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Table 5. Changes in life expectancy at age 40 y (e40) and percentage changes in the probability of death between 15 and 60 y of
age (45q15) and between 60 and 75 y of age (15g60) under counterfactual distributions of risk factors defined by clinical
guidelines and national goals.

Risk Factor e40 (Years) 45q15 (Percent) 15q60 (Percent)

High blood glucose X (0.0, 0.2)

High blood pressure

High dietary salt intake 0.0 (0.0, 0.0) —3.4 (—0.2, 0.0) —-24 (—0.5, —0.1)

High dietary salt intake 0.0 (0.0, 0.0) -0.2 (—0.3, —0.1) -04 (=05, —0.2)

Joint risk 0.7 (0.6, 0.9) -3.1 (—26, —1.0) —56 (—6.6, —4.9)

Values in parentheses indicate lower and upper bounds of 95% CI.
2A combination of high blood glucose, high LDL cholesterol, high blood pressure (directly, and indirectly through high dietary salt intake), and high body mass index.
doi:10.1371/journal.pmed.1001160.t005

Discussion We believe that the smoking impact ratio used in our study is
useful for quantifying accumulated smoking risk over a lifetime.
Our results suggest that the threat of tobacco smoking for
mortality is enormous in men and has been increasing over time
through the accumulation of exposure to this risk in the older
population. A previous study showed that lifetime smoking
prevalence was low for the generation born in the late 1930s
who experienced the deprivation in the early postwar years, but

To our knowledge, this is the first study in Japan to assess and
compare effects of a comprehensive list of modifiable risk factors
on life expectancy and death from non-communicable diseases
and injuries under the framework of comparative risk assessment.
Our study indicates that major risks for adult mortality from these
causes are tobacco smoking and high blood pressure, as well as a

combination of multiple cardiovascular risks. We also demonstrate rose thereafter until it peaked for the birth cohort of the 1950s
that, over the past 27 y, cancer mortality attributable to tobacco [42]. These findings imply that, without effective policy interven-
smoking has increased, especially in the older population, while  fions, the increasing trend in tobacco-associated mortality may
stroke death associated with high blood pressure has decreased. continue until at least the late 2030s, when the birth cohort of the

The leading single risk factors for adult mortality from non- late 1950s reaches the age of 80 y. Aiming to decrease the disease
communicable discases and injuries in Japan, ie., tobacco burden related to tobacco smoking in the population, the Japanese
smoking, high blood pressure, physical inactivity, and high blood government enacted the Health Promotion Act in 2002 to support
glucose concentrations, agree with those in the world and the US prevention of passive smoking in public places. Based on this
[2,20]. The number of deaths attributable to tobacco smoking for legislation, Health Japan 21 specified four targets for tobacco
Japanese men is large relative to the number attributable to high smoking: (i) increasing knowledge of the adverse health effects of
blood pressure, even compared with the proportion among smoking, (i) prohibiting minors from smoking, (iii) strengthening
American men. This result may be related to a substantially separation of smoking areas in public spaces and the workplace,
higher prevalence of male smokers in Japan than in the US for the and (iv) dissemination of smoking cessation programs in all
past 25 y [43]. Moreover, high body mass index ranks only tenth municipalities. A final appraisal of Health Japan 21 concluded that
for both sexes in japan, while it is one of the top five contributors there was improvement for all of these targets [7] Howevcr’ the
to mortality in other high- and middle-income countries [2]. This prevalence of smoking in the male working population is still high
finding reflects the fact that mean body mass index in Japan is low at around 50%, although it has been gradually declining after the
for the income level of the country [44]. implementation of a series of antismoking policies. Morcover,

Our estimate of the impact of tobacco smoking on male life although Japan ratified the World Health Organization Frame-
expectancy at age 40 y (1.8 y) was smaller than those of past work Convention on Tobacco Control in 2004, compliance is
cohort studies in Japan. Previous studies showed that, according to lagging behind international standards for smoke-free policies,
smoking status at the time of the baseline survey, life expectancy bans on advertising, health warnings on cigarette packages, and
for men aged 40 y in the total population was shorter than that of antitobacco mass media campaigns [45]. The retail price of the
never-smokers by around 2.5 y [14,16]. Use of different exposure most popular brand of cigarettes is lower than the average among
measurements may explain part of the difference in estimated high-income countries [45]. The recent tobacco tax increase in
impacts of tobacco smoking between the present and past studies. October 2010 was insufficient to induce smokers to give up
@ PLoS Medicine | www.plosmedicine.org 11 January 2012 | Volume 9 | Issue 1 | 1001160
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Figure 2. Cancer deaths attributable to tobacco smoking, by age group, 1980-2007. Data for (A) men and (B) women.

doi:10.1371/journal.pmed.1001160.g002

purchasing tobacco products. Thus, the progress in tobacco
control policies is slow, largely because Japanese society is
relatively tolerant of this unhealthy behavior. In order to improve
the health of the population, policymakers need to implement
further stringent antismoking measures that appropriately assess
the health impacts of smoking on non-smokers as well as on the
smokers themselves.

Our study suggests that a decrease in population blood
pressure partly accounts for a reduced mortality from stroke at
least since 1980, although the downward trend leveled off for
elderly men in the early 1990s. Stroke mortality started
decreasing in the late 1960s and has been the major contributor

@ PLoS Medicine | www.plosmedicine.org
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to the increase of life expectancy in Japan [4]; our finding backs
up the idea that a reduction in population blood pressure has
contributed to improved longevity. Potential key factors for the
decline of blood pressure in the Japanese population may include
increased use of blood-pressure-lowering drugs among patients
with hypertension, and a reduction in dietary salt intake [46].
These successes may be attributed to the support of the national
government for community-based programs for hypertension
control that were proven to be effective in pilot studies conducted
in the 1960s and 1970s [47]. In 1982, a national act on health
and medical care was enacted that required all municipalities to
provide residents aged 40 y and over with health screening and
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Figure 3. Stroke deaths attributable to high blood pressure, by age group, 1980-2007. Data for (A) men and (B) women.

doi:10.1371/journal.pmed.1001160.g003

educational services for prevention of cardiovascular discases
(47].

