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Objectives. Increasing numbers of people reach old age.
We wanted to identify variables of importance for
reaching 90 years old and determine how the predic-
tiveabilityof thesevariablesmightchangeover time.

Setting and subjects. All men in the city of Gothenburg
born in 1913 on dates divisible by 3, which is on the
3rd, 6th, 9th etc., were included in the study. Thus,
973 men were invited, and 855 were examined in
1963 at age 50. Further examinations were made at
age 54, 60and67. Anthropometric data, lifestyle and
parental factors, blood pressure, lung function,
X-ray of heart and lungs andmaximumwork perfor-
mance were recorded. The area under the receiver
operating characteristic curve was used to analyse
thepredictive capacityofavariable.

Results. A total of 111 men (13%) reached 90 years of
age, men who reached 90 years were more likely at
age 50 to be nonsmokers, consume less coffee, have
higher socio-economic status and have low serum
cholesterol levels than those who did not reach this
age; however, at age 50or62, parents’ survivalwas of
no prognostic importance. Variables of greatest
importance at higher ages were low blood pressure
andmeasures related togoodcardiorespiratory func-
tion. In multivariable analysis, including all examin-
ations, being a nonsmoker, consuming small
amounts of coffee, having high housing costs at age
50, goodmaximum working capacity and low serum
cholesterol were related to a better chance of survival
toage90.

Conclusions. Low levels of cardiovascular risk factors,
high socio-economic status and good functional
capacity, irrespective of parents’ survival, character-
izemendestinedtoreach theageof90.

Keywords: coffee consumption, physical working
capacity, risk factors, socio-economic status,
survival ofparents.

Introduction

Many articles have been published by us and others
on risk factors for cardiovascular disease, certain
cancers, osteoporotic fractures andoverallmortality.
The mean age at death is increasing, and there are
indications that increasing numbers of people are
reaching very old age. According to Swedish official
statistics, the probability of a Swedish man of
50 yearsofageof reachingtheageof90has increased
from 12.0% amongst men born in 1913 to 22.9%
amongst those born in 1943. It is unclear whether
genetic ⁄ family factors ormodifiable factors are of pri-

mary importance for long life. This issue has recently
beenaddressedbybothBritishandAmericanstudies
[1–5].

In 1963, we initiated a prospective study ofmen born
in the year 1913 (i.e.when theywere all 50 years old).
One in eight of these men reached the age of at least
90. Our primary aim was to identify variables of
importance forbecoming90 years old andcharacter-
ize their accuracy as predictors measured in middle
age.Asecondaryaimwas toelucidatehowthepredic-
tive ability of any given variable may change over
time,because the influenceofstrongpredictors in the
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short term may be attenuated over a longer period.
Thus, variables measured close to the age of 90 may
have stronger predictive capacity than those
observed earlier. We investigated the importance of
variables measured in middle age and did not com-
pare their predictive ability with variables measured
closer to age 90 years, because we considered that
this would be a biased comparison. We have also
studied theprobabilityof reaching80 years; approxi-
mately half of the population reached this age. The
difference in predictors for reaching 80 and 90 years
isbrieflydiscussed.

Methods

The study sample comprised all men in the city of
Gothenburg born in 1913 on dates divisible by 3.
Thus, 973 men were invited, and 855 (88%) were
examined at Sahlgrenska University Hospital in
1963. Another 4%were examined at home, but fewer
data are available for them,and they are not included
inthepresentanalysis.

Examinations were conducted at baseline and there-
after at 54, 60, 67, 75 and 80 years of age, as previ-
ously reported [6–8]. For the reasons discussed ear-
lier, we decided at the start of the analyses not to use
variables recorded at ages 75 and 80 years as they
were too close to the age of 90. Follow-up regarding
survival until age 90 was complete (100%) and also
included men who emigrated for various periods of
time.

The following main areas of potential interest were
investigated at any one of the examinations: smoking
habit, coffee consumption, alcohol-related problems,
socio-economic status (e.g. cost of housing), dysp-
noea on exertion, psychological stress, presence of
diabetes mellitus, early death or myocardial infarc-
tion in parents, blood pressure, body mass index
(BMI) and waist circumference, blood levels of lipids
and glucose, plasmafibrinogen, lung function,maxi-
mumworking capacity and heart volume (measured
byX-ray).

