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( “Identification of the causes of the
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BEORAZ AP, ( “What are the
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 REROEM, ( “What is the causal
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~{ “Identification of the solutions to the
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MBICH T BRI AD. ( “What are the
solutions?” )
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mechanism through which the problems are

solved?” )’
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[Abstract)

Although Japan experienced a transient increase followed by sudden decrease in the
reported number of HIV infections among the non-Japanese in 1991-1992, we still do not
have an explanation with persuasive power for the trends of HIV infections among the
non-Japanese. Our study investigated ecological associations {associations between ag-
gregated risk factor and outcome) between reported number of HIV infections and esti-
mated number of HIV-infected among the non-Japanese staying in Japan, focusing specifi-
cally on those originating from six selected Southeast Asian countries. Through the use of
backcalculation method, the crude time-series prevalence of HIV infections in each
country of our subject was estimated. Furthermore, we estimated the crude number of
HIV-infected among foreign nationals from Southeast Asian countries who were staying in
Japan between 1986 and 2001, and performed univariate and multivariate linear regression
analyses in order to investigate ecological associations. Both the number of foreign
nationals from Southeast Asian countries (adjusted R?=0.2800) as well as the estimated
number of HIV-infected among them {(adjusted R?=0.6007) could roughly predict the
reported number of HIV infections in Japan. Our model suggested that the trends in the
number of foreign nationals from Southeast Asian countries with the simultaneous back-
ground of ongoing HIV epidemic was the major factor that influenced the trends of the
reported number of HIV infections. Other possible factors affecting the trends of the
reported number of HIV infections among non-Japanese were discussed.

1. Introduction

Today, the increased volume in the borderless movement of peoplé is enhancing the likelihood of
an infectious disease spreading faster than it ever did in the past (Wilson 1995). The worldwide
spread of HIV infection, at least in the early stage of the epidemic, was certainly due to an
international population movement and to a certain extent to the trade in blood products. The
rapidity with which HIV has spread to the rest of the world after the discovery of its first case in
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1981, owes much to the enormous growth both in the volume and the frequency of long distance air
traffic during the last 20 years (Flahault & Valleron 1990). Japan has not been spared from such
effects of globalization, and it therefore seemed critical to investigate the epidemiology of HIV/
AIDS in Japan from an international perspective, taking into account the trends in the international
movement of people as well as the trends of HIV/AIDS in other countries. Here in this paper,
“migrants” refer to all foreigners registered in Japan by the Immigration Bureau of Japan. All
foreigners, legally entering Japan, are registered and thus “migrants” not only include permanent
and semi-permanent residents of Japan but also students and travelers.

To date, more than 30 percent of the cumulative number of HIV dlagnoses and more than 25
percent of the cumulative number of AIDS cases in Japan consist of non-J apanese (Committee of
AIDS Trend 2003). However, it has so far been extremely difficuit to quantify the overall trend of
HIV/AIDS among the migrants due to the complexity of the nature of its characteristics. Firstly,
the impacts of population movements themselves on the trends of HIV/AIDS in Japan have been
difficult to be incorporated into the analytical considerations. Furthermore, migration records are
often incomplete and this made more difficult to get the denominating figure of the people
migrating. Secondly, the data heavily depend on patterns of HIV testing and reporting, which may
vary from year to year, and also between various regions within Japan. Although Japan experi-
enced a sharp/transient increase followed by a sudden decrease in the number of HIV diagnoses in
1991-1992 (Inaba 1994), we do not yet have a persuasive explanation for this phenomenon at a
nationwide level due to the problems described above. Kihara et al. (1995a) investigated the possible
reasons for the rapid increase and concluded that it was mainly due to the increase in the number
of heterosexually-infected females of Asian origin who were infected in their home countries as well

. as possibly in Japan after their arrival, and to the possible changing rate of diagnosis. In a separate
study, Hashimoto et al. (1995) attributed the sudden subsequent decrease to the reduction in the
volume of migration from a country in Southeast Asia. However, their argument is supported by
descriptive epxdem:ologlc investigation and not by the stronger evidence considering detalled trends
of HIV/AIDS in each home country.

