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WHAT IS ALREADY KNOWN
Q An increase in cardiorespiratory mortality among pe-
ople exposed to a coal-fired power plant emissions has 
been shown.

WHAT THIS STUDY ADDS
Q For each death among the exposed, a method to esti-
mate the individual life shortening has been proposed.
Q Compared to attributable risk, this method could rea-
sonably estimates the individual damage.

ABSTRACT
BACKGROUND: the exposure to a coal-fired power plant 
has been shown to increase mortality both for cardiovascu-
lar and respiratory causes among an exposed cohort in com-
parison with a cohort of unexposed. Hazard ratios between 
1.30 and 1.90 were found for cardiovascular and respirat-
ory mortality.
OBJECTIVES: to estimate the individual life shortening 
among the exposed due to power plant emissions.
DESIGN: survival for cardiovascular and respiratory disease 
in the exposed vs unexposed groups was estimated by the 
Kaplan-Meier method. For each gender and exposure, a fic-
titious cohort with a cumulative 30-year follow up was built 
combining three subcohorts of age at entry of 55-64, 65-74, 
and 75-84 years, with 10 years of follow up each. Survivals 
at 10 years in the 55-64-year subcohort were used as initial 
risks for 65-74-year subcohort; then, survivals at 10 years 
of the 65-74-year subcohort were used as initial risk in the 
75-84-year subcohort. Eventually, 30-years cumulative fol-
low up cohorts were obtained by gender and exposure. In-
dividual life-shortening in people exposed was estimated as 
time from death of an exposed subject to the subsequent 
time when the unexposed cohort reached the same risk of 
the exposed subject at that time of the death. Here, it is 
proposed a method to take into account causes other than 
those considered.
SETTING AND PARTICIPANTS: 144,018 subjects aged 55-74 
years at entry of both genders belonging to the open cohort 
of residents of 12 municipalities (including Savona) from 
2001 to 2013 in the area where the coal-fired power plant 
of Vado-Quiliano (Liguria Region, Northern Italy) is located.
MAIN OUTCOME MEASURES: individual life shortening.

RESULTS: after 5 years of follow up, the individual life short-
ening due to cardiorespiratory causes varied between 972 
and 1,822 days for males and from 612 and 1,578 days 
among females. Taking into account other causes of death, 
reduces slightly (3% for males of 75 years at death) the es-
timate of life shortening found in this study. The comparison 
between the cohorts requires that the exposed and unex-
posed groups are comparable, except for the exposure, and 
that causes other than those considered are taken into ac-
count. Socioeconomic status had been found to have little 
effect on cause-specific death risk indicating that, at least 
in terms of socioeconomic status, the exposed and unex-
posed groups were similar. Taking into account causes other 
than those considered slightly reduced the found estimates 
(3% at age 75 in males). According to the proposal, the 
life-shortening for the considered causes is easy to calcu-
late and provides an individual indicator of damage. Infer-
ring from group statistics individual estimates could be the 
most controversial point of this approach. The proposed es-
timates are the most credible estimate of individual damage 
for each occurred death among the exposed people.
CONCLUSIONS: an increased hazard ratio for a wide series 
of causes is equivalent to a life shortening among the ex-
posed. A method to produce reasonable estimates of 
life-shortening is proposed as the effect of exposure at indi-
vidual level. This approach is simple and do not require soph-
isticated statistical tools. It appears a promising approach for 
other settings.