Dataonsmoking, coffeeconsumption,physicalactiv-
ity, presence of dyspnoea, mental stress and cost of
housing were collected through interviews with a
physician. Data on some variables were collected via
registers such as registration for alcohol-related
problems with a temperance board (after obtaining a
permit).Temperanceboardswereestablished inSwe-
den to register and follow-up individuals who were
seen in legal or medical settings with problems of

alcohol abuse. Other variables were recorded thro-
ugh personal interviews and recorded according to
official scales, such as the social group of the man
himself and his father and marital status. Parents’
survival was assessed via questionnaire when the
menwere50and62 yearsoldandvia comprehensive
research through the parish offices. Height and
weight,waistcircumference,bloodpressureandlung
function (not at all examinations) were measured
duringtheexamination.X-raysof theheartandlungs
were takenatsomeexaminations.

Smokinghabitswere categorizedas: (i) never smoker;
(ii) former smoker of more than 1 month’s duration
(ex-smoker); (iii) smoker of 1–14 g tobacco per day;
(iv) smoker of 15–24 g tobacco per day; (v) smoker
‡25 g tobacco per day. One cigarette was considered
to contain 1 g tobacco, and a cigarillo and cigar to
contain2 and5 g, respectively.

A questionnaire onphysical activity at work anddur-
ing leisure time was first introduced at the examina-
tion in1967,whenpersonal interviewswereheldwith
a physician (LWi) regarding activities from age 20 to
54, and these activities were later assessed by postal
questionnairesatage54.Activityatworkwasgraded:
(i) mainly sedentary; (ii) predominantly walking on
the level and no heavy lifting; (iii) mainly walking,
including climbing stairs, or walking uphill or lifting
heavyobjects; (iv)heavyphysical labour.Leisure time
activity was defined as: (i) mainly sedentary: (ii) mod-
erate activity; (iii) regular exercise; and (iv) athletic
training. Grades 3 and 4 were analysed together as a
very small percentage was engaged in athletic train-
ingatany time [7].

A simple questionnaire on mental stress was also
introduced for the 1967 examination. Stress was de-
fined as feeling tense, irritable orfilledwith anxiety or
havingsleepingdifficulties as a result of conditionsat
work or at home. There were six response options: (i)
never experienced stress; (ii) oneperiodof stress ever;
(iii) someperiodsduring the last 5 years; (iv) repeated
periods during the last 5 years; (v) permanent stress
during the last year; and (vi) permanent stressduring
the last 5 years. Items 5 and6have been shown to be
associated with myocardial infarction during follow-
up [9, 10].Diabeteswas recorded if themanhadbeen
diagnosedwith diabetes by a physician, or blood glu-
cose levels were ‡6.0 mmol L)1 at the screening
examination. Dyspnoea was graded according to the
classification of Rose & Blackburn [11]: (i) no dysp-
noea; (ii) dyspnoea on walking uphill; (iii) dyspnoea
onwalking at ordinary speed on level ground; (iv) has
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to stop on level ground; (v) dyspnoea on dressing and
undressing;and (vi)dyspnoeaat rest.

All examinations, except the one in 1967, were per-
formed in the morning after an overnight fast. Body
weight was measured on a lever balance to the
nearest 0.1 kg. Height was recorded barefoot to the
nearest 1 cm, and BMI was calculated. Waist cir-
cumference was measured at the umbilicus; this
measurementwasfirst introducedat the1967exam-
ination when themen were 54 years old. Blood pres-
sure wasmeasured by the study physician (except in
1983, whenmeasured by a study nurse). A standard
cuff and a mercury manometer were used. Diastolic
bloodpressure (Korotkoffphase5)wasrecorded.

Blood lipidmeasurementswere performedaccording
to available methods at the time and were analysed
at the same hospital laboratory. Details have been
reportedpreviously [8].

The lung function test included forced expiratory
volume in 1-s (FEV1.0) corrected for body height and

flow–volume curves expressed as expiratory flow at
25%ofvital capacity (MEF25%) [12].

