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Healthy life expectancy in 191 countries, 1999 Colin D Mathers, Ritu Sadana, Joshua A Salomon, Christopher JL Murray, Alan D Lopez We describe here the methods used to produce the first estimates of healthy life expectancy (DALE) for 191 countries in 1999. These were based on estimates of the incidence, prevalence, and disability distributions for 109 disease and injury causes by age group, sex, and region of the world, and an analysis of 60 representative health surveys across the world. We used Sullivan’s method to compute healthy life expectancy for men and women in each WHO member country. Japan had the highest average healthy life expectancy of 74·5 years at birth in 1999. The bottom ten countries are all in sub-Saharan Africa, where the HIV-AIDS epidemic is most prevalent, resulting in DALE at birth of less than 35 years. Years of healthy life lost due to disability represent 18% of total life expectancy in the bottom countries, and decreases to around 8% in the countries with the highest healthy life expectancies. Globally, the malefemale gap is lower for DALE than for total life expectancy. Healthy life expectancy increases across countries at a faster rate than total life expectancy, suggesting that reductions in mortality are accompanied by reductions in disability. Although women live longer, they spend a greater amount of time with disability. As average levels of health expenditure per capita increase, healthy life expectancy increases at a greater rate than total life expectancy. For the first time ever, the WHO has assessed the performance of health systems of its 191 member countries in achieving three main goals for the health system: health, responsiveness, and fairness in financing.1 The primary summary measure of population health used is disability-adjusted life expectancy, or DALE, which measures the equivalent number of years of life expected to be lived in full health, or healthy life expectancy. We describe the methods and data sources used to prepare the DALE estimates for the 191 member countries of WHO, and the results. In constructing these estimates, we sought to address some of the methodological challenges regarding comparability of health status data across populations and cultures. In the past two decades, considerable international effort has been put into the development of summary measures of population health that integrate information on mortality and non-fatal health outcomes’ and international policy interest in such indicators is increasing.2–7 The Global Burden of Disease (GBD) project developed two such summary measures,8–12 the disability-adjusted life year and DALE. Disabilityadjusted life years measure the gap between a population’s actual health and some defined goal, whereas DALE belongs to the family of health expectancies, summarising the expected number of years to be lived in what might be termed the equivalent of full health. As a summary measure of the burden of disability from all causes in a population, DALE has two advantages over other summary measures. The first is that it is fairly easy to explain the concept of an equivalent healthy life expectancy to a non-technical audience. The second is that DALE is measured in units (expected years of life) that are meaningful to and within the common experience
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of non-technical audiences (unlike other indicators such as mortality rates or incidence rates). During the 1990s, disability-free life expectancy and related measures were calculated for many countries.13–14 However, these measures incorporate a dichotomous weighting scheme in which time spent in any health state categorised as disabled is assigned arbitrarily a weight of zero (equivalent to death). Thus disability-free life expectancy is not sensitive to differences in the severity distribution of disability in populations. By contrast, DALE adds up expectation of life for different health states with adjustment for severity weights. DALE has been calculated in the Global Burden of Disease Study for eight regions of the world,10 for Canada based on population prevalence data for health states together with measured utility weights15 and for Australia using prevalence data from the Australian Burden of Disease Study and preference weights based on the Global Burden of Disease valuation methods.16 Disability-free life expectancy estimates based on selfreported health status information are not comparable across countries because of differences in survey instruments and cultural differences in reporting of health.17 Despite considerable international efforts to standardise health status measurement,18–21 fundamental problems with the crossnational comparability of selfreport data remain.22 We have analysed over 60 representative national health surveys and demonstrate how these comparability problems relate not only to differences in survey design and methods, but much more fundamentally to unmeasured differences in expectations and norms for health. For example, the cutpoints of scales for a given domain such as mobility might have very different meanings across different cultures or across socioeconomic groups within a society. Analyses of surveys containing both selfreport and objective measurements of health status have documented systematic biases in selfreport data according to age, sex, socioeconomic disadvantage, and other measures of social disadvantage within populations.22 Because of these problems with the comparability of population health survey data, we have developed an analytical approach for this first analysis of DALE for all WHO member countries, which combines the condition-
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specific approach based in burden of disease analysis with the use of available representative population health survey data. Life expectancy and causes of death We developed new life tables and detailed cause of death distributions for all 191 WHO Member States starting with a systematic review of all available evidence from surveys, censuses, sample registration systems, population laboratories, and national vital registration systems on levels and trends of child and adult mortality.23 In countries with a substantial HIV epidemic, separate estimates were made of the numbers and distributions of deaths due to HIV/AIDS and these deaths were incorporated into the life table estimates.24 We analysed cause of death patterns to take into account incomplete coverage of vital registration in countries and the likely differences in cause of death patterns that would be expected in the low coverage areas of countries with incomplete data.25 Disability prevalence from burden of disease analysis WHO is currently updating and revising estimates of the Global Burden of Disease for 14 mortality subregions of the world for the year 2000. These revisions draw on a wide range of data sources, and various methods have been developed to reconcile often fragmented and partial estimates of epidemiological variables that are available from different studies.10,26 These analyses are used to calculate years lost due to mortality, years lived with disability, and total disability-adjusted life years by age, and sex for 130 causes of disease and injury. For causes where mortality is responsible for a significant proportion of the total burden (years lived with disability/years lost due to mortality ratio less than five), regional estimates of years lived with disability/years lost due to mortality ratios by age and sex together with country level estimates of years lost due to mortality, and average health expenditure per capita, were used to estimate years lived with disability. For other causes, regional estimates of years lived with disability rates per 1000 population by age and sex were used together with country-level population distribution to estimate countrylevel years lived with disability. These incidence years lived with disability were then used to estimate undiscounted and non-age-weighted prevalence years lived with disability by age, sex, and cause. The years lived with disability/years lost due to mortality ratios were quite insensitive to health expenditure; in Europe, for example, a 10% increase in health expenditure per capita was associated with around 0·2% increase in the overall severity-weighted prevalence of disability. Summation of prevalence years lived with disability over all causes would result in overestimation of disability prevalence because of comorbidity between conditions. We correct for independent comorbidity between major cause groups as follows: Ds,x = 1-∏ (1-PLYDs,x,g) g