Therefore, we believe that even an aggregate rzsk study (ecologmal study’ in epldemlology) to
investigate the correlation between the observed trends and crudely estimated prevalence, which
would provide us with a hypothesis, could contribute to further understanding of the impact of
migration as well as trends of HIV/AIDS in their home countries on the epidemiology of HIV/AIDS
among foreign nationals staying in Japan. Based on previous studies as mentioned above, we, in
this paper, have specifically focused on the migrants from Southeast Asia. The purpose of this
study is to analyze the impact of international migration through investigating, by means of the
mathematical and statistical models, the ecological correlation between the reported numbers of
HIV infections and the estimated number of HIV-infected people among non-Japanese from
Southeast Asian countries.

2, Mater'ials and Methods

- 2.1. Subject : Population census

We'selected six countries in Southeast Asia as subjects of our study. Another three were excluded
due to the lack of reliable data on the cumulative riumber of AIDS cases in each home country-in
time series, or to too small a number of migrants appearing on the official record of ‘the Japan
Immigration Bureau as compared to the other six countries. For ethical reasons; we here describe
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these countries anonymously as countries A, B, C and so on. The estimated population between
1986 and 2001 in each country by sex and age groups was obtained from an on-line resource of the
United Nations Population Division (2003). '

In order to estimate the number of migrants from Southeast Asian countries at a given point of
time in the time-series, we here developed a simple discrete-time mathematical model. The number
of foreign nationals entering and leaving Japan from 1986 to 2001 was derived from an annual
statistical report (The Immigration Bureau, Ministry of Justice 1987-2002). With the use of this
resource data, we estimated the number of foreign nationals staying in Japan in a given year by:

Ne=2(Li— Ue:+ Fi+ Uf)— Es+{fac—ex )] ' [1]

Here, I: denotes the number of immigrations in the year {. Ue:, F, Ufrand E: are the number of
unknown emigrants, forced emigrants, illegal immigrants, and emigrants, respectively, within a
year after an arrival (Yoshivama & Nishiura 2003). In addition, we took the number of repeaters
(frequent migrants) into consideration in order to cancel the effect of frequent repeaters entering
and leaving Japan. In this way, fr: and es: in eqn. [1] denote the number of immigrants and
emigrants whose reentry was accepted.

2.2. Subjeet: Time-series nationwide HIV prevalence in Southeast Asian countries

To obtain the time-series number of HIV-infected persons in each home country, we used two
resources : the HIV/AIDS Surveillance Database produced by the United States Bureau of the
Census (USBC 2002), and the AIDS Epidemic Update by the joint United Nations Programme on
HIV/AIDS (UNAIDS 2003}. With the use of the cumulative number of AIDS cases in each home
country in yearly time-series, each of which was reported only by UNAIDS, we estimated the crude
nationwide prevalence of HIV in each six country as mentioned above in Southeast Asia. We
applied a backcalculation method. The point process of new HIV infections in each country was
considered, and we assumed the lengths of the incubation periods (here defined as from infection
to AIDS diagnosis) were independent, identically distributed variables with probability density
function (PDF) w(7). Let r be the time between infection and AIDS diagnosis and w(z) be the PDF
of this incubation time r. We here describe the PDF of incubation period of HIV infection with the
use of Weibull distributions whose density function is deterrmined by ¢ and £, shape parameter and
scale parameter, respectively. Backcalculation is based on the underlying relation between the
number of new AIDS cases in time t to t-+ dt which we will denote a(t), and the number of new
HIV infections &(s) at time s since the start-of the epidemic at time (s=0). Therefore, the formula
is given by :

a(t)= [ ;k(t— Dw(r)dr [2]

Normally we estimate the number of HIV-infected in a time series (obtaining 2(2)) by inverting the
equation [2] (deconvolution) with a(#) and w (Brookmeyer & Gail 1988). Since our purpose was
not to estimate the time-series number of HIV infections in each country itself, a detailed descrip-
tion could be found elsewhere (Suhama & Kakehashi 2000). On the other hand, the yearly number
of reported HIV infections among the non-Japanese from Southeast Asian countries was cbtained
from an annual report in Japan (Committee of AIDS Trends 2003).
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2.3. Estimation of the crude number of HIV-infected persons among migrants
staying in Japan ' ' ‘