A maximum exercise test on a bicycle ergometer was
performed at age 54, as previously reported [7]. In
short, a thorough clinical examination including
measurementofbloodpressureandECGwascarried
outbefore the test.Therewerepreset criteria for inter-
ruption, limitation and nonperformance of themaxi-
mum exercise test. Reasons for not performing the
test were symptoms or electrocardiographic signs of
myocardial infarction and signs of congestive heart
failure. The testwas limited to submaximumexercise
because of symptoms like dyspnoea or chest pain,
systolic blood pressure ‡230 mmHg, atrial fibrilla-
tion, flutter or grade II or III heart block. Maximum
exercisewasachievedby671men.

Tables 1–4 show the variables that were selected for
prospective analysis from the examinations at age
50, 54, 60 and 67, respectively. These tables also
show areas under the receiver operating characteris-
tic (ROC) curves, confidence limits, direction of any

Table 1 Variables recorded at age

50 years included in the univari-

able analysis of factors of poten-

tial importance for survival until

age 90 years. Area under the

ROC curves with confidence

intervals (95% CI), direction of

association and P-values are

given

Variable

Areaunder

theROCcurve 95%CI

Directionof

association P-value

Nonsmoker 0.604 0.548–0.660 + 0.0000***

Ex-smoker 0.517 0.459–0.575 + 0.3986

Smoke1–14 gtobaccoperday 0.537 0.480–0.594 ) 0.1386

Smoke15–24 g tobaccoperday 0.570 0.513–0.627 ) 0.0013**

Smoke‡25 g tobaccoperday 0.505 0.447–0.563 ) 0.7125

Coffee, cupsperday 0.594 0.536–0.652 ) 0.0017**

Alcohol-relatedproblems 0.524 0.466–0.582 ) 0.4114

Yearsatschool 0.592 0.536–0.648 + 0.0007***

Costofhousing 0.574 0.516–0.632 + 0.0076**

Marital status 0.504 0.446–0.562 ) 0.8109

Systolicbloodpressure 0.549 0.492–0.606 ) 0.0974

Diastolicbloodpressure 0.524 0.466–0.582 ) 0.4188

Total serumcholesterol 0.597 0.541–0.653 ) 0.0009***

Social group 0.582 0.525–0.639 ) 0.0032**

Fathers’ social group 0.581 0.523–0.639 ) 0.0019**

Fatherdiedbefore1963 0.515 0.457–0.573 ) 0.5027

Motherdiedbefore1963 0.552 0.495–0.609 ) 0.0374*

+, theprobabilityof becoming90 years is increased;), theprobabilityof becoming90 years
isdecreased inthisandall tables.
*P < 0.05; **P < 0.01; ***P < 0.001 in thisandall tables.ROC,receiveroperatingcharacter-
istic.
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association as well as P-values for the association
betweenvariablesandsurvivaluntilage90 years.

For the follow-up, the records in the computer file for
the men in the study were run against the National
Swedish Death Registry. Follow-up regarding sur-
vival until age 90 was complete including men who
emigrated forvariousperiodsof time.

Statistical methods

As a measure of the predictive (or discriminative)
capacity of a variable, we used the area under the
ROC curve. The area under the curve for a variable is
in this case equal to the probability of a randomly
selectedmanamongst thosesurvivingabove90years
having a higher (or lower) value for the current vari-
able ‘survival above age 90 years’ compared with a
randomly selectedmanwho has died before that age.
The probability is 0.5 for a continuous variable that
hasnopredictive capacity,whereas it is 1.0 for a vari-

able that has the complete ability to determine who
will reach age 90 years. The area under the ROC
curve does not determine all aspects of the predictive
capacity, but we consider that it is the best measure
inthepresentcase.

Mann–Whitney’s testwasused tocompare thosemen
who reached age 90 years with those who did not.
Multivariable logistic regressionanalysiswasapplied
in a stepwise manner (the forward method) to find
thebest combination of variables. Theprocedurewas
applied forall variables registeredat theageof50and
also for the analysis including all variables. The area
under the ROC curve can be considered as a way of
quantifying the difference between thosewho survive
above 90 years and those who do not with respect to
the predictor. The value 0.5 corresponds to no differ-
ence at all, and the value 1 corresponds to such a
large difference that there is no overlapping. Verbal
characterizations of intermediate values are given
[13]. Because of the variety of purposes and time