Despite the decrease in stroke mortality attributable to high
blood pressure, this is still the major risk factor for cardiovascular
mortality in Japan. The management of high blood pressure is not
adequate even under the practical standards of domestic clinical
guidelines. In 2007, less than 60% of hypertensive patients took
antihypertensive medication daily, and only 20% had their blood
pressure controlled [48]. These treatment coverage and control
rates are substantially lower than those in the US [48]. Previous
studies pointed out that an acceptance of higher control thresholds
of blood pressure among physicians [49] and insufficient treatment

@ PLoS Medicine | www.plosmedicine.org

-45-

regimens [50] might partly explain the poor control of blood
pressure with antihypertensive drugs in Japanese clinical practice.
A thorough investigation is necessary to understand what makes
the quality of care for hypertension so low at the population level,
including investigating adherence of patients to prescriptions.
Furthermore, lowering dietary sodium intake is crucial for
decreasing blood pressure as well as mortality from stomach
cancer in Japan. The Japanese diet is traditionally high in salt,
which mainly comes from soy sauce, miso soup, and salted
vegetables and fish [51]. Although Health Japan 21 was successful
in decreasing average daily salt intake from 13.5 g in the baseline
year to 10.7 gin 2009 [7], it is well above the global target of 5 g/
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d set by the World Health Organization [52]. Extra efforts by the
industrial sector on ingredient labeling for consumers and
reducing sodium content in commercially processed products are
essential.

Another key finding of our study is that a considerable number of
deaths from cardiovascular diseases would be prevented through
joint control of multiple risk factors in Japan. In addition to the
traditional approach of focusing on single risk factors, health
education and effective treatment based on absolute risk have great
potential for improving primary and secondary prevention of
cardiovascular mortality. Our results support current domestic
efforts to target high-risk populations, such as cardiovascular risk
stratification according to categories of multiple risks [53,54] and
the development of risk assessment charts for Japanese people {55].

Our study suggests that physical inactivity contributes to a
substantial mortality from non-communicable diseases in Japan.
Lack of exercise is common: in 2008, two-thirds of the Japanese
adult population engaged in less than 30 min of moderate activity
per week or less than 20 min of vigorous activity three times per
week [56]. Considering global efforts to promote physical activity
for the prevention of non-communicable diseases [57], it is
important to strengthen policies for improving public understand-
ing of the role of physical training in disease prevention, and
provide support for individual’s efforts to start having regular
exercise.

Our results suggest that mortality from external causes, such as
suicide and traffic accidents, associated with alcohol use is fairly
small in Japan. For suicide, relative risks of alcohol use were
insignificant, except for heavy drinking, in a large Japanese cohort
study [58]. Major reasons for suicide in the male working
population are psychiatric disorders and economic reasons such
as business failure, unemployment, and debts [59], which suggest
that direct risk factors for deaths from suicide are psychosocial,
and alcohol use itself may have only an indirect effect. Regarding
road traffic accidents, it remains to be seen in future research how
robust our result is, because our information on road traffic
accidents was limited to published crude estimates on risk
exposures and relative risks. We also applied relative risks of
suicide to falls, homicide, and other injuries because of the lack of
evidence. In order to make a convincing argument on mortality
from alcohol-related injuries in Japan, we need to wait for more
detailed data and evidence to be accumulated and be made
accessible.

One of distinctive characteristics of adult mortality in Japan is a
large number of cancer deaths attributable to infectious agents,
which is possibly common in FEast-Asian countries [26,60].
Mortality from stomach cancer related to H. pylori is substantial
in Japan, because of the relatively high prevalence of this infection
[26]. However, a decline in the prevalence of H. pylor: infection
was observed among people born after 1955 [38], who
experienced improved hygienic conditions under rapid economic
growth in early childhood. This favorable trend predicts a future
reduction in the burden of gastric cancer attributable to H. pylori in
Japan. Moreover, chronic infection from hepatitis C virus is
responsible for the majority of cases of hepatocellular carcinoma in
Japan, while hepatitis B virus plays the major role in most Asian
countries [61]. A considerable part of mortality attributable to
hepatitis C virus infection occurred among people born in the
early 1930s. The risk of becoming infected with hepatitis viruses
was high in this birth cohort, because intravenous use of
methamphetamines was endemic in Japan in their young
adulthood [27,62]. The spread of hepatitis viruses from drug
abusers to the general population in the 1950s and 1960s was most
likely mediated by transfusion of unscreened or commercial blood
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and blood products and by medical practices such as needle
sharing for immunizations [62]. The decreasing prevalence of
infections with hepatitis C virus after the birth cohort of around
1935 indicates that the mortality burden of this infectious agent
will diminish in the foreseeable future.

Will the estimated improvements in population health outcomes
be worth all the efforts required of the government, citizens, and
health care workers involved in the modification of risk factors?
The overall increases in life expectancy associated with improved
risk factor exposures may appear small in comparison with
observed improvements in Japanese longevity over previous
decades. This is, however, consistent with a past study’s finding
showing that even complete elimination of deaths from major
causes would not affect life expectancy as much as anticipated in
the US, and an additional drop in mortality would have only a
marginal effect in countries where the rapid increases of life
expectancy have already ended [63]. A study in Sweden also
suggested that the main improvements in increasing a life span
come from changes in death rates among the oldest groups [64].
In order for the aging population to continue the constant progress
in longevity, it is essential to decrease mortality in older ages
through the control of risk factors for non-communicable discases
and injuries. Working on risk factors in younger generations is
especially important from this standpoint to ensure further
improvement in Japanese life expectancy in the long run.

Our study was based on global efforts of various agencies to pool
evidence on causality and consistency of relative risks. We also
used Japanese population evidence from large-scale cohort studies
if they confirmed established causality, although effects of excess
risks should not vary across populations [20]. We believe,
however, that our effort was justified because the pooled estimates
of these large-scale studies reflected the magnitude of the
proportional effects of risk factors in the specific context of the
Japanese population.

