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Résumé

Le objectif de cette étude était déterminer les facteurs qui, à divers stades de la vie, sont associés à
la survie jusqu’à 90 ans. Les données d’hommes inscrits à une étude de cohorte depuis 1948 ont
été considérées, par intervalles de 12 ans. Desmodèles de régressions logistiques ont été élaborés,
avec comme variable d’intérêt la survie à 90 ans. Les facteurs retenus étaient les suivants :
maladie infantile, pression artérielle (PA), indice de masse corporelle (IMC), maladies chron-
iques et résultats de l’ECG. Le questionnaire Short Form-36 a été ajouté après 1996. Dans le
groupe étudié, 3 976 hommes avaient la possibilité de survivre jusqu’à l’âge de 90 ans, et 721 ont
atteint cet âge. En 1948, les facteurs prédictifs de la survie étaient les suivants : pression
diastolique plus basse, IMC plus bas et absence de tabagisme. En 1960, les facteurs prédictifs
qui ont été mis en évidence sont : PA plus basse, IMC plus bas, absence de tabagisme et absence
de changements majeurs à l’ECG. En 1972, ces facteurs prédictifs ont été observés : PA plus
basse, absence de tabagisme et un nombre réduit de problèmes de santé. En 1984, ces facteurs
incluaient une PA systolique plus basse, l’absence de tabagisme, des changements dans l’ECG et
un nombre réduit de problèmes de santé. En 1996, les facteurs prédictifs consistaient en un
nombre réduit de problèmes de santé et un meilleur fonctionnement physique et mental. En
2008, seule une fonction physique supérieure permettait de prédire la survie jusqu’à l’âge de
90 ans. Au début de l’âge adulte, les facteurs de risque sont des prédicteurs importants de la
survie à 90 ans. En milieu de vie, les maladies chroniques apparaissent comme facteurs
prédictifs. Plus tard dans la vie, le statut fonctionnel devient prédominant.

Abstract

The purpose of this study was to identify factors at various time points in life that are
associated with surviving to age 90. Data from men enrolled in a cohort study since 1948
were considered in 12-year intervals. Logistic regression models were constructed with the
outcome of surviving to age 90. Factors were: childhood illness, blood pressure (BP), body
mass index (BMI), chronic diseases, and electrocardiogram (ECG) findings. After 1996, the
Short Form-36 was added. A total of 3,976 men were born in 1928 or earlier, and hence by the
end of our study window in 2018, each had the opportunity of surviving to age 90. Of these,
721 did live to beyond his 90th birthday.The factors in 1948 which predicted surviving were:
lower diastolic BP, lower BMI, and not smoking. In 1960, these factors were: lower BP, lower
BMI, not smoking, and no major ECG changes. In 1972, these factors were lower BP, not
smoking, and fewer disease states. In 1984, these factors were lower systolic BP, not smoking,
ECG changes, and fewer disease states. In 1996, the factors were fewer disease states and higher
physical and mental health functioning. In 2008, only higher physical functioning predicted
survival to the age of 90. In young adulthood, risk factors are important predictors of surviving
to age 90; in mid-life, chronic illnesses emerge, and in later life, functional status becomes
predominant.

Background

Understanding the determinants of longevity is central to planning health care and social services
(Beard et al., 2016; Beard & Bloom, 2015; Ben-Shlomo, Cooper, & Kuh, 2016). There are studies
that follow individuals starting in late life. Generally, these studies show that people with fewer
co-morbidities (Ailshire, Beltran-Sanchez, & Crimmins, 2011, 2015; Yates, Djoussé, Kurth,
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Buring, & Gaziano, 2008), higher physical performance (Cooper,
Strand, Hardy, Patel, & Kuh, 2014), and less disability (Ailshire
et al., 2011, 2015; Klumb &Maier, 2007) are more likely to survive
to be very old. Arbeev et al. (2011) also show that those with a
higher allostatic load have less ideal health trajectories than those
with lower allostatic loads as they age. However, there are very few
studies that assess predictors of longevity at different stages of life
(Perls, 2017). Understanding the relative importance of factors at
different stages in the life course would be valuable. Some factors
may differentially affect longevity by becoming more important –
or less important – at different ages in life (Lynch & Smith, 2005).
The World Health Organisation (WHO) suggests different
approaches to health at different periods in the life course (Beard
et al., 2016). Early in life, interventions to reduce risk factorsmay be
important. In mid-life, managing chronic illness may take on
increasing importance. At older age, maintaining functional auton-
omy may become paramount. Although these considerations have
been theorized, there has been limited study across a full adult life
course. A rare opportunity to address this gap is possible with the
Manitoba Follow-up Study (MFUS), a cohort study which began in
1948. The objective of this analysis was to identify factors at
different periods during the life course of men which predict
survival to the age of 90. We sought to identify general factors
which predict a long life and determine if these general factors
change across the life course. We did not intend to isolate the effect
of any particular factor.

