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Abstract

In a case-control study, controls have to be selected from the population where cases are identified. However,
there is an idea to make common controls applicable for different case-control studies, which could reduce
study costs. This study compared methylenetetrahydrofolate reductase C677T among subjects from different
studies, to examine the applicability of combined subjects as controls. Case-control studies and cross-sectional
studies with more than 100 Japanese controls or subjects were selected from PubMed in December 2008. Between
1996 and 2008, 31 eligible studies with 14,510 subjects in total were published; the 677T allele frequency varied
from 0.300 to 0.438. The genotype frequencies were all in Hardy-Weinberg equilibrium. The average weighted
with the number of subjects was 0.385. The 95% confidence interval (95%CI) of 10 studies did not include the
weighted average. The study whose proximal limit of 95%CI was furthest from the weighted average was removed,
and then the weighted average was recalculated. Through the process, 7 studies were excluded, resulting in the
remaining 24 studies having a 95%ClI including the weighted average (0.391) with 10,854 subjects. Of the 7
excuded studies, one was from patients enrolled in a clinical study (0.431), two were relatively isolated (0.300
and 0.438), two were published ten years ago (0.315 and 0.334), one was from a study whose allele frequency of
female subjects was 0.382 (0.436), and one had a large sample size (0.360). This example demonstrated that the
allele frequency of MTHFR 677T was in common among 24 out of 31 Japanese studies, suggesting that the
calculated allele frequency could be used for Japanese case-control studies, whose cases are sampled in a general
population.
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Introduction intractable diseases were challenged to make common
controls for several different diseases, although
In a case-control study, controls have to be selecteghidemiologists realized the problems and limitations
from the population that cases are identified. If controlgoncerning the controls because of potential confounding.
are selected in a different population, the prevalence gfecent epidemiologic studies on genetic polymorphisms
the factor under study may differ between cases angtopose new situations concerning controls. In general,
controls, which causes selection bias in the associatigiilele/genotype frequencies are independent of sex, age,
between the factor and disease risk under study. Fand exposure of hazardous agents, but the difference in
example, in a case-control study on lung cancer anfle frequency may occur among different ethnic groups.
smoking habits, cases derived from a population with g multi-ethnic populations, population stratification may
high smoking rate and controls derived from a populatioBause bias in the estimation of genotype OR through the
with a low smoking rate will produce a high odds ratioconfounding of ethnicity.
(OR), even if the smoking is not associated with lung In a population consisting almost completely of a
cancer risk in each population. single ethnic group, however, the effects of population
Since control selection and information collection fromstratification may be negligible (Yamaguchi-Kabata et al.,
the selected controls need costs, there was an idea to makes). If so, allele/genotype frequencies of documented
a commonly applicable control group for different casecontrols may be commonly used for different case-control
control studies. In Japan, case-control studies ostudies on the associations with disease risks. This study
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compared an allele frequency among subjects froreelected. The reports based on the same dataset were
different studies, to examine the applicability of combinedexcluded.
subjects as a control group. In addition, the random The allele frequency was calculated from the genotype
variation of the allele frequency according to the sampl&equency. Hardy-Weinberg equilibrium was examined for
size was demonstrated to realize how large the randoall studies, using g2 test. The 95% confidence interval
variation is in comparison with a possible shift of the(Cl) of the allele frequency was calculated based on a
documented allele frequency from general populationdinomial distribution. The random variation of the point
Methylenetetrahydrofolate reductase (MTHFR) C677Testimate for a given allele frequency in the population
polymorphism was used as an example. was calculated according to sample size. These
MTHFR catalyses the irreversible conversion of 5,10¢alculations were conducted by computer program STATA
methylenetetrahydrofolate to 5-methyltetrahydrofolateersion 7.0 (STATA Corporation, College Station, TX).
which serves as a methyl donor in the reaction converting
homocysteine to methionine. The MTHFR C677TResults
polymorphism is a C to T transition at base pair 677 (exon
4), leading to an amino acid substitution (alanine to valine) As shown in Table 1, 31 eligible studies were found
at codon 222. The TT homozygotes presented t be published between 1996 and 2008. The total numbers
significantly elevated homosysteine concentration, aef subjects were 14,510. Six studies were for males and
compared with the CC homozygotes. Accordingly, thdour studies were for females. The residence of subjects
polymorphism has been considered a possible genetic riglistributed from Hokkaido to Kyushu, although 6 studies
factor for folate-related diseases including cardiovasculawere conducted in Aichi, 5 studies in Tokyo, and 5 studies

