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Beriberi was endemic in Meiji-era Japan, affecting many people, including Imperial
soldiers and sailors. Kanehiro Takaki, director of the Navy Hospital in Tokyo, closely
examined shipboard living conditions and hypothesized that beriberi was caused by an unbal-
anced high-carbohydrate, low-protein diet rather than by infection with a putative beriberi
bacterium, which was then advocated. The dietary carbon-to—nitrogen ratio among sailors at
that time was 1: 28, compared with the 1: 15 considered ideal. To test his hypothesis Takaki
performed an experiment aboard the Imperial cruiser Tsukuba, which followed a route through
the Pacific Ocean that the cruiser Ryujo had taken the previous year. The crew of Ryujo had
been fed a diet with a carbon-to-nitrogen ratio of 1: 28, whereas the crew of Tsukuba were fed
an improved diet with a carbon-to—nitrogen ratio of 1:15. Ryujo served as a historical control
for Tsukuba. Before performing this well-known experiment, Takaki had performed several
smaller experiments on other warships or at shore installations. We reexamined the results of
these clinical trials with meta-analysis. On 16 warships and at 8 shore installations, the new
high-protein significantly reduced the risk of beriberi, with an odds ratio (OR) of 0.38
(confidence interval [CI] 0.28-0.52). Stratified meta-analysis showed that the preventive
effects differed between the 16 warships (OR=0.36: 95% CI=0.24-0.55) and the 8 shore
installations (OR=0.43: 959 CI=0.30-0.62). Our study has shown that the modern statistical
method of meta-analysis can be used to quantitatively reconfirm the significant anti-beriberi
effect of the high-protein diet implemented by Kanehiro Takaki 120 years ago.

(Tokyo Jikeikai Medical Journal 2004 ; 119: 279-85)
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Forest plot of odds ratio for incidence of beriberi before and after dietary improvement in 16
warships and 8 ground institutions.
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Fig. 3. Forest plot of odds ratio for incidence of beriberi before and after dietary improvement in 8 ground

institutions.
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Begg's funnel plot with pseudo 95% confidence limits
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Fig. 4. Funnel plot of incidence of beriberi before and after dietary improvement in 16 warships and 8
ground institutions. Ordinate denotes In [odds ratio] and abscissa denotes standard error.

Begg's funnel plot with pseudo 95% confidence limits
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Fig. 5. Funnel plot of incidence of beriberi before and after dietary improvement in 16 warships. Ordinate
denotes In [odds ratio] and abscissa denotes standard error.
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Fig. 6. Funnel plot of incidence of beriberi before and after dietary improvement in 8 ground institutions.
Ordinate denotes In [odds ratio] and abscissa denotes standard error.
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