Methods

Details of the protocol of MFUS have been described elsewhere
(Tate, Cuddy, & Mathewson, 2015). MFUS is a prospective cohort
study of men who qualified for aircrew service in the Royal Cana-
dian Air Force (RCAF) during the Second World War. The cohort
of 3,983 men was sealed on July 1, 1948, with an initial goal of
determining the prognostic significance of nonspecific abnormal-
ities on the routine electrocardiograms (ECGs) of young men. The
cohort members have lived primarily in Canada, but some mem-
bers have lived outside of Canada. Within Canada, the geographic
distribution of MFUS members has been similar to that of the
national male population (Statistics Canada, 1992). MFUS receives
annual approval from the Bannatyne Campus Research Ethics
Board, and adheres to the Declaration of Helsinki (which MFUS
antedates).

Participants

Our study window for this analysis goes from July 1, 1948 to
December 31, 2018. At entry, themean age of subjects was 31 years.
Only seven men were born after 1928. Therefore, 3,976 men had
the potential to reach 90 years of age by the end of our study period.
Among these, 3,233 men died before their 90th birthday, 22 men
had his last contact with the study at an age younger than 90 years,
and 721men were confirmed to have lived past their 90th birthday.
Ourmain comparisons were between the 721men (18%) who lived
to their 90th birthday and the 3,255 (82%) who did not. The vital
status at age 90; that is. dead or alive, of the 22menwho had not had
recent contact with MFUS is unknown. These 22 men would be
considered “lost-to-follow-up” in some cohort studies, but our
protocol has been to continue to attempt to maintain contact with
all study members.

Measures

Data from an initial history and physical examination were gath-
ered. Subsequent health data throughout the life course of these
men come primarily from regularmedical examinations conducted
by each participant’s primary care provider. Data from the provider
include height, weight, blood pressure (BP), and a resting ECG. In
addition, health care contacts such as hospitalizations during the
previous year were also received, and were reviewed by study
physicians who code diagnoses of acute and chronic illnesses,
and their date of onset. Data collection is ongoing, but we consider
the end date to be December 31, 2018 for these analyses. For the
present analysis, we considered BP and body mass index (BMI) as
continuous measures. We considered any major ECG abnormality
as a dichotomous variable. Throughout the study, this has been
defined as one ormore of the following abnormalities detected on a
routine ECG: supraventricular tachycardia, atrial fibrillation or
flutter, ventricular tachycardia or fibrillation, paced rhythm,
≥10% atrial or ventricular ectopic beats, coupled ventricular beats,
second degree atrioventricular block (type I or II), third degree
atrioventricular block, ventricular pre-excitation, complete right or
left bundle branch block, a QRS complex ≥ 0�12 msec, bifascicular
block, sinus arrest, change in size and/or duration of Q wave,
voltage criteria for left ventricular hypertrophy, ST segment abnor-
malities, and inverted or elevated T waves.

We identified date and subject’s age for chronic health condi-
tions from the medical records. We considered individual diagno-
ses of: diabetes, ischemic heart disease (IHD), chronic obstructive
pulmonary disease (COPD), stroke, cancer (all types, except skin
cancer), congestive heart failure (CHF), renal disease (including
need for dialysis) and peripheral arterial disease (PAD); alcohol
misuse; and notation of prescription of antihypertensive medica-
tion. We considered a chronic illness as a binary variable present
from the time of diagnosis to the time of death. We therefore had a
continuous record of the health status of the men throughout the
majority of their adult life. At the time of analysis, there have been
180,669 person-years of observation, including 74,104 ECGs,
99,552 BP /weight recordings, and 90,240 clinical entries.