where PYLDs,x,g is the prevalence years lived with disability per 1000 population for sex s, age x, and cause g, and Ds,x gives the overall severity-weighted prevalence of disability by age and sex. Disability prevalence from health surveys We analysed 64 household interview surveys which included nationally representative health status and disability data for 46 countries. To improve the
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comparability of health status data derived from surveys with different designs and numbers and types of questions, we used confirmatory factor analysis to estimate one general underlying latent construct, nonfatal health status.22 There were some countries, such as Ireland, Greece, and the USA (men only) where the latent health factor scores were in reasonable agreement with the prior disability estimates based on burden of disease analysis. However, for many countries there were substantial differences in the latent health factor scores due to differences in norms and expectations of health. Figure 1 shows results for the USA (NHANES III) and for India (National Integrated Household Survey 1995–96). US women report substantially worse health at older ages than men in comparison with previous estimates, whereas in India, as in many other lessdeveloped countries, few people reported poor health or disability, resulting in quite low mean values for the latent health factor scores compared with the prior disability estimates. We developed numerical models for estimating and adjusting for these factors, using prior estimates of disability distributions based on the burden of disease analyses. We described the relation between the latent health factor score and the true underlying health state (both scaled to range from 0 to 1), using a three variable model. The first variable specifies the disability weight for the worst health state observed in the health survey, the second variable specifies the latent health factor score above which all health states are equivalent to good health, and the third variable specifies a power transformation which allows the latent health factor score to decrease with increasing severity faster or slower than the true disability weight. We used this model to rescale latent health factor scores by age and sex for all the available health surveys in each region using generalised reduced gradient non-linear optimisation methods to estimate variable values which kept the overall average difference between the age-sex specific prior disability estimates and the rescaled factor score to a minimum. This procedure enabled us to incorporate all data from household surveys into our estimates of average levels of severity-weighted disability for countries. The health survey data results in moderate changes in the level and age trends of disability prevalences for the European countries, and somewhat larger changes for many lessdeveloped countries.27 For countries where we were not able to obtain appropriate household survey data, we used the disability prevalences derived from the country-level burden of disease analyses. Sullivan’s method27 was used to compute DALE. This method multiplies the Lx values (total years lived between exact ages x and x+5) from the abridged country life table by the severity-weighted prevalence of disability (adjusted for comorbidity) in the age range (x, x+5) to estimate the equivalent healthy years of life lost to disability in the age range. Subtraction of this from the total years lived, Lx, gives the number of years of healthy life lived between ages x and x+5, and summation over subsequent ages allows the computation of healthy life expectancy. The uncertainty distributions of the DALE estimates for each member state were quantified by developing a total of 1000 DALE life tables for each member state which simultaneously sampled the uncertainty in the life table variables and the disability prevalences. Uncertainty in the DALE ranks for countries was also estimated. This is not only a function of the uncertainty of the DALE measurement for each country, but also the uncertainty of the measurement of adjacent countries in the ranking table.