Keywords: individual life shortening, survival analysis, coal fired power 
plant

RIASSUNTO
INTRODUZIONE: uno studio precedente a questo ha mostra-
to un aumento di mortalità cardiorespiratoria in una coorte 
di esposti alle emissioni di una centrale termoelettrica a car-
bone rispetto a una coorte di soggetti non esposti, con rischi 
tra 1,30 e 1,90.
OBIETTIVI: stimare la perdita individuale di vita mediante il 
confronto della sopravvivenza delle due coorti sopra men-
zionate.
DISEGNO: la sopravvivenza per cause cardiorespiratorie è 
stata confrontata tra due coorti di esposti e non esposti con 
il metodo di Kaplan-Meier. Per esposti e non esposti e per 
ciascun genere, è stata costruita una coorte fittizia mediante 
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l’insieme di 3 sottocoorti di intervalli decennali di età all’in-
gresso nella coorte: 55-64 anni, 65-74 anni, 75-84 anni, cia-
scuna con un follow up di 10 anni. I rischi cumulativi a 10 
anni per genere e per esposti e non esposti della classe 55-
64 anni sono stati utilizzati come rischi iniziali delle sotto-
coorti di esposti e non esposti della classe successiva 65-74 
anni. Lo stesso procedimento è stato utilizzato per la clas-
se successiva 75-84 anni, utilizzando i rischi cumulativi a 10 
anni della classe 65-74 anni. Si sono così ottenute curve di 
sopravvivenza cumulativa di 30 anni specifiche per genere e 
per esposizione. La perdita individuale di vita è stata stima-
ta come differenza tra il tempo al decesso di una persona 
esposta e il tempo successivo in cui la coorte dei non esposti 
raggiunge il livello di rischio che aveva il soggetto esposto al 
momento dell’evento. È stata proposta una metodologia per 
tenere conto delle altre cause di morte.
SETTING E PARTECIPANTI: 144.018 soggetti di età 55-74 
anni di ambo i generi appartenenti alla coorte di residenti nei 
12 comuni intorno alla centrale a carbone di Vado-Quiliano 
(Savona) tra il 2001 e il 2013.
PRINCIPALI MISURE DI OUTCOME: accorciamento indivi-
duale di vita.
RISULTATI: dopo 5 anni di follow up cumulativo, la perdita 

individuale di vita per cause cardiorespiratorie varia tra 972 
e 1.822 giorni per i maschi e tra 612 e 1.578 giorni per le 
femmine. 
Il confronto tra le coorti richiede che queste siano del tutto 
comparabili, eccetto che per l’esposizione in studio, e che si 
tenga conto delle altre cause di decesso. Le coorti di esposti 
e non esposti erano simili per stato socioeconomico. Tenere 
conto delle altre cause di morte riduce di poco questa stima: 
circa il 3% per soggetti maschi di 75 anni. La perdita di vita 
o anticipazione di decesso, secondo la proposta qui elabo-
rata, è calcolabile per ciascun soggetto deceduto per le cau-
se considerate e fornisce un indicatore individuale di danno. 
Il passaggio tra il confronto tra gruppi e il dato individuale 
costituisce l’aspetto più problematico di questo approccio.
CONCLUSIONI: un aumento dell’hazard ratio della mortali-
tà è equivalente a un’aumentata perdita di vita tra i soggetti 
esposti rispetto ai soggetti non esposti. In questo contributo, 
si propone una metodologia per stimare questo danno come 
stima individuale di accorciamento della vita. Questo approc-
cio è semplice, non richiede strumenti statistici sofisticati e 
ci si augura possa venire utilizzato anche in altre situazioni.
Parole chiave: accorciamento individuale della vita, analisi di 
sopravvivenza, centrale a carbone
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INTRODUCTION
The rate ratios and hazard ratios (HRs) commonly estim-
ated in epidemiology are measures of association and do 
not provide estimates of damage to individuals, expressed 
for example as premature death (life-shortening). In par-
ticular, the concepts of attributable risk and attributable 
cases are misleading, as Greenland1 pointed out, since 
the hazard can be viewed as affecting only a proportion 
of exposed population or even as an individual probabil-
ity. Moreover, as Greenland pointed out, time of occur-
rence is not taken into account: “many experts do not see 
[the possibility] that every exposed person with the dis-
ease was harmed by the exposure, this fact because they 
fail to take into account that some or all exposed occur-
rences may be accelerated occurrences”.
According to Rothman and Greenland,2 “a cause of a dis-
ease event is an event, condition, or characteristic that 
preceded the disease event and without which the disease 
event either would not have occurred at all or would not 
have occurred until some later time”. 
In a preliminary paper,3 it has been proposed that for a 
set of disease events:
1. that can occur in all people;
2. that can occur only once in any given person;
3. that will occur unless the person is censored (e.g., dies 

of other causes or observation ends),
4. for which the risk of the (set of ) causes of those events 

is increased by an exposure of interest in all persons;
5. for which the risk of the (set of ) causes of those events 

increases with time (age)