- With the use of population number and estimated number of HIV-infected persons in each
country, crude nationwide point prevalence was derived between 1986 and 2001. Although it is
clearly a rough assumption to make, the approximate number of HIV-infected persons among
foreign nationals staying in Japan, for each six country, was estimated by simply multiplying the
nationwide prevalence of HIV of their home country by the number of migrants at a given point of
time. Using eqn. [1], the prevalence of HIV among those who entered in the vear i but stayed until
the year i+#({fro any t) was considered to be the same as that of year 7. That is, another
assumption in our analysis was that one would never get infected after entering Japan, although in
reality some such occurrences had been observed. The estimates of HIV.infected persons among
foreign naticnals staying in Japan therefore reflect the volume of migration as well as the trend of
HIV/AIDS in their home countries.

2.4. Statistical analysis

All data were entered using Microsoft Excel 2000 (Microsoft Corporation, Redmond, WA). The
statistical data were analyzed using free statistical software ‘R’ (R Development Core Team 2004).
Comparisons between the estimated number of HIV-infected persons among foreign nationals of
Southeast Asian origin staying in Japan (here denoted as the total number of HIV-infected persons)
and the reported number of HIV infections among them were performed using the simple linear
regression model in time-series to assess the univariate association in time-series. We used Box-Cox
profiles to assess the need for transformations of the number, and the raw number was found to be
roughly adequate in all cases (Box & Cox 1964). In addition, a multiple linear regression model was
employed to determine the countries of risk significantly associated with the trend of HIV notifica-
tion. In order to avoid complications of multicollinearity, we evaluated tolerance and it was found
there were no significant collinearities between variables (no independent variables with excessively
smal! tolerance). Further, we selected the set of variables to be included in the final model by the
backward stepwise method. The estimates of regression coefficients and the corresponding stan-
dard errors were calculated using the variables significantly associated with the reported number
of HIV infections among foreign nationals from Southeast Asian countries. Comparisons were
performed in the same way between the number of foreign nationals and the reported nurmber of
HIV infections in Japan. Residual analysis was performed in order to validate muitiple regression
analysis statistically, and we confirmed the plots in which residuals do not exhibit any systematic
structure.

3. Results

3.1. Number of migrants and reported number of HIV infections

Fig. 1 shows the depicted relation between the total number of foreign nationals at a point of time
{each year) and the newly reported number of HIV infections in a year between 1986 and 2001 in
Japan. It should be noted that a different scale for the vertical axes were used in order to make the
comparison easier. Roughly speaking, a steep increase in 1992 and a sudden decrease thereafter
seemed to correspond with the trends of the number of foreign nationals staying in Japan. Although
simple linear regression between the total number of migrants in our subject and the reported HIV
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Fig.1. Number of Migrants versus Reported Number of HIV infections

Steep increase followed by sudden decrease between 1991 and 1992 seems to be originated
from an increase in migrants. Our subject included the number of migrants from six-selected
countries in Southeast Asia region.

infections appeared significant {(p=0.03505), an adjusted coefficient of determination, adjusted R?,
was 0.2800 (with 0.0005 and 0.0005 of the regression coefficient of intercept and slope, respective-
Iy).

3.2. Estimated number of HIV-infected persons and reported number of HIV
infections '

The estimated numbers of HIV-infected persons among foreign nationals from each Southeast
Asian country are given in Fig.2. This figure compares the estimates to the newly reported number
of HIV infections in a year using a different scale. Crude estimation seemned to give us a better
corresponding curve to the reported number of HIV infections. Although it is not appropriate to
compare prevalence (estimated number of HIV-infected persons) to incidence (reported HIV infec-
tions), this analysis was done in order to investigate the correlation between HIV infection and
migration and/or trend of HIV/ AIDS in each home country. However, this also was not perfectly
consistent with the reported number of HIV infections, especially after 1999 . The regression model
turned out to have a significant association (p=0.000421) with an adjusted R?, 0.6007 (0.2692 and
0.0587 for the regression coefficient of intercept and slope, respectively).