THE LANCET • Vol 357 • May 26, 2001



WORLD HEALTH REPORT 2000



USA



30 DALE rank



Mean value (%)



40



20



10



0



Mean value (%)



40



India



20



Latent health factor score for men Latent health factor score for women Prior disability estimate for men Prior disability estimate for women



30



10



0 25



35 45 55 Age group (years)



65



75



Figure 1: Comparison of latent health factor scores and previous disability prevalences from condition-specific analyses in USA and India in 1999



We examined the relation between DALE and other indicators such as total life expectancy and average health expenditure per capita using linear regression. The classic linear regression model assumes that all uncertainty (characterised as error) has zero mean and is independently and identically distributed across observations, and is estimated from the sample of observations. This does not take into account the estimated uncertainty distribution of each observation. Because practical analytical methods are generally lacking, it is almost universal to ignore this layer of uncertainty. To account for uncertainty surrounding DALE in the regression analyses, for each country, one DALE observation was drawn from the uncertainty distribution of DALE for that country—that value of DALE, for each of the 191 countries, was regressed against the observations of the X values (health expenditure per capita or total life expectancy). The process was repeated 1000 times, sampling without replacement from the DALE distribution for each country, each time running a new set of regressions of DALE on the X values. This resulted in 1000 estimates of the regression slope, which allowed for estimation of its 90% CI.