the increased risk in exposed persons is equivalent to the 
anticipation of the event in all considered people and all 
anticipated events can be viewed as caused by the exposure.
Let E0 and E1 be two groups comparable in all charac-
teristics, but those in E1 – but not E0 – were exposed to 
a hazard (e.g., air pollution) that is recognized to increase 
risk of death for a specified disease (e.g., lung cancer) or 
group of diseases (e.g., cardiovascular and respiratory dis-
eases). At the beginning of the observation, both groups 
are free of events considered and their survival is 1. After 
some time, the risk of death for the considered cause(s) 
and its complement – cause-specific survival – will differ 
between E0 and E1. 
The group survival E0 over time represents what would 
have occurred among E1 in absence of exposure.
For each death event considered among E1, individual 
life-shortening is proposed to be simply estimated as the 
difference between the time of occurrence of that death 
and the subsequent time when group E0 reaches the same 
risk of death as group E1 had when the death occurred 
(see Figure 1a, segment A-B).
Here, such an evaluation for an environmental hazard 
(emissions from a coal-fired power station) based on lon-
gitudinal data from exposed and unexposed sub-cohorts 
living around the power station is presented.
As part of the surveillance programme Regional Obser-
vatory of Health and the Environment on the popula-
tion of the province of Savona (Liguria Region, Italy), the 
Institute of Clinical Physiology of the Italian National 
Research Council (Pisa), carried out a residential cohort 
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Figures 1a and 1b show the cumulative survival of the 
exposed and unexposed cohorts, in men and women re-
spectively, starting from 55 years. For each exposure cat-
egory, survival from 55 to 84 years was estimated. In Fig-
ure 1a, the arrows indicate the cumulative probabilities of 
survival for the preceding 10-year age class, which were 
used as initial survival probabilities for the subsequent 
age class.
To provide a numerical estimate of life shortening, for 
each year, the last day of that year among the exposed 
was chosen as the time of event among exposed and the 
time to reach the same probability among the non-ex-
posed was evaluated.
HRs for death (with 95% confidence intervals) were also 
estimated for each 10-year age class by Cox regression6 
adjusting for age and for socioeconomic status as estim-
ated by the Italian deprivation index from Census data.7
In producing these estimates of life shortening due to 
cardiovascular/respiratory disease, deaths for other causes 
were censored and did not contribute to survival estim-
ates. However, not considering the death of subject who 
dies in the anticipated period for causes other than those 
considered increases the apparent life shortening. As a 
possible correction, it was proposed to evaluate the prob-
ability of death for causes other than those considered in 
the life shortening period, for each age and gender; then, 
multiply the life shortening estimate by the complement 
to one of this probability. At the Authors’ knowledge, this 
method has never been proposed.

RESULTS
Table 1 shows the number of persons in each age class, 
number of deaths due to cardiovascular/respiratory 
causes, cumulative probability of cardiovascular/respirat-
ory death at 10 years, and HRs for cardiovascular/respir-
atory death in each 10-year age class, adjusted for age and 
deprivation index.
Tables 2a and 2b show the estimated life-shortenings due 
to a cardiovascular/respiratory event (death) occurring at 
the end of each year of observation, among exposed men 
and women, respectively. Life-shortenings were read off 
manually from survival life tables as the difference (in 
days) from the cumulative probability of dying in ex-
posed at the end of each year of follow up to the point 
where the unexposed reached the same level of probabil-
ity of dying.
As expected, at the beginning of follow up, life-shorten-
ing was negligible and the exposed and unexposed sur-
vival curves overlap. However, after 3 years in men (Fig-
ure 1a) and 5 years in women (Figure 1b), life-shortening 
among exposed became considerable, varying from 972 
to 1,822 days in men, and from 612 to 1,578 days in 
women. For an exposed man dying at 65 years (after 10 

study from 1st January 2001 to 31st December 20134 to 
investigate associations between exposure to atmospheric 
pollutants emitted by the Vado-Quiliano coal-fired power 
station and risks of mortality and hospitalization. The co-
hort consisted of 144,018 people residents in the 12 mu-
nicipalities surrounding the power station (area 20x26 
km), at 1st January 2001 up to 31st December 2010, or 
subsequently entered as residents in the same area, aged 
55-74 years at entry. Observations were censored, as in 
the original study,4 if a cohort member moved out of the 
study area and when a member entered the subsequent 
age class. Cause-specific mortalities were obtained from 
the regional death register. Cardiorespiratory deaths were 
considered as events. Death for other causes were cen-
sored as well.
Exposures to emissions and other air pollutants were es-
timated by diffusion models. The resulting map of SO2 
levels was used as a marker of exposure to emissions from 
the power station.
The study found HRs for cardiovascular mortality of 
1.34 to 1.60, and HRs for respiratory mortality of 1.30 
to 1.90, for the three upper exposure quartiles compared 
to the lower.4