diseases (Trabetti, 2008). in Hyogo. Three studies covered throughout Japan. The
minimum of age was 18 years and the maximum was 91
Materials and Methods years. A study by Nishio et al in 1996 was smallest (129

subjects), and a study by Yamada et al in 2006 was the
Studies on MTHFR C677T polymorphism for largest (2,291 subjects).
Japanese were listed from PubMed in December 2008. The genotype frequencies were in Hardy-Weinberg
Case-control studies with more than 100 controls andquilibrium for all studies. The allele frequency of the T
cross-sectional studies with more than 100 subjects wegdlele varied from 0.300 to 0.438 among 31 studies. The

Table 1. Studies on Frequencies of Methylenetetrahydrofolate Reductase Genotype among Japanese

Author  Year Area (sex) Age Genotype frequency H-W Allele frequency pigenoty
N CcC CT TT p 2N T 95%ClI method

Nishio 2008 Aichi 20-73 170 0.353 0.529 0.118 0.115 340 0.382 0.330-0.436 PCR-CTPP
Suzuki 2008 Aichi 20-79 909 0.372 0.468 0.161 0.522 1818 0.394 0.372-0.417 TagMan assay
Arai 2007 All Japan 48.1 505 0.339 0.461 0.200 0.184 1010 0.431 0.400-0.462 Invader assay
Hui 2007 Tokyo 51.%8.6 271 0.384 0.454 0.162 0.454 542 0.389 0.348-0.432 TagMan assay
Itou 2007 Aichi 20-75 174 0.345 0.534 0.121 0.098 348 0.388 0.336-0.441 PCR-CTPP
Lwin 2006 Hyogo (m) 40-69 335 0.304 0.519 0.176 0.304 670 0.436 0.398-0.474 PCR-RFLP
Ishikawa 2006 Mie (rh) 38.5:12.8 132 0.470 0.386 0.144 0.119 264 0.337 0.280-0.398 PCR-RFLP
Yamada 2006 All Japan 6251.8 2,291 0.351 0.495 0.154 0.152 4,582 0.402 0.387-0.416 PCR-Array
Hirose 2005 Kumamoto/SDF 1,050 0.380 0.472 0.148 0.966 2,100 0.384 0.363-0.405 PCR-RFLP
Kawamoto 2005 Ehime 7.1 241 0.378 0.456 0.166 0.491 482 0.394 0.350-0.439 PCR-RFLP
Yang 2005 Aichi 18-80 493 0.377 0.460 0.162 0.444 986 0.392 0.362-0.424 PCR-RFLP
Miyaki 2005 Tokyo (m) 45.811 210 0.333 0.505 0.162 0.561 420 0.414 0.367-0.463 PCR-RFLP
Hiraoka 2004 Kagawa 19-81 300 0.323 0.503 0.173 0.605. 600 0.425 0.385-0.466 PCR-RFLP
Maruyama 2004 Mie 30-69 441 0.506 0.388 0.107 0.103 882 0.300 0.270-0.332 PCR-RFLP
Kohara 2003 Aichi 40-79 1,721 0.362 0.471 0.167 0.370 3,442 0.403 0.386-0.419 ASP-PCR
Lwin 2002 Hyogo (f) 40-69 242 0.364 0.508 0.128 0.236 484 0.382 0.339-0.427 PCR-RFLP
Matsuo 2002 Aichi 40-69 241 0.336 0.515 0.149 0.304 482 0.407 0.362-0.452 PCR-RFLP
Moriyama 2002 Kochi 20-75 965 0.417 0.447 0.137 0.338 1,930 0.360 0.339-0.382 PCR-RFLP
Somekawa 2002 All Japan (f) 44-80 217 0.442 0.419 0.138 0.264 434 0.348 0.303-0.395 PCR-RFLP
Wu 2001 Hyogo 59.66.9 229 0.402 0.493 0.105 0.213 458 0.352 0.308-0.397 PCR-RFLP
Kobashi 2000 Hokkaido (f) 29.80.4 215 0.386 0.460 0.153 0.699 430 0.384 0.338-0.432 PCR-RFLP
Zuo 2000 Hyogo (m) 40-79 271 0.410 0.450 0.140 0.631 542 0.365 0.325-0.407 PCR-RFLP
Nakai 2000 Iwate (m) 688 198 0.409 0.485 0.106 0.340 396 0.348 0.302-0.398 PCR-RFLP
Miyano 2000 Nagano (f) 46-91 307 0.309 0.505 0.186 0.655 614 0.438 0.398-0.478 PCR-RFLP
Marugane 1999 Kyushu/SDF 47-55 220 0.405 0.477 0.118 0.555 440 0.357 0.305-0.395 PCR-RFLP
Ou 1998 Ibaraki 47-77 310 0.355 0.510 0.135 0.212 620 0.390 0.340-0.417 PCR-RFLP
Morita 1998 Tokyo 46-89 325 0.471 0.428 0.102 0.863 650 0.315 0.280-0.353 PCR-RFLP
Morita 1997 Tokyo (m) 26-86 778 0.434 0.464 0.102 0.223 1556 0.334 0.310-0.358 PCR-RFLP
Arinami 1997 Tokyo, 48.88.7 419 0.368 0.511 0.122 0.074 838 0.378 0.344-0.411 PCR-RFLP
Izumi 1996 Shiga 5988.1 201 0.368 0.507 0.124 0.220 402 0.378 0.331-0.428 PCR-RFLP
Nishio 1996 Hyogo (m) 40-50 129 0.349 0.543 0.109 0.084 258 0.380 0.320-0.442 PCR-RFLP