Table 2 Variables recorded at age

54 years included in univariable

analysis of factors of potential

importance for survival until age

90 years. Area under the ROC

curves, confidence intervals (CI),

direction of association and

P-valuesaregiven

Variable

Areaunder

theROCcurve 95%CI

Directionof

association P-value

Dyspnoea,grade2 0.539 0.480–0.598 ) 0.1117

Dyspnoea,grade3 0.515 0.456–0.574 ) 0.0761

Dyspnoea,grade4 0.502 0.443–0.561 ) 0.5060

Dyspnoea,grade5 0.502 0.443–0.561 ) 0.5060

Neverexperienced

psychological stress

0.542 0.483–0.601 + 0.1029

Psychological stress, sometimes 0.524 0.465–0.583 ) 0.1396

Stresssometimes in last5 years 0.514 0.455–0.573 ) 0.3710

Repeatedstress in last5 years 0.506 0.447–0.565 ) 0.7656

Continuousstress in lastyear 0.506 0.447–0.565 ) 0.6824

Continuousstress in last5 years 0.502 0.443–0.561 ) 0.8820

Bodymass index 0.504 0.445–0.563 ) 0.8820

Waist circumference 0.528 0.469–0.587 ) 0.3504

Systolicbloodpressure 0.576 0.518–0.634 ) 0.0113*

Diastolicbloodpressure 0.572 0.514–0.630 ) 0.0163*

Total serumcholesterol 0.549 0.484–0.614 ) 0.1434

Plasmafibrinogen 0.623 0.566–0.680 ) 0.0001***

FEV1.0 0.581 0.523–0.639 + 0.0077**

MEF25% 0.544 0.485–0.603 + 0.1443

Couldnotmanage

maximumworkload

0.557 0.498–0.616 ) 0.0034**

Maximumworkingcapacity 0.604 0.544–0.664 + 0.0010**

ROC, receiveroperatingcharacteristic; *P < 0.05; **P < 0.01; ***P < 0.001.
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frames of predictions, general comparisons of their
goodnessaredifficult tomake.

A risk ratio (a quotient between probabilities) or an
odds ratio provides little information about the pre-
dictive ability of a variable. If a zero–one variable
attains the value 1with a lowprobability, so the pres-
ence of that state is very rare, then the variable may
be a weak predictor even if the odds ratio is extreme.
The area under the ROC curve captures to a large
extentboththerisk ratioandthe frequencyaspect.

When we study the risk of an event over a period of
time, we apply Cox proportional hazards model or a
Poissonmodel [14]. Themodelsproduceabetacoeffi-
cient (b) for a variable. The gradient of risk per 1 stan-
dard deviation (exp(|b|Ær), where r is the standard
deviation of the current variable) may be a relevant

characterization of the predictive ability under some
assumptions [15]. The variable shouldhaveanormal
distribution and, when investigated by a nonpropor-
tional hazardsmodel, b should not change with time.
Both assumptions cause serious restrictions for the
application in our study. If b is constant over time,
then the area under the ROC curve will change with
time. Therefore, comparisons between predictions
in different time frames are difficult using the area
under theROCcurve, but comparisonsbetween vari-
ables independent of their distributions when the
time frame is the same, are not affected by this
problem.

To study the change in the predictive ability of a vari-
able x measured at baseline, we have to evaluate b
depending on the time t since the start of follow-up
[b(t)]. In the simplest case, b(t).x = (b1 + b2Æt)Æx =

