI) in 
municipalities with a small population size is 
expected to show extreme fluctuation. This 
calculation aimed to correct the fluctuation of 
standardized certification ratio (SCR) for 
LTCI, using Bayesian hierarchical Poisson 
regression [S1-S4]. 
 
Methods 
The basic units of the SCR calculation were 
municipalities, since each municipality has an 
insurance union (N=2816). Besides, there are 
insurance alliances (N=61) managed with 
neighboring municipalities. In these cases, the 
units included multiple municipalities. 

The secondary medical care zone (SMCZ) 
was used as a higher level in the Bayesian 
hierarchical regression model. Each prefecture 
was divided into multiple SMCZs defined by 
prefectural governments for medical care 
planning according to the Medical Service 
Law. There were 360 SMCZs across Japan in 
2000, each of which consisted of neighboring 
municipalities and covered a population of 
300,000 on average. SMCZ was defined in 
consideration of the area of the resident’s daily 
life, and medical care planning including 
resource allocation of primary to tertiary 
health care was conducted based on this zone. 
It was confirmed by previous studies that 
SMCZ is suitable for the prior distribution in 
estimation of empirical Bayes standardized 
mortality ratio of municipalities [S5,S6]. 

For municipality i of SMCZ j, we 
modelled the observed number of certificated 
persons Oij as a Poisson realization:  

 

Oij ~ Poisson (πij) 
 
log(πij) = log(Eij) + β + vj + uij 
 
vj ~ N(0,σv

2), uij ~ N(0,σu
2) 

 
where πij and Eij are the predicted and 
expected number of certificated persons, 
respectively, and the intercept includes the 
grand intercept, β, varying across SMCZ and 
municipalities via random effects vj and uij, 
respectively [S1,S2,S9]. The observed number 
of certificated persons by municipality was 
obtained from the database of the Welfare and 
Medical Service Agency [S7]. The expected 
number of certificated persons was calculated 
from the population aged over 65 of the unit 
and the age-specific certification rates of the 
national data, in which the age categories were 
65-69, 70-74, 75-79, and 80+ years [S8]. 
Parameters were estimated using Markov 
chain Monte Carlo (MCMC) procedure [S9]. 
The starting values of the simulation were 
given by the iterative generalized least square 
(IGLS), and for the Bayesian calibration of the 
model non-informative priors for the fixed 
parameter and variance terms were provided 
as follows: p(β) ос 1 and p(1/σv

2), p(1/σu
2) ~ 

Gamma(ε,ε), where ε was very small [S10]. 
The simulation was performed by Gibbs 
sampling with a burn-in of 500 iterations 
followed by 5000 further iterations. Then, 
Bayesian SCR was predicted using the 
regression equation [S1,S2]. The analysis was 
conducted using MLwiN 1.10 [S10]. 
 
Results 
The crude and Bayesian SCR according to 
population size are shown in Table S1, with 
the data by the size of municipalities. The 
crude SCR for total municipalities ranged 
from 24.8 to 178.0 with standard deviation 
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(SD) of 18.3, while the Bayesian SCR ranged 
from 46.8 to 161.3 with SD of 16.2. The 
decrease in the variation of Bayesian SCR 
compared to the crude SCR was pronounced 
for municipalities with smaller population: SD 

among these municipalities with a population 
less than 10,000 (N=1303) changed from 20.1 
for the crude SCR to 16.3 for the Bayesian 
SCR. 

 
 
Table S1  Crude and Bayesian standardized certification ratio (SCR) for long-term care 
insurance by municipality in Japan. 

Crude SCR Bayesian SCR 
Size of municipalities a Mean±SD (range) Mean±SD (range) 

Total 90.5±18.3 (24.8-178.0) 90.5±16.2 (46.8-161.3) 
Small (N=1303) 91.5±20.1 (24.8-178.0) 91.5±16.3 (52.4-161.3) 

Medium (N=1621) 88.2±17.0 (40.3-149.1) 88.2±16.3 (46.8-147.6) 
Large (N=221) 97.0±13.3 (64.5-151.7) 96.9±13.2 (64.7-151.3) 

a Small = municipalities with a population of less than 10,000; Medium = municipalities with a population 
of 10,00 to 100,000; Large = municipalities with a population of more than 100,000. 
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