Global patterns of healthy life expectancy Japan leads the world with an estimated average healthy life expectancy of 74·5 years at birth in 1999 (table). Healthy life expectancy in Japan was 77·2 years for women and 71·9 years for men in 1999. After Japan, in second and third places, are Australia and France, followed by a number of other industrialised countries of Western Europe. Canada is in twelfth place with an uncertainty range of 8–14 in ranking and the USA in 24th place (70·0 years with a ranking range of 22–27).
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Figure 2: Uncertainty in DALE vs mean DALE at birth in 191 countries ranked by DALE in 1999
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Other countries with reasonably high healthy life expectancies in the Americas include Dominica, Chile, Cuba, Uruguay, Argentina, and Costa Rica. Note that there is a considerable range of uncertainty in the ranks for most countries (figure 2), resulting in an 80% uncertainty range of around 6–10 ranks for many countries. China has a healthy life expectancy above the global average, at 62·3 years, 63·3 years for women, and 61·2 for men. Other countries in the Asian region such as Vietnam and Thailand have a lower DALE. Healthy life expectancy in Myanmar is substantially behind its southeast Asian neighbours. In Russia, healthy life expectancy is 66·4 years for women, 3 years below the European average, but just 56·1 years for men, 7 years below the European average. This is one of the widest sex gaps in the world and reflects the sharp increase in adult male mortality in the early 1990s. Similar rates exist for other countries of the former Soviet Union. The ten countries with the lowest DALE are all in subSaharan Africa, where the HIV-AIDS epidemic is most prevalent. Life expectancy in several countries in southern Africa has been reduced by 15–20 years in comparison with life expectancy without HIV. Other African countries have lost 5–10 years of life expectancy because of HIV.23 Full details of male and female DALE, together with uncertainty ranges are available in the World Health Report 2000.1 Overall, global life expectancy at birth in 1999 was 64·5 years, an increase of almost 6 years over the past two decades. Global healthy life expectancy at birth was 56·8 years, 7·7 years lower than total life expectancy at birth. Healthy life expectancy at the global level was 57·8 years for women, 2·0 years higher than that for men at 55·8 years. Figure 3 shows global estimates of DALE, DLE (expected years lost due to disability), and life expectancy for 1999 at 15 year age intervals. DALE at birth in 1999 ranged from a low of 37 years for African men to a high of almost 70 years for women in the low mortality countries of mainly western Europe. This is an almost two-fold difference in healthy life expectancy between major regional populations of the world. The difference between DALE and total life expectancy is DLE, which at birth ranges from 18.9% (of total life expectancy at birth) in Africa to 8.8% in European regions. There is a reasonably close correlation across countries between total life expectancy and DALE at birth
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DALE at birth in WHO member states in 1999



(figure 4). The gap between life expectancy and DALE corresponds to DLE and there is a small but significant decline in DLE at birth as life expectancy increases. Taking the uncertainty of the life expectancy and DALE estimates into account in the regression analysis, we estimate that the decline in DLE with increasing life expectancy differs significantly from zero at p=0·10 for both men and women with regression slopes of 0·053 and 0·035, respectively. Healthy life expectancies at birth are higher for women than men in most regions in the world and the difference
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between sexes generally increases as average life expectancy increases. Russia has one of the widest sex gaps in healthy life expectancy in the world: 66·4 years for women at birth but just 56·1 years for men. The most common explanation is the high incidence of male alcohol abuse, which led to high rates of accidents, violence, and cardiovascular disease. From 1987 to 1994, the risk of premature death increased by 70% for Russian men. Since 1994, life expectancy has been improving for men. Similar rates exist for other major countries of the former
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Figure 4: DALE by total life expectancy at birth by sex in 191 countries in 1999
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Soviet Union (such as Latvia, Estonia, Belarus, and Kazakhstan). In North Africa and the Middle East, men and women have similar healthy life expectancies, which is unusual. In Saudi Arabia, for example, the healthy life expectancy at birth is 65·1 years for men compared with 64·0 years for women. Similarly in Qatar, male DALE at birth is higher than female: 64·2 years for men and 62.8 years for women. Contributing to these sex differences are higher female infant and child mortality rates, and higher risks of maternal mortality than in other countries, reflecting the position of women in these societies. As shown in Figure 5, there is a striking relation across countries between DALE at birth in 1999 and average health expenditure, measured for each country for 1997 in US$ per capita using purchasing power parity exchange rates.28 For countries with expenditure of over $100 per capita in 1997, the regression slope of DALE against the log of health expenditure per capita is 11·6, compared with 10·9 for a comparable regression of total life expectancy at birth. The difference in these two rates is significant at the 90% level.
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Despite the fact that people live longer in the richer, more developed countries, and have greater opportunity to acquire non-fatal disabilities in older age, disability has a greater absolute (and relative) impact on healthy life expectancy at birth in poorer countries. Separating life expectancy into equivalent years of good health and years of lost good health thus widens rather than narrows the difference in health status between rich and poor countries. Cross-sectionally, at the the global level, higher life expectancy at birth is associated with a compression of mordidity: fewer expected years of good health are lost due to the non-fatal consequences of diseases and injury as mortality rates decline. There is some evidence to suggest that compression of morbidity may be occurring over time in some low mortality countries as mortality rates at older ages continue to decline.29–30 Looking across countries, as average levels of health expenditure per capita increase, healthy life expectancy increases at a greater rate than total life expectancy. Although this result might be due to compression of morbidity with increasing life expectancy, it is also possible that health systems contribute to a lowering of disability levels. Further developments in the methods used by the WHO to analyse the contribution of health systems to average levels of population health may shed more light on this question.1 At a global level, women live on average 3.9 years longer than men, but lose the equivalent of 1·9 extra years of good health to the non-fatal consequences of diseases and injuries. In other words, although women live longer, they spend a greater amount of time with disability. However, this global average disguises enormous variations across the world in the sex difference in healthy life expectancy. The male-female gap in healthy life expectancy varies from a high of 10 years in some former Soviet Union countries to a low of –1·5 years for some Middle Eastern countries. As with any innovative approach, there are substantial limitations and gaps in the information base required for estimating healthy life expectancy for all countries of the
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Log of health expenditure (US$) per capita Figure 5: DALE at birth in 1999 by average health expenditure per capita in 1997 in 191 countries