Our analysis had several limitations that should be noted. First,
we focused on impacts of risk factors on mortality relative to
changes in life expectancy and did not account for morbidity and
disability. It is important in future studies to integrate these
nonfatal health outcomes and examine disability-adjusted life
years under the framework of comparative risk assessment in
Japan. This is particularly true because the prognosis of non-
communicable diseases has been improving with enhanced access
to care, advances in medical technologies, and the standardization
of treatment. Second, we could not incorporate standard
metabolic equivalents in the categorization of exposures to
physical inactivity because of the lack of detailed data from the
2007 survey, but instead we adopted a broader classification based
on only the intensity and duration of physical activity that was
used in the Global Burden of Disease Study in 2000. Third, data
on dietary sodium intake until 1995 were recorded at the
household level, which might increase uncertainty concerning
the estimated stroke mortality attributable to high blood pressure
in the early years. Fourth, we employed LDL cholesterol as an
exposure metric for high concentrations of serum cholesterol,
because it is the major atherogenic lipoprotein and a primary
target for prevention of coronary heart disease [65]. It is, however,
also a possibility for future studies to examine effects of low
concentrations of high density lipoproteins, because growing
evidence indicates that it plays an important role in atherogenesis
[65]. Last, some of the Japanese population studies included in this
analysis did not exclude disease end points occurring within a
certain period after baseline in estimating relative risks. A few
studies, however, conducted additional analyses and proved that
changes in their results were minor.
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To sustain the trend of longevity in Japan for the 21st century,
additional efforts in a variety of fields are required for decreasing
adult mortality from chronic diseases and injuries. A first step will
be to powerfully promote effective programs for smoking cessation.
Indeed, tobacco smoking is deeply rooted in Japanese society, and
coordinating among interests of ministries and industries is hard.
Health care professionals, including physicians, who are highly
conscious of the harms of tobacco will play the primary role in
treatment of smoking and creating an environment for implemen-
tation of stringent tobacco control policies. Moreover, it is urgent
to establish a monitoring system for management of high blood
pressure at the national level. Further investigation through
national health surveys will help understand factors that contribute
to the inadequate control of blood pressure in the Japanese
population. Measuring the quality of the care that is actually
delivered by interventions will be of paramount importance in the

assessment of current policies and programs for the treatment of |

multiple cardiovascular risks including hypertension. These
concerted actions in research, public health, clinical practice,
and policymaking will be the key for maintaining good population
health in the aging society.
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Edltors Summary

Background Worldwnde a small number of mo
factors are responsible for many prematur
deaths. For example, having high blood pressure

(hypertension) increases a person’s risk of developing life-

threatemng ‘heart problems and stroke (cardlovascular;,;,
having a high blood sugar level

disease). Slmllarly,
increases the risk of developing diabetes, a chronic (long-
term) disease that can lead to cardiovascular problems and
kidney failure, and half of all long-term tobacco smokers in
Western populations will die prematurely from diseases

related to smoking, such as lung cancer. Importantly, the five

major risk factors for death globallywhlgh blood pressure,

tobacco use, high blood sugar, physical inactivity, and ,

overweight and obesity—are all modifiable. That is, lifestyle
changes and dietary changes such as exercising more,
reducing salt intake, and increasing fruit and vegetable

intake can reduce an individual’s exposure to these risk

factors and one’s chances of premature death ‘Moreover,

e or preventable

A Comparative Risk Assessment in Japan

the k factors on \,f['mber ofdeaths ln‘
Japan and . on life expectancy at age 40. In 2007, tobacco
smoking and high blood pressure accounted for 129,000 and
104,000 deaths, respectively, in Japan. Physical inactivity

- accounted for 52,000 deaths, high blood glucose -and high
dietary ‘salt intake ‘accounted for 34,000 deaths each and

alcohol use for 31,000 deaths. Life expectancy at age 40 in
2007 would have been extended by 14 years for both
sexes, the researchers estlmate, if ‘exposure to multiple
cardiovascular risk factors had been reduced to calculated

_ optimal distributions, or by 0.7 years if these risk factors had
~‘been reduced to the dlstnbutlons def ned by natlonal

gurdelmes and goals

- What Do These Fmdmgs ‘Mean? These fi ndmgs rdentlfy

public health programs desrgned to reduce a populatron s

exposure to  modifiable risk factors should

preventable deaths in that populatlon

red uce

Why Was Thls Study Done7 ln 2000 the Japanese
government initiated Health Japan 21 a ten-year national

health promotion campaign de5|gned to prevent premature

death from non-communicable (noninfectious) diseases and
injuries. This campalgn set 59 goals to monitor and improve

risk factor management in the Japanese populatlon, which
has one of the longest life expectancres at birth in the world

(the life expectancy of a person born in Japan in 2009 was -

83.1 years). Because the campaign'’s final evaluation revealed

deterioration or no improvement on some of these goals,
the Japanese government recently released new guidelines
that stress the importance of simultaneously controlling
multiple risk factors for.chronic dlseases However, although ,

several studles have quantxf“ ied  the

expectancy .and . cause-specific . death
modifiable risk factors in Japan, the effects of multlple risk
factors have not been assessed In thls study, the researchers

lmpacts on

the effects of 16 risk factors on cause-specific deaths and life
expectancy in Japan. Comparative risk assessment estimates
the number of deaths that would be prevented if current
distributions of risk factor exposures were changed to
hypothetical optimal distributions.

What Did the Researchers Do and Find? The researchers
obtained data on exposure to the selected risk factors from
the 2007 Japanese National Health.and Nutrition Survey and

5 on_life -
_individual

from. epidemiological  studies, and information on the

number of deaths in 2007 from different diseases from
official records. They used publrshed studies to estimate how
much each factor increases the risk of death from each

disease and then used a mathematical formula to estimate

@ PLoS Medicine | www.plosmedicine.org
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tobacco smoklng and high blood pressure as the major risk
factors for death fr m non-communicable dise ses among
adults in Japan, a result' consistent with previous fi ndlngs
from the US. They also indicate that simultaneous control of
multiple risk factors has great potential for producing health
gains among the Japanese ‘population. Although  the
researchers focused on estimating the effect of these risk
factors on mortality and did not include illness and disability
in this study, these findings nevertheless identify two areas
of pubhc health policy that need to be strengthened to
improve. health, : reduce death rates, and," increase life
expectancy among the Japanese population. Flrst they
highlight the need to reduce tobacco smoking, particularly
among men. Second and most |mportantly, these findings
empbhasize the need to improve ongoing programs designed
to help people manage multiple cardlovascular risk factors,
mcludmg hlgh blood pressure

Addltlonal Informatlon. Please access these websrtes via
the online version of this summary. at http //dx doi.org/10.
l371/_|ournal pmed 1001 160

The s Centers for stease Control and Preventlon
provrdes information on all aspects of healthy living

The World Health Report 2002—Reducmg Risks, Promoting
Healthy Life provides a global analysrs of how healthy I|fe
expectancy could be increased

The American Heart Association and the Amencan Cancer
Society provide information on many important risk factors
for noncommunicable diseases and include some personal
stories about keeping healthy

Details about Health Japan 21 are provided by the
Japanese Ministry of Health, Labour and Welfare. Further
details about this campaign are avallable from the World
Health Organization ,

MedlmePIus provides links to further resources on healthy
hvmg and on healthy aglng (in Engllsh and Spamsh)
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Abstract. Sofi F, Valecchi D, Bacci D, Abbate R, Gensini
GF, CasiniA, MacchiC (Centro S. Maria agli Ulivi, On-
Ius IRCCS; Thrombosis Centre, University of Flor-
ence; Azienda Ospedaliero-Universitaria Careggi,
Florence, Italy). Physical activity and risk of cognitive
decline: a meta-analysis of prospective studies.
J Intern Med 2011; 269: 107-117.