There were also supplementary surveys. A survey on childhood
illness was included in 1948, which considered scarlet fever, diph-
theria, and rheumatic fever. In 1972, a survey was sent to the men
regarding smoking, lifestyle, and occupation. In 1984, a second
lifestyle survey was sent inquiring about factors pertaining to
cardiac risks, family history, and physical activity. In 1996, we
added the Successful Aging Questionnaire (SAQ) to inquire about
mental, physical, and social functioning and quality of life (QoL).
The SAQwas administered again in 2000, 2002, and annually since
2004 (Swift & Tate, 2013; Tate, Lah, & Cuddy, 2003). The SAQ
contains the RAND Medical Outcomes Study (MOS) 36-item
Short-Form Health Survey (SF-36) (McHorney, Ware, Lu, & Sher-
bourne, 1994; McHorney, Ware, & Raczek, 1993; Ware & Sher-
bourne, 1992). The SF-36 assesses two domains: physical
component score (PCS), which considers physical functioning,
and the mental component score (MCS), which considers mental
health functioning. For regression models, because continuous
measures of BP, BMI, MCS, and PCS are on different scales, we
present their effects per standard deviation unit to provide an
equitable comparison.

Survival past age 90 years was ascertained from several sources.
We were notified of death by family members or a physician. We
subsequently requested and received a death certificate, proxy
report, and medical records. Any contact, including a phone call,
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a letter, a medical update, or a questionnaire returned from a
participant after his 90th birthday, confirmed his living beyond
the age of 90 years.

Analysis

We constructed logistic regression models at sequential 12-year
time points – 1948, 1960, 1972, 1984, 1996, and 2008 – to corre-
spond with the special additional surveys. BP and BMI were
available at all time points. A binary indicator for childhood illness
and classification of smoking status as “ever” versus “never”
smoked were available at all time points. Chronic diseases were
considered to be present if they were diagnosed before the time
point of analysis. A question on the special 1984 survey was used to
identify self-assessment of sedentary lifestyle, considered as a
binary variable. We constructed a full logistic regression model
with all variables forced into the model. We then constructed a
model by backward stepwise elimination, as well as a forward
stepwise model for each time point. These resultant stepwise
models were equivalent at all six times with the two modelling
approaches. Age was included in all models. The c-statistic for
discrimination and the Hosmer–Lemeshow χ2 test for calibration
were presented for each logistic regression model. Comparison of
how well the full and reduced (stepwise) models fit our data was
assessed with the Akaike Information Criteria (AIC). The compar-
ison of the AIC is only appropriate for models based on the same
sample of men, not for comparison of models based on men at
different points in time.

Results

The status of the participants over the course of the study is shown
in Table 1. In 1948, the mean age was 31 years, and by 1984, the
mean age of the cohort was 66 years, with four men over 90 years of
age. By 1996, about half of the cohort had died, and the mean age of
the survivors was 77 years. By 2008, about one quarter of the cohort
were still alive, at a mean age of 86 years. Table 2 presents the
descriptive data available for the cohort over the years considered
for these analyses. There was a high proportion of cohort members
who smoked at some time in their life. The prevalence of chronic
conditions and incidence of new acute illnesses was low during the
early years of the study, consistent with the young age at entry of the
cohort. After the age of 55 years (corresponding to the years
1972–1984) the prevalence of cardiovascular diseases increased.
Specifically, there was an increase in the prevalence of major
electrocardiographic abnormalities, a doubling of the prevalence
of IHD, as well as an increase in the proportion of men treated for
hypertension. On the 1984 survey, 27 per cent of the cohort

reported a sedentary lifestyle. Nonetheless, when the SF-36 was
added in 1996, the surviving study members had a fairly high level
of health-related QoL, with the mental functioning scores greater
than physical scores.