Table 3 Variables recorded at age

60 years included in univariable

analysis of factors of potential

importance for survival until age

90 years. Area under the ROC

curves, confidence intervals (CI),

direction of association and

P-valuesaregiven

Variable

Areaunder

theROCcurve 95%CI

Directionof

association P-value

Stoppedsmoking 0.510 0.410–0.610 ) 0.8481

Physicalactivityatwork 0.526 0.463–0.589 + 0.4005

Physicalactivityduring leisure 0.563 0.501–0.625 + 0.0183*

Knowndiabetesmellitus 0.523 0.461–0.585 ) 0.0303*

Alcohol-relatedproblems,

previously

0.531 0.469–0.593 ) 0.0309*

Alcohol-relatedproblems,

currently

0.504 0.442–0566 ) 0.5977

Teetotal 0.519 0.457–0.581 + 0.2568

Cohabiting 0.512 0.449–0.575 + 0.5238

Divorced 0.517 0.458–0.576 ) 0.3075

Memory, self-perceivedatage50 0.516 0.453–0.579 + 0.1733

Memoryself-perceivedatage60 0.506 0.443–0.569 + 0.5611

Self-perceivedfitnessatage50 0.508 0.444–0.572 + 0.7939

Self-perceivedfitnessatage54 0.522 0.458–0.586 + 0.4882

Myocardial infarction in father 0.508 0.444–0.572 ) 0.7473

Myocardial infarction inmother 0.540 0.477–0.603 ) 0.1449

Bodymass index 0.517 0.455–0.579 ) 0.5837

Waist circumference 0.540 0.478–0.602 ) 0.2042

Systolicbloodpressure 0.575 0.514–0.636 ) 0.0172*

Diastolicbloodpressure 0.560 0.499–0.621 ) 0.0578

Total serumcholesterol 0.538 0.476–0.600 ) 0.2286

Bloodglucose 0.537 0.473–0.601 ) 0.2637

FEV1.0 0.623 0.539–0.707 + 0.0058**

MEF25% 0.601 0.516–0.686 + 0.0231*

ROC,receiveroperatingcharacteristic; *P < 0.05; **P < 0.01.
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b1Æx + b2ÆtÆx. That typeof interaction is in conflictwith
the proportional hazards requirement of the Cox
model [16]. InFig. 4,wepresent the results of suchan
analysis performed by a special Poisson regression,
in which the observation period of an individual is
divided intosmall intervals.

Results

Age 90 years was reached by 111 men (13%). The
probability of reaching the age of 90 for amanalive at
age 60 was 84 ⁄691 (0.12; 95% confidence interval:
0.09–0.15). Figure 1 shows the distribution of age at
death.

Variables recorded and their significance for sur-
vival until 90 years in univariable analyses are first
reported for the examinations at age 50, 54, 60 and
67 years (Tables 1–4, respectively) followed bymulti-
variable analysis of significant variables at these
investigations.

Variables recorded at age 50 years

In theunivariableanalysis (Table1), itwas foundthat
nonsmokers (P < 0.00001) and thosewhodrank few-
er cups of coffee (P = 0.0015) had a better chance of
survival to age 90 years (Fig. 2). There was a better
chance of reaching 90 years with a high level of edu-

cation (more years at school; P = 0.0318) and higher
cost forhousing (0.045), butsocial group (P =0.0706)
and father’s social group (P = 0.067) did not have a
statistically significant impact. Death of the mother,
but not father, before 1963 when the man was
50 years oldwas related to the chance of survival un-
til 90 years. Registration for alcohol-related prob-
lems with a temperance board and marital status
were not related to survival. Systolic and diastolic

Table 4 Variables recorded at age

67 years included in univariable

analysis of factors of potential

importance for survival until age

90 years. Area under the ROC

curves, confidence intervals (CI),

direction of association and

P-valuesaregiven

Variable

Areaunder

theROCcurve 95%CI

Directionof

association P-value

Stoppedsmoking 0.527 0.463–0.591 + 0.3637

Dyspnoeaonwalkinguphill 0.582 0.519–0.645 ) 0.0019**

Self-perceivedfinancial situation

atage61

0.507 0.443–0.571 + 0.8279

Self-perceivedfinancial

situationatage67

0.542 0.478–0.606 + 0.1789

Treatment fordiabetes 0.532 0.468–0.596 ) 0.0207*

Height 0.502 0.438–0.566 ) 0.9460

Weight 0.503 0.439–0.567 ) 0.9260

Waist circumference 0.539 0.475–0.603 ) 0.2269

Systolicbloodpressure 0.504 0.440–0.568 ) 0.9000

Diastolicbloodpressure 0.506 0.442–0.570 ) 0.8583

Heart volumecorrected forbody

surfacearea

0.538 0.474–0.602 ) 0.2422

A plus-sign denotes that the probability of becoming 90 years is increased, and a minus-
signthat theprobabilityofbecoming90 years isdecreased.ROC,receiveroperatingcharac-
teristic; *P < 0.05; **P < 0.01.
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blood pressures were not significant variables, and it
is interesting that at age 50 years only 14men (1.6%)
were taking antihypertensive medication. Receiving
antihypertensive treatment was not related to long-
term survival either. The probability of survival
declined with increasing levels of serum cholesterol
at age 50 (P = 0.012) (Fig. 3).The relationship may
have been influenced to a minor degree by antilipi-
daemic treatment,whichwas given to only4%ofmen
atage80 years,andtoeven fewerat earlierageswhen
thepositive effects of suchtreatmenthadnot yetbeen
shown.