Objective. The relationship between physical activity
and cognitive function is intriguing but controversial.
We performed a systematic meta-analysis of all the
available prospective studies that investigated the
association between physical activity and risk of cog-
nitive declinein nondemented subjects.

Methods. We conducted an electronic literature search
through MedLine, Embase, Google Scholar, Web of
Science, The Cochrane Library and bibliographies of
retrieved articles up to January 2010. Studies were
included if they analysed prospectively the associa-
tion between physical activity and cognitive decline in
nondemented subjects.

Results. After the review process, 15 prospective stud-
ies (12 cohorts) were included in the final analysis.

These studies included 33 816 nondemented sub-
jects followed for 1-12 years. A total of 3210 patients
showed cognitive decline during the follow-up. The
cumulative analysis for all the studies under a ran-
dom-effects model showed that subjects who per-
formed a high level of physical activity were signifi-
cantly protected (-38%) against cognitive decline
during the follow-up (hazard ratio (HR) 0.62, 95%
confidence interval (CI) 0.54-0.70; P < 0.00001).
Furthermore, even analysis of low-to-moderate level
exercise also showed a significant protection (—~35%)
against cognitive impairment (HR 0.65,95% CI10.57-
0.75; P < 0.00001).

Conclusion. This is the first meta-analysis to evaluate
the role of physical activity on cognitive decline
amongst nondemented subjects. The present results
suggest a significant and consistent protection for all
levels of physical activity against the occurrence of
cognitive decline.

Keywords: cognitive decline, dementia, exercise, physi-
cal activity.

Introduction

Itisunquestionable that physical activity has positive
effects on health; indeed, over the last few decades, a
large body of evidence has shown that physical activ-
ity helps to reduce the risk of cardiovascular and
cerebrovascular diseases, diabetes, obesity, hyper-
tension and some cancers [1]. Moreover, it has been
demonstrated that an active lifestyle impacts on all
causes of mortality. With ageing, some cognitive
functions such as attention, memory and concentra-
tion decline, becoming slower and inefficient, as for
some physical functions such as walking and bal-
ance. These manifestations are the result of neural

cellloss in the frontal, parietal and temporal lobes [2]
and strongly depend on an ipofunction of the mono-
aminergic and cholinergic pathways [3]. Many of
these cognitive changes are evident and can cause
mild disability, even if a state of dementia is not
reached.

Cognitve decline is heterogeneous, depending on var-
ious factors. Many studies have shown an inverse
relation between physical activity and the risk of
developing cognitive decline [4, 5], but the cause of
the association has not been clearly established. Indi-
viduals who remain active throughout life, especially
during middle age, generally have better cognitive

© 2010 The Association for the Publication of the Journal of Internal Medicine 107
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performance during later life, so preserving their cog-
nitive functions for longer. Recent evidence suggests
that in addition to reducing vascular risk factors,
physical activity may increase directly the production
of neurotrophic factors in the brain [6].

The results of a recent meta-analysis showed that
physical exercise is able to reduce the incidence of
neurodegenerative diseases; in particular, dementia
and Alzheimer’s disease [7]. By contrast, few and con-
flicting data are available on the possible protective
role of physical activity on the occurrence of cognitive
decline, independent of the onset of neurodegenera-
tive disease [8-18].

Therefore, the aim of this study was to conduct a
meta-analysis of all the available prospective cohort
studies that investigated the association between
physical activity and cognitive decline in nondement-
ed subjects.

Methods
Selection of studies

Studies that investigated the possible association be-
tween physical activity and cognitive decline in non-
demented adults were identified through a computer-
ized search of all electronic databases: MedLine
(source: PubMed, 1966 to January 2010), Embase
(1980 to January 2010), Web of Science, The Cochra-
ne Library (source: The Cochrane Central Register of
Controlled Trials, 2009, issue 1), Clinicaltrials.org
and Google Scholar. Relevant keywords relating to
physical activity as Medical Subject Heading terms
and text words (‘physical activity’ or ‘physical exer-
cise’or ‘exercise’, or fitness’ or ‘training’) were used in
combination with words relating to cognitive impair-
ment (‘cognitive decline’ or ‘cognitive function’, or ‘cog-
nitive impairment or ‘cognitive loss’, or ‘dementica’, or
‘cognition’ or ‘memory’). We limited the search strat-
egy to prospective cohort epidemiological studies,
with no language restrictions, supplemented by man-
ually reviewing the reference list of all retrieved arti-
cles.

Two investigators (FS, DV) assessed all potentially
relevant articles for eligibility. The decision to in-
clude or exclude studies was hierarchical and made
on the basis of the following: (i) the study title; (ii) the
study abstract; and (iii) the complete study manu-
script. In the event of conflicting opinions between
investigators, disagreement was resolved through
discussion.

Eligible studies were included if they met all of the fol-
lowing criteria: (i) a prospective cohort design; (ii) the
association between physical activity and cognitive
function as the primary or secondary outcome; (iii)
nondemented subjects evaluated at baseline; (iv)
clear definitions of methods used to assess cognitive
performance and cognitive decline; (v) reported data
onphysical activity levels in relation to cognitive func-
tion; and (vi) reported estimates of association be-
tween physical activity and cognitive decline. Accord-
ingly, studies were excluded if: (i) the design was
cross-sectional, case control or interventional; (ii)
outcomes other than those of interest for the meta-
analysis were considered; (iii) patients with dementia
or cognitive decline at baseline were included in the
study; {iv) the association between physical activity
and cognitive decline was not reported; or (v) esti-
mates of the association between physical activity
and the decline in cognitive function were not
presented (Data S1).

The outcome of interest for the current meta-analysis
was cognitive decline or cognitive impairment, de-
fined as decline in cognitive functioning tests at fol-
low-up examination (see Table 1 for further informa-
tion about tests used to measure cognitive function).