world. We have attempted to maximise the comparability of the data derived from available nationally representative health surveys, but conclude that the valid comparison of self-report health status data across countries is limited due to non-random reporting differences even where the survey methods and data collection approaches are standardised. For the estimates reported here, we have used additional cross-population comparable information on health status derived from analysis of epidemiological data sources to improve comparability. Since the publication of the World Health Report 2000, a substantial effort has been invested in improving the methods and in developing and refining data sources used for estimating healthy life expectancy. WHO has developed a standardised description of health states for use in population surveys and health state valuation, together with calibration methods that can be used in household and postal surveys, to improve the crosspopulation comparability of self-report data. A variant of item response theory has been developed to enable the cross-population calibration of self-report data for health domains.31 The collection of population health data in over 70 countries using the WHO instrument will assist in improving the estimation of healthy life expectancy for the year 2000. Another objective for the ongoing WHO population survey work is to facilitate reliable and valid measurements of valuations of time spent in health states in populations across the world. The aim is to obtain large scale empirical assessment in many different countries to inform health state valuations for the calculation of healthy life expectancy. In addition, WHO is investing considerable resources in the revision of the Global Burden of Disease estimates for the year 2000. These estimates will also contribute to improved estimation of healthy life expectancy, which will in turn assist in monitoring global health trends and the performance of national health systems.



9 10



11



12



13 14 15 16



17



18



19



20



21



22



23



24



25



The authors thank Brodie Ferguson for his perseverance in obtaining data sets and Nankhonde Kasonde for assistance in preparing this article.



26



References



27



1 2



WHO. World Health Report 2000. Geneva: WHO; 2000. Also available at www.who.int/whr. Preston SH. Health indices as a guide to health sector planning: a demographic critique. In: Gribble JN, Preston SH, eds. The epidemiological transition. Policy and planning implications for developing countries. Washington DC, USA: National Academic