METHODS
In the present study, the data were taken from the same 
study and they were used to estimate cardiovascular/res-
piratory disease-specific survival and mortality, by quart-
iles of exposure, for 10-year age classes and gender, using 
the Kaplan-Meier method.5 Deaths for other causes were 
censored at the time of death. 
Since for ages <55 years there were very few events (HRs 
not significant), only three age classes were considered: 
55-64, 65-74, and 75-84 years. For these groups, HRs 
were similar in the three upper quartiles of exposure, 
so they were merged and considered to be the exposed 
group, which was compared with the first quartile (con-
sidered unexposed).
Kaplan-Meier analysis implies that, at the beginning of 
observation, the cumulative risk of dying is zero for both 
exposed and unexposed groups, so long follow up is re-
quired to directly observe life shortening. A 30-year fol-
low up was simulated by setting the initial probability of 
dying in the 65-74-year age group (in each gender) to the 
final 10-year probability of dying in the previous 55-64-
year age group, and for the 75-84-year age group the ini-
tial probability of dying was set as the 10-year probability 
of dying in 65-74-year age class. 
For any cardiovascular/respiratory death in the exposed 
group, life-shortening was estimated as the time from 
death to the time when the unexposed group reached the 
same level of risk as the exposed group when the death 
occurred (segments AB or CD, Figure 1a).
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Figure 1a. Cumulative survival probability 
for cardiovascular and respiratory diseases in 
the exposed and unexposed groups. Lower 
curve represents exposed people, upper 
curve represents unexposed people. Males. 
Figura 1a. Probabilità cumulativa di 
sopravvivenza per cause cardiorespiratorie 
negli esposti e nei non esposti. La curva 
inferiore rappresenta gli esposti, quella 
superiore i non esposti. Maschi.

NOTE: AB is the life shortening (days) for 
cardiorespiratory causes for an exposed person 
compared to an unexposed person in the same 
age class. CD is the life shortening (days) for 
an exposed person using the subsequent age 
class. The arrows indicate the starting survival 
probabilities for unexposed (upper curve) and 
exposed (lower curve) persons in subsequent age 
classes. / NOTA: AB rappresenta l’accorciamento 
di vita per cause cardiorespiratorie di una persona 
esposta rispetto ad una non esposta della stessa 
classe di età. CD rappresenta l’accorciamento di 
vita per cause cardiorespiratorie di una persona 
esposta valutata usando la classe di età successiva. 
Le frecce indicano le probabilità iniziali delle classi 
65-74 e 75-84 poste uguali alle probabilità finali 
della classe precedente.

Figure 1b. Cumulative survival probability 
for cardiovascular and respiratory diseases in 
the exposed and unexposed groups. Lower 
curve represents exposed people, upper 
curve represents unexposed people. Women.
Figura 1b. Probabilità cumulativa di 
sopravvivenza per cause cardiorespiratorie 
negli esposti e nei non esposti. La curva 
inferiore rappresenta gli esposti, quella 
superiore i non esposti. Femmine.

EXPOSED

UNEXPOSED

EXPOSED

UNEXPOSED

WOMEN

MEN
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years of follow up), the estimated life shortening was 
1,140 days; and, for an exposed woman, dying at 75 years 
the life shortening was 1,054 days. Twenty years from the 
beginning of follow up, life shortening estimates tended 
to peak at over 1,400 days in men and 1,300 in women.
To assess the effect of deaths for other causes, age- and 
gender-specific life tables for the residents in the province 
of Savona were accessed from the Italian National Insti-
tute of Statistics for the period 2000-20088 to obtain, for 
each gender and age class, overall probabilities of dying 
over a three-year period (1,095.75 days) to estimate the 
proportion of deaths due causes other than cardiovascu-
lar/respiratory (Table 3).
Then, the days corresponding to the probability of dying 
for other causes were subtracted from the life-shorten-
ing estimates. Supposing having an estimated life-short-
ening in 75-year-old men of 1,295 days (as in Table 2a) 
and supposing that deaths for other causes occurred at 
the midpoint of the shortened life period, the corrected 
shortening would be

1,295 x (1 – 0.054789 / 2) = 1,295 – 35 = 1,260 days

where 0.054789 is the age-specific probability of dying 
for non-cardiovascular-respiratory causes over the three-
year period (1,095.75 days) (Table 3).
One further correction is obtained by multiplying the 
36-day difference by the ratio of the two periods (1,295 
/ 1,095.75) obtaining 41 days as the life-shortening for 
other causes, to give a corrected estimate of 1,295 – 41 = 

1,254 days as the life lost for an exposed man dying at 75 
years of age, i.e., a 3% less than the value obtained by the 
survival difference.