Data extraction

All data were reviewed and separately extracted by
two independent investigators (FS and DV) using a
standardized form. The following patient characteris-
tics were recorded: data and study cohort, country of
the study cohort, baseline year, number of subjects
at baseline, gender of the cohort, years of follow-up,
age of the study cohort at baseline, definition of out-
come of interest, methods used to assess cognitive
function and physical activity, hazard ratio (HR) and
confidence interval (CI) values for risk of cognitive de-
cline, and adjustment for confoundingfactors in mul-
tivariate models.

Statistical analysis

Weused Review Manager (RevMan; version 5.0.23 for
Macintosh; Copenhagen, Denmark] to pool results
from the individual studies.

Pooled results are reported as HR and are presented
with 95% CI with two-sided Pvalues using a random-
effects model (DerSimonian and Laird method).
P < 0.05 was considered to be statistically signifi-
cant. When available, we used the results of the origi-
nal studies from multivariate models with the most

108  © 2010 The Association for the Publication of the Journal of Internal Medicine Journal of Internal Medicine 269; 107-117

-51-



_ZS_

LL1-L01 ‘69T 3UjaIpayy [ei1a}u] JO [eLLINOY SUIDIPS | [BUISU] JO [UINOS SU} J0 UONEINGRd 3Y) 0} UCHERI0SSY BYLAL0Z ©

601

Table1 Study characteristics

Assessment of Assessment Physical
Source, Country, Subjects, Age, Outcome, cognitive of physical activity RR
y (Cohort) (baseliney) n Gender F-up,y year (n)(Definition) performance activity categories (95%CI) Adjustment
Hoetal.,2001 [8] China 519 M 3 270  Cognitive Information/ Questionnaire No 1.00 Age, education
(1991) impairment (35) orientation part of (Categories Yes 0.53
(CAPE <8 points) the Clifton basedon (0.25-1.11)
Assessment engagement
Procedure for the inanot-
elderly (CAPE) otherwise
specified
exercise)

Hoetal,2001 (8

9] (Canadian
Study of Health
and Aging)

Laurin etal,, 2001

Canada 1831

(1991}

M 5

Cognitive

impairment-No
Dementia {179)
{According to
WHOICDs)

MMSE and clinical

evaluation

exercise
Questionnaire
(Categories
basedon
frequency and
intensity of

exercises)

andclinical  Questionnai

None
Low
Moderate
High

1.00
0.65
(0.30-1.38)
0.84
(0.53-1.34)
0.68
(0.39-1.20)

Age, education,

smoking, alcohol,
NSAIDs, functional
ability in basicand
DALYs, self-rated
health, chronic

conditions

£11.00
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_exercises)
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Assessmentof Assessment Physical o
Source, Country, Subjects, Age, Outcome, cognitive of physical activity RR ?\"
y (Cohort) (baseliney) n Gender F-up,y year (n)(Definition) performance activity categories (95%CI) Adjustment
Schuit The 347 M 3 Mean: Cognitive decline MMSE Questionnaire <30 min day~ 131- 1.00 Age, education,
etal.,2001[10] Netherlands 74.6  (47) (23 declineon (Frequency 60 min day™’ 0.56 alcohol, smoking,
(The Zutphen (1990) MMSE) and duration >60 min day ! (0.19-1.67) cognitive function at
Elderly Study) of exercise 0.50 baseline,
andthen (0.18-1.43) disabilities ADL,
convertedin self-reported
minutes/ day) health, history of

MI, angina, TIA,
diabetes, CVD

Pignétti etal., Ttaly 1201 F 12 70-75 Cognitive decline MSQ Questionnaire  Low 1.00 MSQatbaseline
2002(11] (104) 21-point (Categories High 0.27
decline on MSQ) basedon (0.09-0.83)
type,
frequency and
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exercises)

| Cognitivedecline I
{110) £3-poi

1146  Age,ger

: educ

- Monongahelc cline level of cognitive
Valley : ‘tion, self-ra

rSourve
(MOVIES)]

o
=3
<
2.
(vd
o
oM ]
o
=
<
=
-
Qo
=
(=%
-
(%]
=
Q
e,
(2]
(=4
vQ
=1
=
<
[+-]
=
1]
S
=
(1]




_-VS_

LI LLI-LOL ‘69T iaipayy [eusalu] Jo [eiinof SUIDIpSN [BUIaU[ JO [euInof 3y} Jo uone3land ay) J0j uoneIdossy au) 107 @

Table 1 (Continued)

Assessment of Assessment Physical
Source, Country, Subjects, Age,  Outcome, cognitive of physical activity RR
y (Cohort) (baseliney) n Gender F-up,y year (n)(Definition) performance activity categories (95%CI) Adjustment
Flickeretal 2005  Australia 618 M Mean: 265 Cognitive MMSE Self-reported Nonvigorous 1.00 Age, education,
[13] (Healthin (1996) 4.8 Impairment (Categories Vigorous 0.50 treatment of
Men Study) (111) (MMSE basedon (0.25-0.99) hypertension,
score <24 frequency and diabetes,
points) consumption of full-

Sumic etal., 2007 US(1989) 39 M Mean: 285

[15] (The Oregon 4.7
BrainAging
Study)

Cognitive

Impairment
(23) (MMSE
score <24
points)

intensity of

cream milk, alcohol

Self- <4 h week’

1.00 Age, education,
administered >4 h week™ 0.91 ApoE4, delayed
questionnaire {0.25-3.40) recall test
{Hours per
week of
exercises)

Sumicetal,2007  US:

- weekof:
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Tahle 1 (Continued)

Assessment of Assessment Physical
Source, Country, Subjects, Age, Outcome, cognitive of physical activity RR
y (Cohort) (baseliney) n Gender F-up,y year (n)(Definition) performance activity categories 95%Cl) Adjustment
Middleton etal., Canada 4683 M/F 5 265 Cognitive mMMSE Self- Low 1.00 Age, gender,
2008[16] (1991) Impairment-No administered Moderate-High 0.73 education, NSAIDs,
(Canadian Study Dementia (454} questionnaire (0.59-0.91) vascular risk factor
of Healthand (Categories index
Aging) basedon
frequency and
intensity of

7] s

Etgen etal., 2010
[18] (The INVADE
Study)

Germany 3485 M/F 2
(2001) impairment (207)

>55 Cognitive

(6CIT score >7)

6CIT
(Short
Blessed
Test)

Questionnaire No

(Days per Moderate
week of High
strenuous

activities)

1.00
0.44
(0.24-0.83)
0.46

(0.25-0.85)

Age, gender, BMI,

baseline 6CIT score,
depression, alcohol,
diabetes, IHD
and/or stroke,
hyperlipidemia,
hypertension,
chronic kidney
disease, smoking
habit

CAPE, Clifton assessment procedure for the elderly; MMSE, mini-mental state examination; MSQ, mental status questionnaire; mMMSE, modified mini-mental state examination; APOE,

apolipoprotein E; NSAIDs, nonsteroidal anti-inflammatory drugs; IHD, ischemic heart disease.
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complete adjustment for potential confounders; the
confounding variables included in this analysis are
showninTable1.