The factors which predicted surviving to the age of 90 across the
life course are shown in Tables 3 and 4. Table 3 presents the results
of six age-adjusted logistic regression models for each of the time
points, with all variables forced into themodel. Some factors cannot
be included because the prevalence was extremely low, or the factor
was not measured at that time point. Note also that several of the
factors, such as systolic BP (SBP) and diastolic BP (DBP), are highly
co-linear at all time points. The outcome for each model was living
beyond the age of 90 years. The odds ratios with 95 per cent
confidence intervals in Table 3 show the relative importance of
groups of variables in each model. As the cohort ages, there is a
general shift in the importance of predictors of surviving to 90.
Early in life, medical risk factors (BP and BMI) were important, but
declined in effect size and/or became non-significant at later time
points. In mid-life, chronic illnesses became more prevalent, and
emerged as important predictors. In later life, risk factors and
diseases declined in importance, whereas physical and mental
health became most important. Also presented are statistics for
model fit and discrimination. The statistics for model fit should be
interpreted with caution, and not compared across time points,
because the sample size differs at each time point, although they can
be compared with models from Table 4 at the same time point. The
c-statistic for discrimination is similar across all time points, and
indicates a fairly good fit at each time point, even early in the life
course of the cohort.

Table 4 shows the results of the stepwise logistic regression
models for each time point. The statistically significant (p < 0.05)
odds ratios and confidence intervals estimated in the reduced
models are shown. At early time points, BMI and BP were signif-
icantly associated with living to the age of 90 years. The prevalence
of chronic diseases at younger ages was low and not valuable in
models before 1972. Smoking was an important determinant of
living to the age of 90 throughout the first five time points, but its
relative odds decreased with advancing age. Chronic disease pres-
ence became increasingly prevalent and important in models as the
cohort aged. Some chronic illnesses, such as renal disease and CHF,
were not identified as important predictors, but these were condi-
tions with a very low prevalence and a very short survival time.
Therefore, the effect may not be apparent in logistic regression
models. In 2008, there were 631 men alive who were under study
and still under 90 years of age. The majority of these – 69 per cent –
lived beyond age 90 years. However, only 435 men returned a
completed survey to score the SF-36. Among these men, 111 lived
to the age of 90 years. In these, only the PCS was significantly
related to odds of living to the age of 90 years. Previous smoking,

Table 1. Status of participants at various time points over the course of the Manitoba Follow-up Study

Year of
Examination

Believed Alive on July
1 of year

Not Under
Study (Lost)

Under Study but Over
Age 90 y

Under Study and
Under Age 90 y

Mean Age � Standard
Deviation

Lived Past Age
90 y

1948 3,976 0 0 3,976 31.3 � 6.1 721 (18%)

1960 3,825 0 0 3,825 43.0 � 6.0 721 (19%)

1972 3,517 0 0 3,517 54.6 � 5.5 721 (20%)

1984 2,962 7 4 2,951 66.0 � 4.8 717 (24%)

1996 1,991 6 9 1,974 76.9 � 3.7 688 (35%)

2008 770 8 101 631 86.4 � 2.0 435 (69%)
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measures of BP and BMI, and indicators of all acute and chronic
disease were all non-significant.

Discussion and Conclusions

We have followed a cohort of men over a period of 70 years, from
early adulthood to late life, and noted that the predictors of sur-
viving to their 90th birthday shift over the life course. In early life,
risk factors appeared important, giving way to chronic illness as the
primary risk factor, with a final shift to QoL in later life. Our
intention was to determine the general predictors of a long life
course usingmedical and lifestyle information fromdifferent stages
of a man’s life. Our intention was not to ascertain if specific factors
predict long-term survival. Some diseases were not identified as
predictors of surviving to the age of 90. However, this may have
been because of the low prevalence in the cohort, as well as to a close
association with other diseases which share similar risk factors.
Also, conditions with a very high case fatality rate may not be
apparent in these analyses. Individuals who acquire one of these
chronic conditions – such as renal failure or CHF – may have
acquired it and died within the 12-year time frames we chose, thus
not being considered as a prevalent case. Caution is therefore
needed in interpreting the effect of any specific disease or risk
factor from these analyses.