3.3. Maultivariate analysis of the countries associated with the reported number of
HIYV infections : :

Fig. 3 shows the trends of the number of foreign nationals in residence at a given point of time
{each year) by countries covered in our study. Although the trend of sharp increase and decline in
1991 could be seen, other years, such as 1996, show different directions for each country in rate of
change of movements. A multiple regression analysis concerning the number of migrations (Tabie
1) shows an overall strong association for predicting the reported number of HIV infections. Four
of the six countries were identified as being in the model. On the other hand, Table.2 shows another
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Fig. 2. Estimated Number of HIV-infected versus Reported Number of HIV
infections

Estimated number of HIV-infected seems to reflect steep increase from 1991 to 1992 much

better than only migratory data (Fig.1}). The estimated number was derived in discrete-

time, and here denoted as the number at a point of time {(by each vear).
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Fig. 3. Trends of Foreign Nationals from Southeast Asian Countries (by country)

Annual rate of change might reflect economic, political or other situations. Volume and
detailed trends are highly variable among countries.

model concerning the estimated number of HIV-infected persons among migrants. This appeared
to be roughly predictable, and three countries were included in the final model in the stepwise
method. The latter model identified the countries C (p=0.021}), D {p=0.017) and F (p <0.001) as
those statistically associated with the reported number of HIV infections from 1986 to 2001.
Country C was included in both final models as a significant variable while country D, whose
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Table 1 Multiple regression analysis for the reported number of HIV and migrants
from Southeast Asian countries**

- Independent variables Parameter coefficient -  S.E. t p

Intercept constant - —20.452 12.560 —1.628 0.132
+ Country A ' 0.011 0.005 —2.314 0.041 -
* Country B 0.007 0.003 2.147 0.055
+ Country C 0.008 0.001 © 6,100 <0.001
- Country E 0.005 0.003 1.865 0.089

**adjusted R?=0.858 (F value=23.716, p <0.0004).

Dependent variable: the reported number of HIV among non-Japanese from Southeast Asian
countries

Weighed variable: inverse (population}

Table 2 Multiple regression analysis for the reported and estimated number of HEV
infections from Southeast Asian countries**

Independent variables Parameter coefficient S.E. t P
Intercept constant —31.208 20.104 —1.552  0.147
« Country C 47.927 18.105 2.647 0.021
+ Country D —10.979 3.972 —2.764 0.017
- Country F 0.317 0.062 5.125 <0.001

**adjusted R?=0.780 (F value=18.757, p <0.0004).
Dependent variable: the reported number of HIV among non-Japanese from Southeast Asian

countries
Weighed variable: inverse (population}

number of migrants formed a large part of the total (Fig. 3), was found only in the latter model.
4. Discussion

Even though tpere were certainly rough assumptions in our estimates, it was found that the trends
of HIV infections among non-Japanese from Southeast Asian countries were roughly predictable,
in its qualitative patterns, with the use of crude mathematical models. Both the number of foreign
nationals from Southeast Asian countries and the estimated number of HIV-infected persons among
them indicated that the changes in the trends of the reported number of HIV infections would
mainly be attributable to the changes in the extent of migration. ‘The estimated number of
HIV-infected persons among foreign nationals staying in Japan reflects not only the extent of
migration but also the trend of HIV/AIDS in their home countries. Therefore, it could be hypothes-
ized that the trends in the number of foreign nationals from Southeast Asian countries with
simultaneously ongoing HIV epidemics with their own controlled situations is one possible major
factor that triggered the sharp increase followed by the sudden decline in the number of reported
HIV infections in 1991-1992. Although the reported number of HIV infections among non-Japanese
is not perfectly reliable due to several reasons as aforementioned, the figures are more likely to
reflect the real situation than the reported number of AIDS cases would (because AIDS cases among
foreign nationals might not be well-reported compared to Japanese nationals, and also because the
cases are more likely to go back in their home countries for treatment) (Hashimoto et al. 2000}.

The years 1991-1992 were the times when the economic crisis in Japan peaked (Itoh 1999). It has
already been documented that when the economic bubble burst, foreign nationals working in Japan
returned to their home countries. The increase in the volume of emigration as well as the decrease