H-W: Hardy-Weinberg equilibrium test, PCR-CTPP: polymerase chain reaction with confronting two-pair primers, PCR-RFLP:g®gmagra
reaction - restriction fragment length polymorphism, ASP-PCR: allele specific primer — polymerase chain reaction, SDéhcefiodet * Range
or meangstandard deviatiorf;non-drinkers
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Figure 1. Allele Frequency of Methylenetetrahydrofolate Reductase 677T among 31 Studies for Japanese

average weighted with the number of subjects was 0.3§570 males and 340 females) aged 30-69 years in a
(95%Cl, 0.379-0.390). The 95%CI of 10 studies did notelatively isolated rural area, Kisei-cho, Mie prefecture
include the weighted average; 6 studies (Miyano et alffom 1997 to 2002 (Maruyama et al., 2004). Excluding
2000; Kohara et al., 2003; Hiraoka et al., 2004; Lwin ethose under medication such as anti-hyperlipemic, anti-
al., 2006; Yamada et al., 2006; Arai et al., 2007) had @iabetes mellitus, anti-inflammatory, antiepileptic,
higher frequency and 4 studies (Maruyama et al., 2004ntiulcer, antacid, thiazede diuretic and anti-rheumatoid
Moriyama et al., 2002; Morita et al., 1998; Morita et al. arthritis drugs, 147 males and 293 females were analyzed
1997) had a lower frequency. for the polymorphism, giving that the allele frequency
The study whose proximal limit of 95%CI was furthestwas 0.300. Ishikawa et al also reported the allele frequency
from the weighted average was removed, then th& be 0.337 among 132 male non-drinkers in an
weighted average was recalculated. Through this procesgspecified area in Mie prefecture (Ishikawa et al., 2006).
7 studies were excluded, resulting that remaining 24 Moriyama et al conducted a cross-sectional study in
studies had a 95%Cl including the weighted average996, whose subjects were health checkup examinees in
(0.391) calculated from 24 studies with 10,854 subjectRochi City, Kochi prefecture of Shikoku island. The
(Figure 1). The 95%ClI for 0.391 was 0.384-0.397.  subjects consisted of 329 males and 653 females aged 20
The characteristics of the subjects for the 7 studie® 74 years. The allele frequency was 0.360, but the
were as follows. The study subjects by Arai et al wereelatively large sample size produced a 95%CI of 0.339-
participants of Serum Lipid Survey 2000 from 9 hospital®.382, which did not include the weighted average. The
(Arai et al., 2007). They were randomly selected fromgifference from the final weighted average 0.391 was not
2,267 patients with 202.1 mg/dI of cholesterol on averag¢arge (0.031).
who were not treated with lipid-altering medication. The  |n the study by Miyano et al, the subjects were 307
proportion of the patients with hyperlipidemia or otherpostmenopausal healthy women aged 46 to 91 years living