1690



28



Press; 1993. Van de Water HP, Perenboom RJ, Boshuizen HC. Policy relevance of the health expectancy indicator: an inventory of European Union countries. Health Policy 1996; 36: 117–29 Barendregt JJ, Bonneux L, van der Maas, PJ. Health expectancy: from a population health indicator to a tool for policy making. J Aging & Health 1998; 10: 242–58 Field MJ, Gold GM, eds. Summarizing Population Health: directions for the Development and Application of Population Metrics. Institute of Medicine, Washington: National Academy Press; 1998. World Bank. World Development Report 1993. Investing in health. New York: Oxford University Press for the World Bank; 1993. Murray CJL, and Lopez AD. Evidence-based health policy—lessons from the Global Burden of Disease Study. Science 1996; 274: 740–43. Murray CJL, Lopez, AD, eds. The global burden of disease: a comprehensive assessment of mortality and disability from diseases, injuries and risk factors in 1990 and projected to 2020. Global Burden of disease and Injury Series, Vol 1, Cambridge: Harvard University Press; 1996. Murray CJL, Lopez AD. Mortality by cause for eight regions of the world: Global Burden of Disease Study. Lancet 1997; 349: 1269–76. Murray CJL, Lopez AD. Regional patterns of disability-free life expectancy and disability-adjusted life expectancy: Global Burden of Disease Study. Lancet 1997; 349: 1347–52. Murray CJL, Lopez AD. Global mortality, disability, and the contribution of risk factors: Global Burden of Disease Study. Lancet 1997; 349: 1436–42. Murray CJL, Lopez AD. Alternative projections of mortality and disability by cause 1990-2020: Global Burden of Disease Study. Lancet 1997; 349: 1498–1504. OECD. Eco-santé. OECD Health Database 1999. Paris: OECD; 1999. Robine JM, Romieu I, Cambois E. Health expectancy indicators. Bulletin of the World Health Organisation 1999; 77: 181–85. Wolfson MC. Health-adjusted life expectancy. Health Reports 1996; 8: 41–45. Mathers C, Vos T, Stevenson C. The burden of disease and injury in Australia. Australian Institute of Health and Welfare, Canberra: AIHW; 1999. Robine JM, Mathers C, Brouard N. Trends and differentials in disability-free life expectancy: concepts, methods and findings. In: Caselli G, Lopez AD, eds. Health and mortality among elderly populations. Clarendon Press: Oxford, 1996; 182–201. United Nations. Guidelines for household surveys on health. Department for economic and social information and policy analysis. New York, USA: Statistical Division; 1995. de Bruin A, Picavet HSJ, eds. Health interview surveys: towards international harmonization of methods and instruments. WHO Regional Publications, European Series, No 58. Copenhagen: WHO Regional Office for Europe; 1996. Rasmussen N, Gudex C and Christensen S. Survey data on disability, Eurostat working papers, population and social conditions 3/1999/E/n 20. Luxembourg: European Commission; 1999. Robine JM, Jagger C. Developing consistent disability measures to address public policy needs for older populations. Background paper prepared for OECD meeting on implications of disability for ageing populations: Monitoring Social Policy Challenges. Paris, Dec 9–10, 1999. Sadana R, Mathers C, Lopez AD, Murray CJL, Iberg K. Comparative analysis of more than 50 household surveys on health status. GPE discussion Paper No. 15. Geneva: WHO; 2000. Also available at www.who.int/evidence. Lopez AD, Salomon J. Ahmad O, Murray CJL. Life tables f or 191 countries: data, methods and results: GPE discussion per No 9. Geneva: WHO; 2000. Also available at www.who.int/evidence. Salomon J, Gakidou EE, Murray CJL. Methods for modelling the HIV/AIDS epidemic in sub-Saharan Africa: GPE discussion Paper No 3. Geneva: WHO; 2000. Also available at www.who.int/evidence. Salomon J, Murray CJL. Compositional models for mortality by age, sex and cause: GPE discussion Paper No 11, Geneva: WHO; 2000. Also available at www.who.int/evidence. Murray CJL. Rethinking DALYs. In: Murray CJL, Lopez AD, eds. The Global Burden of Disease. Cambridge: Harvard University Press; 1996. Mathers C, Sadana R, Salomon J, Murray CJL, Lopez AD. Estimates of DALE for 191 countries: methods and results: GPE discussion Paper No 16. Geneva: WHO; 2000. Also available at www.who.int/evidence. Poullier J-P, Hernandez P. Estimates of national health accounts (NHA) for 1997: GPE discussion Paper No. 27. Geneva: WHO, 2000. Also available on the worldwide web at www.who.int/evidence.