Our results are similar to those from some previous studies.
Blackwell, Hayward, & Crimmins (2001) considered the effects of
childhood health on late-life health. But they considered surrogates
of childhood health measured in mid-life, rather than direct

measures of mid-life health. Analyses of the Physicians Health
Study showed that not smoking, fewer chronic conditions, better
health-related QoL, and being physically active determined who
was more likely to survive to the age of 90 (Yates et al., 2008).
Ailshire et al (2011, 2015) analyzed data from the Health and
Retirement Study. They noted that those with higher physical,
cognitive, and mental functioning at age 85 were more likely to
survive to extreme old age. Klumb and Maier (2007) have found
that functional status predicts mortality in late life, and Netuveli,
Wiggins, Montgomery, Hildon, & Blane (2008) analyses of the
British Household Panel Survey report that generic quality of life
measures predict mortality, results that were similar to ours. Our
findings add new knowledge by considering how these factors
operate at young, middle, and older ages within the same cohort.

There are both strengths and limitations to our approach. First,
this a study of former air force recruits, most of whom have lived
their lives in Canada. Their war and post-war experience may not
be generalizable to other cohorts in other places and at other times.
Importantly, we cannot generalize these findings to women. These
men were also healthy enough to qualify for air crew training
(Mathewson, 1942; Mathewson, Wilson, Cameron, & Crocker,
1943). This selection effect of no limiting childhood illness may
partly explain why childhood illnesses were not determinants of
longevity. Related to this, the cohort had a fairly homogeneous
birth date, with more than 90 per cent of men being between the
ages 20 and 39 years at entry. Their experience may differ from
cohorts born later, making it difficult to study age, period, and
cohort effects. Second, some measurements in MFUS evolved over
time. For example, the SF-36 did not exist before the early 1990s. It

Table 2. Descriptive statistics of men at various time points over the course of the Manitoba Follow-up Study

Year of Examination 1948 1960 1972 1984 1996 2008

Age in years (mean, SD) 31.3 � 6.1 43.0 � 6.0 54.6 � 5.5 66.0 � 4.8 76.9 � 3.7 86.4 � 2.0

SBP (mm Hg) (mean, SD) 121.1 � 10.1 124.4 � 12.9 132.5 � 17.9 136.8 � 17.5 138.6 � 18.7 134.2 � 18.0

DBP (mm Hg) (mean, SD) 75.9 � 7.5 78.6 � 9.0 82.2 � 10.4 81.8 � 9.3 79.3 � 9.4 74.4 � 10.3

BMI (kg/M2) (mean, SD) 23.3 � 2.5 25.1 � 2.6 25.6 � 2.8 25.6 � 3.1 25.7 � 3.2 25.4 � 3.4

Childhood Illness (proportion) 0.15 0.15 0.15 0.15 0.15 0.15

Ever smoked (proportion) 0.73 0.76 0.80 0.81 0.79 0.76

Abnormal ECG (proportion) 0.01 0.04 0.12 0.28 0.46 0.62

Alcohol misuse (proportion) <0.01 0.01 0.03 0.06 0.06 0.06

Ischemic heart disease (proportion) 0.00 0.02 0.07 0.15 0.22 0.26

Diabetes (proportion) <0.01 <0.01 0.03 0.07 0.11 0.13

Stroke (proportion) 0.00 <0.01 0.01 0.05 0.11 0.21

Chronic obstructive pulmonary disease (proportion) 0.00 <0.01 0.01 0.03 0.04 0.09