The primary aim of the present meta-analysis was to
evaluate whether high levels of physical activity were
associated with significant protection against cogni-
tive decline at follow-up. Thus, for studies reporting
low levels of physical activity, instead of high, in rela-
tion to cognitive decline, we recalculated the HR using
conventional procedures. Statistical heterogeneity
was evaluated using the I? statistic, which assesses
the appropriateness of pooling the individual study
results. The I value provides an estimate of the
amount of variance across studies because of the het-
erogeneity rather than chance. Where I? was greater
than 50%, heterogeneity was considered to be high.
Moreover, to further investigate the heterogeneity
across studies, we performed sensitivity analyses by
dividing studies into groups according to their main
characteristics. Subgroup analyses were then per-
formed according to gender, mean sample size of the
study populations (less than/at least 3500), mean
duration of follow-up (less than/at least 5 years) and
method used to evaluate cognitive function (mini-
mental state examination (MMSE)/other). Publica-
tion bias was appraised by visual inspection of the

funnel plot of effect size against standard error and,
analytically, by the Egger’s test.

Results
Study identification and selection

Our search strategy yielded 58 articles (Fig. 1). Of
these, we first excluded 17 articles because they had
a cross-sectional, case—control or interventional de-
sign. The selected articles were then carefully re-
viewed, and a further 14 articles were excluded be-
cause the reported outcome was incidence of
dementia or Alzheimer’s disease, i.e. not the outcome
of interest. Subsequently, 12 papers were excluded
because they did not report estimates of the associa-
tion between physical activity and decline in cognitive
function. The reasons for exclusion in all cases are re-
ported as supplementary information.

Thus, 15 prospective studies [5, 8-18] were included
in the analysis. Of these, three conducted analyses
separately for men and women and so were entered
into the final analysis each as a single paper. The
number of participants included in the studies varied
from 27 to 10 308, with a follow-up time ranging from
1 to 12 years. A total of 33 816 nondemented sub-

Articles excluded because of the study
design (n=17)

Case-control (n =4)
Cross-sectional (n=7)
Intervention studies (n = 6)

A 4

Articles excluded because they
reported outcome not of interest

\ 4

(n=14)
Dementia (7= 8)
Alzheimer’s disease (n = 6)

Fig.1 Flow chartofsearch stra-
tegy.

Articles excluded because of

A 4

inadequate statistical data (n = 12)

© 2010 The Association for the Publication of the Journal of Internal Medicine Journal of Internal Medicine 269; 107-117 113
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jects were included in the analysis. During the follow-
up period, 3210 incident cases of cognitive decline
were reported.

Characteristics of the studies included in the meta-
analysis are summarized in Table 1. The included
studies were conducted all over the world, including
China, Singapore, USA, Canada and Europe. All of
the studies included only elderly subjects (>65 years)
with the exception of the study by Singh-Manoux
et al., [14] that investigated younger subjects too.
With regard to the methods used to assess cognitive
functioning at baseline, most of the studies used the
MMSE. In addition, the definition of cognitive decline
at follow-up varied substantially in terms of points of
decline for cognitive tests used to measure cognitive
function.

Meta-analysis

Meta-analytic pooling under a random-effects model
showed that subjects who performed physical activity
at baseline had a significantly reduced risk of cogni-
tive decline during follow-up. Indeed, by grouping
studies according to the different levels of physical
activity, subjects who reported performing a high le-
vel of activity had a 38% reduced risk of cognitive de-
cline with respect to those who reported being seden-
tary (HR 0.62, 95% CI 0.54-0.70; P < 0.00001)
(Fig. 2). We found no significant heterogeneity
amongst the studies (I> = 17%; P = 0.26).

Similarly, when low-to-moderate levels of physical
activity were taken into consideration, the significant
protection against cognitive decline during follow-up
was still observed (HR 0.65, 95% CI 0.57-0.75;
P < 0.00001), and with no significant heterogeneity
amongst the studies (I> = 33%; P = 0.10) (Fig. 3).

Sensitivity analyses

Toinvestigate the possible differences across studies,
we performed sensitivity analyses by grouping stud-
ies according to various characteristics such as gen-
der of the study population, study size (mean size of
the study sample was 3500), length of follow-up
(mean duration was 5 years) and method used to
determine cognitive function (MMSE/other). Smaller
studies, including only women, and with a shorter
duration of follow-up, showed a tendency towards a
higher estimate of association in terms of significant
reduced risk of cognitive decline, compared with lar-
ger studies, in men, and with a longer follow-up peri-
od (Table 2).

Publication bias

Funnel plots of effect size versus standard error to
investigate possible publication bias were broadly
symmetrical, suggesting the absence of publication
bias for both high and moderate levels of physical
activity (P > 0.05 for both levels, Egger’s test) (Figs 4
and 5).