Variables recorded at age 54 years

According to the univariable analysis (Table 2), the
following variables at this age were significantly
related to better survival: lower systolic and diastolic
blood pressure levels (P = 0.013 and 0.016, respec-
tively); higher FEV1.0 (P = 0.0077); lower plasma
fibrinogen (P = 0.0001); and higher maximum work
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Table 5 Variables significantly related to survival to age 90

years in multivariable regression analysis of data recorded

atage50 years

Variable b SE P-value OR(95%CI)

Constant )0.7540 0.7373

Nonsmoker 0.9200 0.2290 0.0001*** 2.51 (1.60–3.93)

Coffee,

cupsper

day

)0.1144 0.0443 0.0098** 0.89 (0.82–0.97)

Costof

housing

0.3374 0.1030 0.0011** 1.40 (1.15–1.71)

Serum

cholesterol

)0.0074 0.0027 0.0070** 0.99 (0.99–1.00)

), the variable is negatively associated with survival. Area
under the receiver operating characteristic curve for the
above-mentioned combination of variables was 0.682 (95%
CI:0.628–0.737); **P < 0.01; ***P < 0.001.
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capacity (P = 0.0010). Men who could not manage a
maximum work test had less chance of becoming
90 years. Physical activity at work or during leisure
time, BMI, waist circumference, dyspnoea on exer-
tion and mental stress were not significantly related
to reaching90 years.

Variables recorded at age 60 years

The following variables were significantly related to
better survival from age 60 to 90 years (Table 3):
physical activity during leisure time (P = 0.0183);
absence of previous alcohol-related problems (P =
0.031); self-rated physical capacity at age 54 (P =
0.030); lower systolic blood pressure (P = 0.017);
higher FEV1.0 (P = 0.0058); and higher MEF25%
(P = 0.0231). Diastolic blood pressure, blood glu-
cose, waist circumference, BMI, cardiovascular
disease in fathers or mothers or their age at death or
serum cholesterol were not significantly related to
outcome.

Variables recorded at age 67 years

The following variables were significantly related to
better survival: absence of dyspnoea on walking up-
hill (P = 0.0058); better financial situation at age 61
(P = 0.0231); shorter stature (P = 0.017); and lower
systolic blood pressure (P = 0.031). Body weight,
waist circumference, treatment for diabetesmellitus,
diastolicbloodpressureandheart volume (measured
by X-ray) were not significantly related to survival
(Table4).

Many variables that were important at age 50 lost
their predictive capacity over time. As an example,
Fig.4showstheestimateddecline inpredictiveability
of systolic and diastolic blood pressure after mea-
surement at 54 years. At this age, an increase in sys-
tolicbloodpressureof1 mmHg implieda1.2%higher
risk of death and a 20-mmHg increase raised the
risk by (exp[20)log[1.012]))1) · 100% = 27%. At the
age of 90, the27% increased riskhaddeclined to only
a9%rise inrisk.Thedeclineof thepredictive capacity
with timewashigher for diastolic bloodpressure. It is
conceivable that the increasing prevalence of anti-
hypertensive treatment may have influenced this
decline, but at age 80 only 12% ofmenwere receiving
such treatment, and therefore, this would not have
influenced the relationships to a large extent. Half of
the deaths before the age of 90 occurred after age
79 years (Fig. 1), andby thena substantial part of the
predictive ability of blood pressure had already been
lost.