Cancer (proportion) <0.01 <0.01 0.02 0.05 0.17 0.28

Hypertension treatment (proportion) 0.00 <0.01 0.06 0.24 0.30 0.42

Congestive heart failure (proportion) 0.00 <0.01 0.01 0.02 0.04 0.09

Peripheral arterial disease (proportion) 0.00 <0.01 0.01 0.05 0.08 0.11

Renal disease (proportion) 0.00 <0.01 <0.01 <0.01 0.01 0.06

Sedentary lifestyle (proportion) n/a n/a n/a 0.27 0.29 0.33

Mental-SF36 (mean, SD) n/a n/a n/a n/a 54.8 � 8.1 54.2 � 8.4

Physical-SF36 (mean, SD) n/a n/a n/a n/a 46.6 � 10.0 40.1 � 10.5

Note. n/a = data are not available at that time point; SD = standard deviation; SBP = systolic blood pressure; DBP = diastolic blood pressure; BMI = bodymass index; ECG = electrocardiogram.
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is possible that QoL predicts survival to age 90 at earlier ages, not
only in later life. However, the prevalence of impaired physical
functioning was low when we began collecting the SF-36, and
presumably even lower in younger men. We also did not have
direct measures of physical performance (e.g., gait speed, grip
strength) (Cooper, Kuh, & Hardy, 2010) or cognition (Todd, Barr,
Roberts, & Passmore, 2013), which predict mortality. Third, some
of the measures in the MFUS, such as physical activity, are fairly
crude, which may explain the lack of an association with mid-life
activity. Also, some of the measures were measured only at one
point in time. For example, we can only compare the effect of “ever
smoking” at any point, and cannot comment on the effect of
smoking cessation on long-term survival. The effect of this bias is

likely to result in a weaker observed association between smoking
and longevity than actually exists. However, for most measures, we
have continuous data throughout the 70-year time frame. Fourth,
we did not consider the trajectories of the factors at play. The
trajectory of these factors may predict death, independent of the
baseline value (Arbeev et al., 2011.) In the future, we hope to
examine the trajectory for each factor individually, as we have done
with health-related QoL (St. John, Jiang, & Tate, 2018). Related to
this is that some of the factors we considered may be in the causal
pathway of other factors for which we adjusted. For example, the
effect of greater physical activity may have acted through lowering
cardiac risk factors. By considering both in the logistic regression
models, we may be underestimating their effect on long-term

Table 3. Relative odds (95% confidence interval) from full multiple logistic regression models of surviving to age 90 based on characteristics of men at various time
points over the course of the Manitoba Follow-up Study

Year of Examination
(Number of Men with
Complete Data) 1948 (n=3976) 1960 (n=3825) 1972 (n=3517) 1984 (n=2951) 1996 (n=1634) 2008 (n=435)

Odds of surviving to
age 90

721 / 3,255 = 0.22 721 / 3,104 = 0.23 721 / 2,796 = 0.26 717 / 2,234 = 0.32 614 / 1,020 = 0.60 111 / 321 = 0.34

SBP (1 SD lower) 1.04 (0.94,1.14) 1.14 (1.01,1.30) 1.30 (1.14,1.50) 1.21 (1.08,1.37) 1.11 (0.98,1.27) 1.23 (0.94,1.62)

DBP (1 SD lower) 1.06 (0.96,1.18) 1.18 (1.05,1.34) 1.12 (0.98,1.28) 0.95 (0.84,1.07) 0.86 (0.76,0.98) 0.80 (0.61,1.04)

BMI (1 SD lower) 1.10 (1 00,1.20) 1.09 (1.00,1.19) 1.05 (0.96,1.15) 1.00 (0.91,1.09) 0.98 (0.88,1.09) 0.86 (0.67,1.09)

No childhood illness 1.00 (0.79,1.26) 0.97 (0.79,1.26) 0.94 (0.74,1.20) 1.00 (0.79,1.26) 0.89 (0.66,1.19) 1.02 (0.50,2.06)

Never smoked 2.08 (1.69,2.56) 2.05 (1.66,2.52) 1.94 (1.58,2.40) 1.69 (1.35,2.11) 1.33 (1.01,1.74) 1.03 (0.58,1.83)

No major ECG
abnormality

1.56 (0.69,3.52) 2.05 (1.08,3.90) 1.35 (0.92,1.99) 1.41 (1.10,1.80) 1.36 (1.08,1.72) 1.14 (0.69,1.88)

No alcohol misuse n/c 3.46 (0.46,26.1) 3.22 (1.29,8.06) 2.33 (1.38,3.91) 2.40 (1.33,4.34) 0.82 (0.23,2.90)