diseases was not described. in Nagano prefecture. The source of the enroliment
Lwin et al conducted a cross-sectional study foframework was not described (Miyano et al., 2000).
residents aged 40-69 years at Shiso, Hyogo Prefecturen |n the study by Morita et al in 1998, the control subjects
in 1999 and 2000, which was published for males in 200874 males and 151 females) aged 46 to 89 years were
(Lwin et al., 2006) and for females in 2002 (Lwin et al.,enrolled from health checkup examinees in Tokyo, having
2002). The T allele was 0.382 (95%Cl, 0.339-0.427} lower frequency, 0.315 (Morita et al., 1998). In another
among 242 females, but 0.436 (95%CI, 0.398-0.474¥orita’s study in 1997, the study subjects were 778 male
among 335 males. health checkup examinees aged 26 to 86 years in Tokyo
Maruyama et al enrolled health checkup examineegrea (Morita et al., 1997). The allele frequency was
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Table 2. Ranges of 50% (Upper) and 80% (Lower) 677T allele was reported to be 0.41 in Japanese Americans,
Confidence Intervals of the Allele Frequency in 0.36in Whites, 0.42 in Latinos, 0.13 in African American,
Samples for Given Population Allele Frequencies and 0.22in Native Hawaiians (Le Marchand et al., 2005).
according to Sample Size However, no studies reported a marked difference in the
allele frequency measured with the same method by the

Allele Sample size (2N) . .
f same researchers among different areas in Japan. In the
requency 50 100 200 500
present study on MTHFR C677T, 7 papers reported a
0.100 0.068-0.145 0.078-0.128 0.085-0.118 0.090-0.111 i ynifi ; ;
ignificantly different allele fr ncy from the weigh
0.0490.178 0.063-0.150 0.073-0.133 0.083-0.119 9 & tly different allele equency from the weig ted
0200  0157-0252 0.170-0.234 01790223 0.87-0.213 average (0.391). The possible reasons are 1) extreme
0.128-0.291 0.149-0.261 0.164-0.241 0.177-0.225 random variation, 2) genotyping errors, and 3) actual
0.300 0.250-0.356 0.266-0.337 0.276-0.325 0.285-0.315 (ifference, although we cannot realize the true reason(s)

0.215-0.398 0.240-0.366 0.258-0.345 0.273-0.328 {4r aach study. For the studies in Nagano prefecture and

0.400 0.345-0.458 0.363-0439 0.375-0.426 0.384-0.416 . [\ = ¢ h | diff .
0.306-0.501 0.334-0.469 0.354-0.447 0.371-0.429 KiS€l-cho of Mie prefecture, the actual difference is
0.500 0.443-0.557 0.461-0.539 0.474-0.526 0.484-0.516 possible because of the relatively isolated areas without
0.401-0.599 0.431-0.569 0.452-0.548 0.470-0.530 persons moving in. For the others, the actual reasons are
unknown.
similarly lower (0.334) than the average. When several datasets with a large sample are