Multivariable analyses

All variables significantly related to becoming
90 years in univariable analyses with baseline at age
50 years were included in a stepwise multivariable
analysis, and the final results are shown in Table 5.
Beinganonsmoker, drinking less coffee,more expen-
sive housing and low serum cholesterol were all sig-
nificantly related to a better chance of reaching
90 years. However, early death of a mother, which
was significant inunivariable analysis,wasno longer
significant in multivariable analysis. As shown ear-
lier, other variables that were also examined at ages
54 and 60 and were significant in univariable ana-
lyses were included in the stepwise multivariable
analysis together with the variables included in the
analysisshown inTable5.Thefinalanalysis isshown
in Table 6. A total of 737 men were included in this
analysis, andat thispoint,maximumperformance in
the bicycle exercise test at age 54 was also signifi-
cantly related tosurvivaluntilage90 years.

Causes of death

The causes of death amongst the men are shown in
Table7.Asexpected in this cohortofmen,39.4%died
from cardiac causes, 9.5% from stroke and 24.9%
from cancer, of which 5.3% cases were prostate can-
cerand4.1%were lungcancer.

Prediction of survival to 90 compared with 80 years

Briefly, some social variables such as educational le-
vel,housingcostsand fathers’ social groupweremore
important for survival after 90 years, whereas some
physical variables such as physical activity during
leisure time and at work and diabetes before age 60
were more important for reaching 80 years of age.
Dyspnoea on walking uphill and relative heart vol-
ume were of great importance up to age 80, but were
less important for reaching 90 years. It is beyond
the scope of this study to evaluate these differences
further.

Discussion

In the present study, we investigated the effect of a
large number of variablesmeasured inmiddle age on
the chance of reaching the age of 90; however, com-
paratively few variables emerged as important for
survival. It is not surprising that being a nonsmoker
was themost important factor.Other predictorswere
financial strength (evidenced by the ability to afford
expensive housing), being of general good health
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(indicated by a high physical working capacity) and
havinga low levelofserumcholesterol.Unexpectedly,
a high coffee consumption had a negative impact on
survival. Contrary to commonbeliefs, we did not find
in this population sample that father’s survival to old
agewasofanyprognostic importance.

Of these prognostic factors, smoking, coffee con-
sumption and probably serum cholesterol would

probably be of value for longer life in the future, but
only randomized controlled clinical trials can deter-
mine whether such interventions can prolong sur-
vival. The cost of housing at age 50 years, which was
associated with other factors related to socio-eco-
nomic status later in life, might be difficult to influ-
ence. This may also be the case for physical working
capacity,whichtosomeextent is influencedbyphysi-
cal training but also by constitutional factors. In an
earlier study of these men, it was found that maxi-
mum oxygen uptake was related to physical activity
during work and at leisure, but the effect of physical
activity on maximum oxygen uptake was not very
strong [1].Accordingly, constitutional factors seemto
be important.

Ourfindingsof the importanceof socio-economic fac-
tors as well as that of not smoking are in agreement
with findings amongst civil servants in London [2, 4].
The London study also analysed whether the socio-
economic statuswas related to pathogen burden, de-
fined as positive serostatus for Chlamydia pneumo-
niae, cytomegalovirus and herpes simplex virus and
found that this index was higher in low socio-
economic groups, compared with those with higher
socio-economic status, but it did not appear tomedi-
ate the difference in cardiovascular risk. In this con-
text, it is interesting that high plasma fibrinogenwas
negatively related to survival in univariable (but not
multivariable) analyses of variables recorded at age
54 in the present study. We have previously found
that plasma fibrinogen is related to myocardial
infarction and stroke in a prospective study of these
men [17] and that high fibrinogen is associated with
low social class [18]. Yates et al. [5] found that smok-
inghadanegativeeffectonsurvivaluntilage90 years
and that bloodpressure control,weightmanagement
and regular exercise had positive effects; however,
the latter three variables were not found to be signifi-
cant in multivariable analysis in the present study.
However, we also found systolic blood pressure and
physical activity to be significant only in univariable
analysis at age 60 or 67 years, and the same applies
to lung function tests.