DISCUSSION
To assess whether the exposed and unexposed groups in 
the present study were comparable, it was examined how 
the HRs for death produced by Cox modelling changed 
when the models were adjusted for the Italian deprivation 
index – a measure of socioeconomic status – compared 
with no adjustment. As shown in Table 4, only minor 
changes in HRs occurred, particularly in older age classes 
and in women. The fact that adjustment for socioeco-
nomic status had little effect on HR suggests that the ex-
posed and unexposed groups were satisfactorily compar-
able, at least in terms of socioeconomic status.
Table 4 shows that risk of dying for the considered causes 
is apparent in all age groups considered. Coal-fired power 
plant started in 1970 and was stopped in 2014.4 Suppos-
ing that all subjects of the cohorts were resident in the same 
place since that date, as cohorts started in 2001 and the 
considered follow up stopped in 2011, more than 30 years 
of exposure affected all exposed members of the cohorts. 
Moreover, all the cohorts had the same duration of expos-
ure. Assembling a fictitious cohort with hypothetical 30-
year follow up from concurrent 10-year age cohorts was 
essential for the present estimate of life shortening. It as-
sumes, however, that there is no birth cohort effect on mor-
tality rates, i.e., on whether death rates in each age class 
changed over time. 

AGE CLASS UNEXPOSED EXPOSED HRa 
(95%CI)

NUMBER DEATHS 10-YEAR 
SURVIVAL

NUMBER DEATHS 10-YEAR
 SURVIVAL

Men

55-64 years 2,073 39 0.984 6,148 245 0.970 2.08 
(1.48-2.92)

65-74 years 1,794 130 0.934 5,531 669 0.892 1.74 
(1.44-2.10)

75-84 years 946 170 0.786 2,857 776 0.693 1.52 
(1.29-1.79)

Women

55-64 years 2,408 19 0.994 7,203 110 0.990 1.91 
(1.18-3.11)

65-74 years 2,328 100 0.970 6,953 500 0.948 1.63 
(1.31-2.01)

75-84 years 1,569 210 0.855 4,770 1,034 0.781 1.68 
(1.45-1.94)

a adjusted for age and Italian deprivation index / corretto per età e indice di deprivazione

Table 1. Numbers of persons, numbers of events (cardiovascular and respiratory deaths), and 10-year survival, by gender, age class, and exposure, with hazard ratios 
(HRs) for events in exposed vs unexposed
Tabella 1. Numero di persone, di eventi (decessi cardiorespiratori) e sopravvivenza a 10 anni, per genere, classe di età ed esposizione. Gli hazard ratio (HR) sono tra 
esposti e non esposti.
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TIME FROM STUDY 
START

AGE CLASS 
(EXPOSED)

NUMBER OF 
EVENTS AMONG 
THE EXPOSED IN 
THE INTERVAL

CUMULATIVE 
PROBABILITY  
OF SURVIVAL  
IN EXPOSED

CUMULATIVE 
SURVIVAL 

 OF UNEXPOSED
 

DAYS PASSED 
IN UNEXPOSED 

TO ARRIVE 
AT SAME 

PROBABILITY  
OF SURVIVAL  

AS EXPOSED (B)

LIFE 
SHORTENING 
IN EXPOSED 

(DAYS)

(A-B)

YEARS DAYS
(A)