No ischemic heart
disease

n/c 1.54 (0.50,4.74) 2.16 (1.21,3.85) 1.84 (1.30,2.61) 0.96 (0.72,1.28) 0.62 (0.34,1.14)

No diabetes n/c n/c 5.84 (1.82,18.7) 2.09 (1.34,3.24) 1.40 (0.96,2.05 1.26 (0.64,2.51)

No stroke n/c n/c 6.72 (0.90,49.9) 2.08 (1.16,3.71) 1.21 (0.83,1.77) 0.53 (0.27,1.04)

No COPD n/c n/c 4.28 (0.55,33.1) 2.86 (1.35,6.07) 2.11 (1.00,4.43) 1.18 (0.52,2.70)

No cancer n/c n/c 1.82 (0.81,4.11) 1.57 (1.02,2.42) 1.51 (1.12,2.02) 1.44 (0.88,2.38)

Not on anti-
hypertensive Tx

n/c n/c 1.47 (0.88,2.46) 1.58 (1.24,2.03) 1.64 (1.27,2.11) 0.91 (0.55,1.50)

No CHF n/c n/c 1.58 (0.20,12.7) 0.99 (0.40,2.46) 1.48 (0.71,3.08) 2.53 (1.09,5.87)

No PAD n/c n/c 1.19 (0.40,3.52) 1.42 (0.84,2.41) 0.98 (0.64,1.48) 1.02 (0.50,2.10)

No renal disease n/c n/c n/c 1.15 (0.29,4.53) 0.81 (0.29,2.31) 0.95 (0.35,2.57)

Non-sedentary
lifestyle

n/a n/a n/a 0.96 (0.78,1.17) 1.18 (0.93,1.49) 0.70 (0.43,1.15)

Mental-SF36 (1 SD
higher)

n/a n/a n/a n/a 1.21 (1.08,1.36) 1.10 (0.88,1.39)

Physical-SF36 (1 SD
higher)

n/a n/a n/a n/a 1.40 (1.24,1.59) 1.56 (1.22,1.99)

c-statistic measure of
discrimination

0.640 0.658 0.664 0.666 0.684 0.686

Hosmer-Lemeshow χ2

(8 df) p value for
calibration

5.34 (p=0.72) 10.08 (p=0.26) 12.44 (p=0.13) 11.86 (p=0.16) 10.90 (p=0.21) 4.60 (p=0.80)

AIC 3,580 3,525 3,389 3,100 2,035 499

Note. Age at each time point was in included in each model to control for potential confounding with other variables.
n/a = data for this factor were not collected at that time point; n/c = not considered in themodel as its prevalence was < 1%; SBP = systolic blood pressure; DBP = diastolic blood pressure;
BMI = bodymass index; ECG = electrocardiogram; COPD = chronic obstructive pulmonary disease; Tx = treatment; CHF = congestive heart failure; PAD = peripheral arterial disease; AIC =
Akaike Information Criteria.
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survival. Finally, there are multiple possible ways to analyze these
data, including survival analysis. Logistic regression is less influ-
enced by changing associations over time with time-dependent
covariates. Because we are postulating that the effect varies over
time, logistic regression with the dichotomous outcome of a long
life was the method we chose to present. Also, we are not interested
in predictors of time to death, but rather with survival to the age of
90. Finally, we are not concerned with censoring, as there are very
few individuals with censored time to event. There are also
strengths to our approach. We modelled all men who had the
potential to reach age 90 years during our window of study, with
very few incomplete ascertainments of follow-up status. Hence,
censoring to age 90 years was almost negligible. Also, the measures
have been validated, and the diagnostic coding has been consistent
across all time points.

Our findings broadly support the approach suggested in the
recent World Health Organization Report on Aging (Beard et al.,
2016), which advocates a life course approach to late-life health.
This life course approach suggests that with aging, we acquire risk
factors, then chronic illness, then disability, and finally death.