THE LANCET • Vol 357 • May 26, 2001



WORLD HEALTH REPORT 2000



29 Crimmins EM, Saito Y, Reynolds SL. Further evidence on recent trends in the prevalence and incidence of disability among older Americans from two sources: the LSOA and the NHIS. J Gerontol 1997; 52B: S59–S71. 30 Manton KE, Stallard E, Corder LS. Changes in morbidity and chronic disability and insrtitutional incidence and prevalence rates in



the US elderly population from the 1982, 1984 and 1989 National Long Term Care Survey. J Gerontology 1995; 48 : S153–166. 31 Murray CJL, Tandon A, Salomon J. Mathers C. Enhancing cross-population comparability of survey results: GPE discussion Paper No 35. Geneva: WHO; 2000. Also available at www.who.int/evidence.



Uses of error: the wrong research costs lives Pneumonia is the commonest cause of death among children, and over 98% of the deaths occur in developing countries. This might not be the case if we had done a large controlled trial of the polysaccharide pneumococcal vaccine in the 1980s. In the 1970s, many different viruses and bacteria were thought to cause pneumonia and little could be done to prevent children dying.1 However, many clinicians working in developing countries suspected that most severe pneumonia was caused by bacterial infection - clearly, we needed more information. Bob Douglas persuaded me to do lung aspirates to obtain reliable information about the cause of pneumonia in children in Papua New Guinea. The results were available by the early 1980s, and they confirmed that almost all very severe cases were caused by Streptococcus pneumoniae or Haemophilus influenzae.2 Thus, mortality from pneumonia could be reduced by giving antibiotics. However, antibiotics would clearly be only a short-term solution—they would be hard to deliver to the poorest children, who needed them most, and resistance would develop quickly. We really needed vaccines. Polysaccharide capsular vaccines against pneumococcus had been available for many years, but the conventional wisdom was that these vaccines were not effective in children less than about 2 years of age— and most of the deaths occur in this age group. However, Ian Riley had done a small controlled trial of polysaccharide pneumococccal vaccine in Papua New Guinea in 1974-77.3 The results were not statistically significant, but mortality among children aged less than 2 years at vaccination was 21·1 per 1000 person years in the placebo group and only 14·1 in the vaccine group. More children were studied in controlled trials in Tari and Asaro in Papua New Guinea in 1981-85.3 In Tari, mortality was again lower in the vaccine group, but there was a trend towards a higher mortality with the vaccine in Asaro. When the three trials were combined, the vaccine reduced total mortality by 25% in children younger than 2 years of age, but the reduction was not significant (95% CI -6 % to 47%).3 This finding was very controversial—it conflicted with the conventional wisdom that the vaccine does not work in children younger than 2 years of age, it was really three separate trials combined, and the reduction in total mortality was substantial but not statistically significant. The controversy occurred in the late 1980s, when it seemed that polysaccharide-protein conjugate vaccines against pneumococcus would be available in just a few years. I argued, as did many others, that it was not worth doing further trials of the polysaccharide vaccine in young children—we should just wait for the conjugate vaccine. This was a serious mistake. The first conjugate vaccine was not licensed until 14 years after the Papua New Guinea study was published. In addition, the conjugate vaccines are difficult to make, so that they are likely to be far too expensive for developing countries for many years—perhaps another 14 years, judging by past experience.4 On the other hand, the polysaccharide vaccine is easy to produce in large quantities, and it is inexpensive and safe. Substantial reductions in mortality might be achieved if we gave the vaccine to women in late pregnancy (to protect the baby in the first months of life5), and to the infant at 8-9 months of age. In 1998, I belatedly argued that there is still a need for another controlled trial of the polysaccharide pneumococcal vaccine.6 If the vaccine really does reduce total mortality by 25%, and an average of 12 million children died each year for the past 14 years, 42 million deaths might have been prevented. Even if the vaccine reduces total mortality by only 10%, 17 million children have died unnecessarily. Mistakes in setting research priorities can have a much greater effect than errors in the clinical management of individual patients—and this is especially true in developing countries, where mortality rates are so high and the resources available for research are so limited. Frank Shann Intensive Care Unit, Royal Children's Hospital, Melbourne, Victoria 3052, Australia 1 2 3 4 5 6
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