Table 2 shows the 50%CI and 80%CI of the sampleavailable, which should be selected or combined for
allele frequency for given population allele frequenciescontrols? In this analysis, 0.391 was obtained based on
(0.1, 0.2, 0.3, 0.4, and 0.5) according to sample size (2N1,0,854 subjects. JSNP database provided 0.393 forthe T
where N means the number of subjects). When the samp#glele, based on 934 inhabitants in Osaka, although the
size is only 50 (25 persons), the point estimate distributegenotype frequency was not in Hardy-Weinberg
within the difference of 0.032 (lower limit in case of equilibrium (p=0.0078). JBIC dataset reported 0.403 based
population frequency = 0.1) to 0.057 (upper limit in caseon 744 Japanese subjects. Another estimate will be soon
of population frequency = 0.5) around the populationavailable from the Japan Multi-institutional Collaborative
frequency under the possibility of 50%. Under the Cohort Study (J-MICC Study) launched in 2005 (J-MICC
possibility of 80%, it distributes 0.051 to 0.099 around Study Group, 2007) based on more than 4,000 subjects
the population frequency. In case of a sample size of 10flom 10 areas. Accordingly, the rule may be necessary;
(50 persons), it distributes with differences of 0.022 tothe allele frequency derived 1) from the source with the
0.039 and 0.037 to 0.069, respectively. They are thus vemnost similar characteristics such as area, 2) from that with
large differences compared with the possible variatiorthe allele frequency giving the most conservative results,
among general populations in areas or regions of Japarand 3) from the combined estimate of all available sources.

In order to estimate ORs of genotypes, a genotype
Discussion frequency of controls is needed. It has to be discussed
which is most appropriate, the weighted average of

We identified 31 eligible studies reporting the MTHFR genotype frequency or genotype frequency calculated on
C677T genotype frequency among putative generathe weighted average of allele frequency. Since the average
populations in Japan. The 677T allele frequency varieaf allele frequency is more stable (1 degree of freedom)
from 0.300 to 0.438. The average weighted with thethan the average of genotype frequency (2 degrees of
number of subjects was 0.385. The 95%CI of 10 studiefreedom) in terms of random variation, it would be better
did not include the weighted average. When extreme That the genotype frequency is calculated based on the
studies were excluded, remaining 24 studies had a 95%Gldopted allele frequency average, that #sfop major
including the weighted average (0.391) calculated fromhomozygotes, 2p(1-p) for heterozygotes, and {Xqp)
the 24 studies with 10,854 subjects. This examplghe minor homozygotes, where p is the averages of major
demonstrated that the allele frequency of MTHFR 677Tallele.
could be common among 24 out of 31 Japanese studies. The applicability of the documented allele frequency
As demonstrated in Table 2, the random variation of thdor controls has to be examined in terms of characteristics
allele frequency in the samples seems larger than thef the cases. It is not applicable under the situation that
possible shift from general Japanese populations in cagbe case group is sampled in an isolated area, where the
of a small-size control group. allele frequency in the non-disease population is expected

The method to remove the extreme studies may affeadr known to be different. Generally speaking, the sampling
the final dataset to calculate the weighted average. Wiamework on sex, age, occupation, and lifestyle are not
calculated it in a different method; the weighted averageelated to the applicability.
was calculated based on the studies excluding the study In conclusion, this example demonstrated that the
under comparison. This alternative method provided thallele frequency of MTHFR 677T could be common
same 24 studies as the final dataset. Although the finamong 24 out of 31 Japanese studies, suggesting that a
dataset was the same in this study, the same dataset maymmon allele frequency could be used for Japanese case-
not always be guaranteed in other situations, especiallgontrol studies, whose cases are sampled in a general
when the study number is small. population. In the other polymorphisms, the allele

Allele frequency varies substantially in many frequency documented for many subjects from general
polymorphisms among different ethnic groups. MTHFR populations would be similarly applicable for case-control
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studies on the association with genotypes. MTHFR) is not a confounding factor of the relationship
between serum uric acid level and the prevalence of
Acknowledgements hypertension in Japanese méirc J, 70, 83-7.
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