Consequently, prevention and health promotion may need to
mirror these shifts. In younger adults, risk factor prevention may
be most relevant. By mid-life, the focus may gradually shift to the
management of chronic diseases. In late life, maintaining func-
tional status and supporting those with limited social supports may
gradually take priority. Further studies of this approach in other
cohorts in other places will be central to studying aging popula-
tions, and in setting health care priorities at different points in a life
course. Further study is also needed into the effect of each factor
over the life course. Our analyses were not intended to study the
isolated effect of each factor and how its effect changes over time.
Nor are we able to ascertain the effect of the factor’s trajectory over
time. These are important questions for future study in this and
other cohort studies.

Acknowledgments. We acknowledge the ongoing engagement and partici-
pation of the members over the years, as well as previous staff and volunteers of
the study. We also acknowledge previous investigators posthumously: Drs.
Francis A. L. Mathewson and T. Edward Cuddy.

Data sharing. Data are available on reasonable request.

Table 4. Relative odds of surviving to age 90 (95% confidence interval) from reduced multiple logistic regression models based on characteristics of men at various
time points over the course of the Manitoba Follow-up Study

Year of Examination
(Number with
Complete Data) 1948 (n=3,976) 1960 (n=3,825) 1972 (n=3,517) 1984 (n=2,951) 1996 (n=1,634) 2008 (n=435)

Odds of surviving to
age 90

721 / 3,255 = 0.22 721 / 3,104 = 0.23 721 / 2,796 = 0.26 717 / 2,234 = 0.32 614 / 1,020 = 0.60 111 / 321 = 0.34

SBP (1 SD lower) - 1.14 (1.01,1.29) 1.33 (1.16,1.52) 1.18 (1.07,1.30) - -

DBP (1 SD lower) 1.08 (1.00,1.18) 1.18 (1.05,1.34) 1.15 (1.01,1.30) - - -

BMI (1 SD lower) 1.10 (1.00,1.20) 1.09 (1.00,1.19) - - - -

Never Smoked 2.07 (1.68,2.55) 2.07 (1.68,2.55) 1.95 (1.58,2.41) 1.70 (1.36,2.12) 1.32 (1.01,1.73) -

No major ECG
abnormality

- 2.25 (1.23,4.14) - 1.44 (1.12,1.83) 1.37 (1.10,1.70) -

No alcohol misuse n/c - 3.50 (1.40,8.72) 2.39 (1 42,4 01) 2.50 (1.39,4.51) -

No ischemic heart
disease

n/c - 2.85 (1.71,4.75) 1.84 (1.30,2.61) - -

No diabetes n/c n/c 6.10 (1.91,19.5) 2.15 (1.39,3.33) 1.49 (1.02,2.16) -

No stroke n/c n/c - 2.18 (1.22,3.87) - -

No COPD n/c n/c - 2.90 (1.38,6.13) 2.26 (1.09,4.69) -

No cancer n/c n/c - 1.55 (1.01,2.39) 1.49 (1.12,1.99) -

Not on anti-
hypertensive Tx

n/c n/c - 1.56 (1.23,1.98) 1.65 (1.29,2.11) -

Mental-SF36
(1 SD higher)

n/a n/a n/a n/a 1.21 (1.08,1.36) -

Physical-SF36
(1 SD higher)

n/a n/a n/a n/a 1.41 (1.25,1.59) 1.56 (1.25,1.95)

c-statistic measure of
discrimination

0.639 0.657 0.660 0.662 0.678 0.627

Hosmer-Lemeshow χ2

(8 df) p value for
calibration

2.77 (p=0.95) 10.03 (p=0.26) 8.61 (p=0.38) 14.50 (p=0.07) 10.83 (p=0.21) 11.65 (p=0.17)

AIC 3,575 3,520 3,390 3,096 2,025 482

Note. Considered in stepwise model but not significant at p < 0.05 Age at each time point was in included in each model to control for potential confounding with other variables. n/a = not
available; the data for this factor were not available at that point in time; n/c = not considered in stepwise logistic regression model, as there were too few participants with the disease; SBP =
systolic blood pressure; DBP = diastolic blood pressure; BMI = body mass index; ECG = electrocardiogram; COPD = chronic obstructive pulmonary disease; Tx = treatment; AIC = Akaike
Information Criteria.
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