Discussion

This is the first meta-analysis that aimed to investi-
gate the association between physical activity and
cognitive decline in nondemented subjects. The over-
all analysis of 15 cohort prospective studies investi-
gating 30 331 nondemented subjects followed for a
period of 1-12 years and 3003 incident cases of cog-
nitive decline showed that physically active individu-
als at baseline have a significantly reduced risk of
developing cognitive decline during follow-up. In-
deed, the cumulative analysis demonstrated a 38%
reduced risk of cognitive decline in subjects with high

Risk ratio Risk ratio
Study or Subgroup Weight [V, Random, 95% CI IV, Randi 95% Ci
Ho et al., (M) 2.7% 0.53 [0.25, 1.12} r
Ho et al., (F) 5.8% 0.53 [0.32, 0.87]
Laurin et al., (M) 4.6% 0.68 [0.39, 1.19]
Laurin et al., (F) 3.6% 0.47 [0.25, 0.89] ————
Schuit et al., 1.4% 0.50[0.18, 1.41] —
Yaffe et al., 20.5% 0.74 [0.60, 0.91] —=
Pignatti et al., 1.3% 0.27 [0.09, 0.82} ———
Lytle et al., 2.8% 0.45 [0.22, 0.94] . —
Flicker et al., 3.2% 0.50 [0.25, 1.00]
Singh-Manoux et al., 16.7% 0.61[0.48, 0.78}] —
Sumic et al., (M) 0.9% 0.91 [0.25, 3.36] E—
Sumic et al., (F) 0.9% 0.12 [0.03, 0.44] e —
Middleton et al., 19.1% 0.73 [0.59, 0.91] —a—
Niti et al., 12.6% 0.62 [0.46, 0.84] —
Etgen et al., 3.9% 0.46 [0.25, 0.85]
Total (95% CI) 100.0%  0.62 [0.54, 0.70] @ Fig.2 Forest plotof studies
Heterogeneity: Tau? = 0.01; x* = 16.94, df = 14 (P = 0.26); I* = 17% OT 052 055 é g 150 investigating a high level of

Test for overall effect: Z = 7.49 (P < 0.00001)

14

No cognitive decline Cognitive decline
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Risk ratio Risk ratio

Study or Subgroup Weight 1V, Rand 95% CI 1V, Random, 95% Ci

Ho et al., (M) 3.0% 0.53 [0.25, 1.12] r

Ho et al., (F) 5.9% 0.53 [0.32, 0.87] _

Laurin et al., (M) 6.4% 0.84 [0.53, 1.34] T

Laurin et al., (F) 7.6% 0.55 [0.36, 0.83) —_—

Schuit et al., 1.5% 0.56 [0.19, 1.66] — T

Yaffe et al., 16.0% 0.78 [0.64, 0.96] o

Pignatti et al., 1.4% 0.27 [0.09, 0.82] —_—

Lytle et al., 6.4% 0.63 [0.40, 1.00] ]

Flicker et al., 3.4% 0.50 [0.25, 1.00] e —

Singh-Manoux et al., 14.8% 0.81 [0.65, 1.01] —=

Sumic et al., (M) 1.1% 0.91 [0.25, 3.36] e —

Sumic et al., (F) 1.1% 0.12 [0.03, 0.44] —

Middleton et al., 15.2%  0.73[0.59, 0.91] -

Niti et al., 12.1% 0.60 [0.45, 0.80)] —

Etgen et al., 4.1% 0.44 [0.24, 0.82] ——
Fig.3 Forest plotofstudies Total (95% CI) 100.0%  0.65 [0.57, 0.75] 'Y
investigating alow-to-moderate Heterogeneity: Tau? = 0.02; ¥? = 20.93, df = 14 (P = 0.10); * = 33% o 55 092 é 250

Test for overall effect: Z = 6.17 (P < 0.00001)

level of physical activity. No cognitive decline Cognitive decline

Table2 Subgroup analyses
Highlevel of Moderate level of

Studies, n physical activity physical activity

Gender

.70 (0.62-0.79)
0.63 (Q.SH.?S)

’ 0.57(0.48-0.67)

 0.55(0.46-0.66)
0.74 (0.65-0.85)

MMSE, mini-mental state examination.

levels of physical exercise, compared to sedentary occurrence of neurodegenerative diseases in nonde-
subjects. Moreover, low-to-moderate levels of physi- mented subjects. In the overall analysis, they found
cal activity similarly resulted in a significantly re- that physical activity is able to decrease the risk of
duced risk of deterioration of cognitive performance neurodegenerative diseases such as clinical demen-
(=35%). tia and Alzheimer’s disease, but they did not take into

account cognitive decline as a clinical outcome. By
To date, few studies have investigated the relation- contrast, the present meta-analysis is the first, to the
ship between an active lifestyle and cognitive perfor- best of our knowledge, that included only cognitive
mance in mentally healthy subjects, and results have decline as the clinical outcome. The choice to study
been conflicting [8-18]. Recent data, including some healthy subjects in relation to the decline in cognitive
from longitudinal studies and randomized trials, re- functions was based on the hypothesis that physical
ported a significant association between physical activity may help cognitive performance during age-
activity duringleisure time and a reduced risk of cog- ing, by preventing disability rather than a specific dis-
nitive impairment at follow-up [4, 9], whereas other ease. Cognitive decline can, in fact, occur as a part of
studies reported no significant benefit of physical the ageing processes of the brain, without leading to
activity on the decline in cognitive function {10, 19]. dementia but resulting in a poorer quality of life.
Recently, Hamer & Chida [7] conducted a meta-anal- Nonetheless, the diagnosis of dementia is based on a
ysis to investigate the role of physical activity on the number of parameters other than the worsening of

© 2010 The Association for the Publication of the Journal of Internal Medicine Journal of Internal Medicine 269; 107-117 115
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Fig. 4 Funnel plot for studies investigating a high level of
physical activity.
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Fig. 5 Funnel plot for studies investigating a low-to-moder-
ate level of physical activity.

cognitive performance, and patients referred to as
‘nondemented’ could show signs of slight cognitive
decline as early clinical manifestations of neurode-
generative disease.

Several explanations for the protective effect of
physical activity on cognitive functions have been
suggested. First, physical exercise helps to main-
tain cerebrovascular integrity, by sustaining blood
flow and the supply of oxygen and nutrients to the
brain [20]. Furthermore, physical activity positively
influences cardiovascular risk factors, such as dia-
betes, hypertension, obesity and dyslipidaemia,
and reduces the incidence of cardiovascular and
cerebrovascular events, with global haemodynamic
benefits [21]. Secondly, another possible protective
mechanism is the neurotrophic effect of physical

exercise. This may stimulate the release of neuro-
trophins, increasing synapses and dendritic recep-
tors, and promoting neuronal growth and survival
[22]. Finally, it has been reported that an active life-
style is able to prevent stress by reducing cortisol
levels, which can positively influence cognitive func-
tion [23].