It is noteworthy that smoking and high cholesterol
levels were associatedwith poorer survival, reflecting
the high proportion of cardiovascular deaths in our
sample, and these factors have been found to be risk
factors for the common causes of death (coronary
heart disease and smoking for lung cancer) amongst
thesemenaswell as inmanyother studies. In the38-
year follow-up of theWhitehall study, the presence of
cardiovascular risk factors (smoking, high blood

Table 7 Distribution of causes of death amongst study partici-

pants

Causeofdeath Percentage

Heartdisease, excluding

myocardial infarction

10.0

Myocardial infarction 29.4

Stroke 9.5

Cancer, total 24.9

Cancerof theprostate 5.3

Othercausesofdeath 26.2

Table 6 Variables significantly related to survival to age 90

years in multivariable regression analysis of data recorded

atanyexaminations

Variable b SE P-value OR(95%CI)

Constant )1.5653 0.8433

Nonsmoker

atage50

1.0263 0.2368 0.0000*** 2.79 (1.75–4.44)

Coffee, cups

perday

atage50

)0.1273 0.0462 0.0058** 0.88 (0.80–0.96)

Costof

housing

atage50

0.2707 0.1097 0.0136* 1.31 (1.06–1.63)

Maximum

working

capacity

atage54

0.0006 0.0002 0.0008*** 1.00 (1.00–1.00)

Serum

cholesterol

atage50

)0.0080 0.0029 0.0063** 0.99 (0.99–1.00)

), the variable is negatively associated with survival. Area
under the receiver operating characteristic curve for the
above combination of variables was 0.712 (95% CI: 0.658–
0.776); *P < 0.05; **P < 0.01; ***P < 0.001.
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pressure and high cholesterol concentration) mea-
sured on a single occasion in middle age predicted a
threefold higher rate of vascular mortality, a twofold
higher rate of nonvascular mortality and an almost
10-year shorter life expectancy compared with of the
absence of these risk factors [19]. We have not previ-
ously observed an impact of maximum working
capacity onsurvival, but this finding is veryplausible
and was recently corroborated in an elderly popula-
tion inwhich it was found thatmortality was lower in
peoplewhowerebetter able toperforma400-mwalk-
ing test [20]. Coffee consumption was found to be a
risk factor for heart disease in previous univariable,
but not in multivariable, analyses [21]. In a more re-
cent Finnish studyof elderlypeople, itwas found that
highercoffeeconsumptionwasassociatedwithbetter
survival [22].

Wehavepreviously found that themore than50%de-
cline in the rate of myocardial infarction in Gothen-
burg over 30 years was comparable with the decline
in risk factors, when risk factors were compared in
successive cohorts of 50-year-old men with regis-
tered rates ofmyocardial infarction in thecity [8].Our
results provide support for the public health policies
aimed at achieving changes in major risk factors
throughout the population to achieve improvements
in life expectancy.However, given the recent trends of
markedly decreasing levels of smoking in the popula-
tion but, on the other hand, increasing obesity [8],
other measures more directed towards preventing
obesity and the development of diabetesmellitus will
probablybeneeded inthe future.

Strengths and limitations of the study

The present study has several strengths, including a
prospective design, availability of a large number of
potential predictors, an extended follow-up and a
complete mortality follow-up. Additionally, the gen-
eral population sample with an almost uniquely high
attendance rate provides possibilities to generalize to
the background population of men of similar age in
the city and probably also to other men in general.
However, there are also limitations, chieflya compar-
atively limitedstudypopulation,but also the fact that
all were men of similar age and almost exclusively of
Caucasian origin. Whilst this is, in some respects, a
strength, reducing random variation in heteroge-
neousstrata, it is alsoa limitationreducing thepossi-
bility to generalize the findings not only with respect
to gender and age, but also to location and time peri-
od. Another limitation is that we were not able to as-

sess the quality of life including the presence of Alz-
heimer’sdisease inthesurvivingmen.

Insummary,wefoundseveralmodifiable lifestyle fac-
tors, suchas smoking anddiet-related serumcholes-
terol levels, as well as socio-economic status and
physical working capacity to be significantly associ-
ated with survival until age 90. However, we did not
find that parental survival was of significant impor-
tance for survival amongst thesemen, and therefore,
lifestyle factors seem to be more important than
familial ⁄genetic factors.

Contributors

LarsWilhelmsen (LWi)was responsible for the design
of the study, Anders Odén performed the statistical
analyses and all authors took part in the investiga-
tions,data interpretationanddrafting the report.

Conflict of interest statement

None of the authors has any conflicts of interest to
report.

Acknowledgements

Support was received from the Swedish Heart-Lung
Foundation, theHealth andMedical Care Committee
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