There are a few limitations in this meta-analysis.
First, the methods used to investigate cognitive de-
cline and levels of physical activity varied substan-
tially across the included studies. The MMSE test
was the most frequently used tool for the diagnosis of
cognitive decline, but other tests were used in some
studies. This might have resulted in a nonhomoge-
nous definition of cognitive decline amongst the stud-
ies. Indeed, the MMSE test with the classical cut-off
(>3-point decline at follow-up or a score lower than 24
points) seems to be very suitable for the diagnosis of
cognitive decline but is affected by learning bias and
is therefore less accurate compared to other neuro-
psychological tests. By contrast, however, sensitivity
analysis showed no significant difference for esti-
mates of association in relation to the different meth-
ods used to determine cognitive function. Moreover,
with regard to physical activity, data were obtained
from questionnaires; thus, bias could be introduced
by misinterpretation of the questions and the per-
sonal perception of fatigue. In addition, studies differ
in the methods used to classify the level of activity,
ranging from studies with a simple differentiation of
active/not active to others with three or four levels of
intensity. Nevertheless, heterogeneity results as well
as subgroup analyses did not show any significant
differences in risk reduction amongst physically ac-
tive subjects in terms of the intensity of activity. In-
deed, in the overall results, we did not observe a dose~
response effect; instead, we found similar estimates
of association for both high and low-to-moderate
intensity of exercise.

In conclusion, these results highlight the important
role of physical activity in the protection of mental
functions even in subjects without neurodegenera-
tive disease. These considerations could be impor-
tant especially because the population is ageing and
a good cognitive function is fundamental for individ-
ual autonomy and quality of life, even in nondement-
ed subjects. The effect of physical activity does not ap-
pear to be dose dependent, but may be stronger in
women than in men. However, further studies are
needed to determine the optimal type, frequency and
intensity of exercise to preserve the integrity of cogni-
tive function.
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Methods for Trend Estimation from Summarized Dose-
Response Data, with Applications to Meta-Analysis

Sander Greenland and Matthew P. Longnecker

Meta-analysis often requires pooling of correlated estimates to compute regression
slopes (trends) across different exposure or treatment levels. The authors propose two
methods that account for the correlations but require only the summary estimates and
marginal data from the studies. These methods provide more efficient estimates of
regression slope, more accurate variance estimates, and more valid heterogeneity tests
than those previously available. One method also allows estimation of nonlinear trend
components, such as quadratic effects. The authors illustrate these methods in a meta-
analysis of alcohol use and breast cancer. Am J Epidemiol 1992;135:1301-9.

epidemiologic methods; logistic models; meta-analysis; risk assessment

Meta-analytic methods for clinical trial
data often assume that sufficient data are
available from each study to allow use of
ordinary analytic methods. Nevertheless,
meta-analyses of observational studies often
have to rely on the limited data available
from research reports, and they may have to
reconstruct the more complete data required
for regression analysis (1).

To obtain a regression slope from a re-
search report, one may have to pool esti-
mates for responses at different levels of

exposure or treatment. Current methods for
pooling estimates assume independence of
the estimates, an assumption that is never
true because the estimates for separate ex-
posure levels depend on the same reference
(unexposed) group. We present two new
methods of pooling that account for the
correlation between estimates, and we com-
pare the results of applying these methods
with the results from methods that assume
independence.

TREND ESTIMATION FROM A SINGLE REPORT

As a motivating example, consider the case-control data in table 1 on alcohol and breast
cancer, first presented by Rohan and McMichael (2). From these data, we wish to estimate
the coefficient 8 in the logit-linear (linear-logistic) model

Mx,z)=a + Bx + 8z,

where x is alcohol intake, z is the vector of covariates, and X is the log odds of being a case
in the study versus being a control. We do not have access to the original data, nor did the
published article present enough data to allow us to fit the model to the data. Nevertheless,
we can construct an estimate of 8 by using weighted least squares to regress the adjusted log
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TABLE 1. Case-control data on alcohol use and breast cancer, as presented by Rohan and McMichael (2)

Alcohol Assigned dose No. of No. of Crude
(g/day) {g/day) cases controls Total OR* Adjusted ORt
0 0 165 172 337 1.0 1.0%
<25 2 74 93 167 0.83 0.80 (0.51-1.27)§
2.5-9.3 6 S0 96 186 0.98 1.16 (0.73-1.85)
>9.3 11 122 90 212 1.41 1.57 (0.99-2.51)
Total 451 451 902
* OR, odds ratio.

1 Odds ratio from age-matched conditional logistic regression including variables for history of benign breast
disease, bilateral oophorectomy, smoking, education, family history of breast cancer, ages at first and last menstrual
period, age at first live birth, ever use of oral contraceptives, ever use of replacement estrogens, and practice of
breast seff-examination.

1 Referent.

§ Numbers in parentheses, 95% confidence interval.

odds ratios from table 1 on the exposure doses listed in column 1 of the table (1). Doing so
yields an estimated 8 of b = 0.0334, with an estimated variance for b of v = 0.0003494.
Given the logistic model, the estimator b of 8 obtained using the preceding method is
consistent for 8. Nevertheless, b is inefficient; worse, the variance estimate v obtained from
this regression underestimates the true variance of 4 (see Appendix 1). In effect, the variance
estimator for 4 assumes that the log odds ratios are uncorrelated, an assumption that is never
satisfied in practice and is often grossly violated. We have therefore developed a new
approach that yields an efficient point estimator and a consistent variance estimator under
assumptions more likely to be approximated in practice. Our approach is based on con-
structing an approximate covariance estimate for the adjusted log odds ratios from a fitted
table that conforms to the adjusted log odds ratios.
For case-control and cumulative cohort data, our estimates are computed as follows:
1) Let the reference exposure level be coded zero;
N, = the total number of subjects at exposure level x;
N = the vector of N,;
M, = the total number of cases;
L, = the adjusted log odds ratio estimate for exposure level x (x # 0) versus the reference
level (x = 0);
L = the vector of L, (x # 0);
Vi the estimated variance for L, (see Greenland (1) for methods of computing v,
from published reports);
v = the vector of v, (x # 0).

2) Fit cell counts to the interior of the total data table (which has margins N, and M,) such
that A,Bo/(AoB,) = exp(Ly), where 4, and B, = N, — A, are the fitted numbers of cases
and noncases at exposure level x. (See Appendix 2 for a simple fitting algorithm.)

3) For x # z, estimate the asymptotic correlation of L, and L, by

Ty = (I/AO + l/Bo)/Ssz,

where 5,2 = crude variance estimate = 1/A4, + 1/B, + 1/A4, + 1/Bo.
4) Estimate the asymptotic covariance of L,, L. by

C\: = r.\":( ViV: )'/:.
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