1 365

55-64 years

10 0.9982 1.0000 447 82

2 730 12 0.9960 0.9983 948 218

3 1,096 12 0.9937 0.9954 2,106 1,010

4 1,461 3 0.9931 0.9948 2,203 742

5 1,826 13 0.9906 0.9942 3,011 1,185

6 2,191 13 0.9879 0.9936 3,207 1,016

7 2,556 19 0.9839 0.9923 3,558 1,002

8 2,922 21 0.9794 0.9923 4,683 1,761

9 3,287 24 0.9761 0.9869 4,515 1,228

10 3,652 13 0.9712 0.9840 4,624 972a

11 4,017

65-74 years

43 0.9629 0.9822 5,157 1,140

12 4,382 42 0.9545 0.9766 6,709 1,296

13 4,748 28 0.9487 0.9708 6,109 1,361

14 5,113 38 0.9406 0.9654 6,700 1,587

15 5,478 50 0.9293 0.9591 6,889 1,411

16 5,843 38 0.9208 0.9540 7,575 1,732

17 6,208 41 0.9110 0.9494 7,924 1,716

18 6,574 49 0.8988 0.9424 8,396 1,822

19 6,939 58 0.8837 0.9333 8,348 1,409a

20 7,304 45 0.8714 0.9264 8,637 1,333a

21 7,669

75-84 years

58 0.8522 0.9084 8,964 1,295

22 8,034 56 0.8327 0.8971 9,345 1,311

23 8,400 59 0.8106 0.8801 9,958 1,558

24 8,765 70 0.7827 0.8680 10,183 1,418

25 9,130 69 0.7531 0.8479 10,588 1,458

26 9,495 45 0.7323 0.8293 11,065 1,570

27 9,860 55 0.7052 0.8157 11,375 1,515

28 10,226 54 0.6761 0.7807 11,643 1,417

29 10,591 57 0.6433 0.7539 11,999 1,408

30 10,956 48 0.6124 0.7350 n.d.b n.d.b

n.d.: not determined / non determinato
a for these estimates, the subsequent age-class cumulative probabilities were used (as shown in CD, figure 1) / per queste stime, è stata utilizzata la sopravvivenza cumulativa della classe di 
età successiva (segmento CD di figura 1)
b follow up of non-exposed ended before reaching this point / il follow up dei non esposti termina prima di questo punto 

Table 2a. Life shortening in exposed men dying at various follow up intervals.
Tabella 2a. Accorciamento di vita tra i maschi esposti, deceduti a diversi intervalli di follow up.
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TIME FROM STUDY 
START

AGE CLASS 
(EXPOSED)

NUMBER OF 
EVENTS AMONG 
THE EXPOSED IN 
THE INTERVAL

CUMULATIVE 
PROBABILITY  
OF SURVIVAL  
IN EXPOSED

CUMULATIVE 
SURVIVAL 

 OF UNEXPOSED
 

DAYS PASSED 
IN UNEXPOSED 

TO ARRIVE 
AT SAME 

PROBABILITY  
OF SURVIVAL  

AS EXPOSED (B)

LIFE SHORTE-
NING IN EXPO-

SED (DAYS)

(A-B)
YEARS DAYS

(A)

1 365

55-64 years

4 0.9994 0.9988 34 -331c

2 730 4 0.9989 0.9983 246 -484c

3 1,096 6 0.9980 0.9979 558 -538c

4 1,461 2 0.9977 0.9974 780 -681c

5 1,826 7 0.9966 0.9970 1,141 -685c

6 2,191 9 0.9953 0.9965 3,375 1,184

7 2,556 8 0.9940 0.9965 3,540 984

8 2,922 7 0.9928 0.9960 4,151 1,229

9 3,287 9 0.9913 0.9955 4,474 1,187

10 3,652 10 0.9893 0.9950 4,264 612a

11 4,017

65-74 years

12 0.9860 0.9926 4,891 874

12 4,382 15 0.9835 0.9907 5,319 937

13 4,748 33 0.9781 0.9892 6,166 1,418

14 5,113 25 0.9738 0.9867 6,675 1,562

15 5,478 26 0.9693 0.9845 7,056 1,578

16 5,843 29 0.9642 0.9829 7,346 1,503

17 6,208 25 0.9596 0.9796 7,755 1,547

18 6,574 23 0.9534 0.9778 7,721 1,147a

19 6,939 37 0.9493 0.9724 8,001 1,062a

20 7,304 29 0.9435 0.9674 8,245 941a

21 7,669

75-84 years

58 0.9304 0.9621 8,723 1,054

22 8,034 53 0.9191 0.9510 9,111 1,077

23 8,400 75 0.9014 0.9420 9,670 1,270

24 8,765 61 0.8862 0.9325 10,052 1,287

25 9,130 78 0.8657 0.9208 10,431 1,301

26 9,495 84 0.8424 0.9101 10,817 1,322

27 9,860 77 0.8195 0.8987 11,178 1,318

28 10,226 77 0.7949 0.8816 11,551 1,325

29 10,591 74 0.7732 0.8599 11,958 1,367

30 10,956 77 0.7450 0.8364 n.d.b n.d.b

n.d.: not determined / non determinato
a for these estimates, the subsequent age-class cumulative probabilities were used (as shown in CD, figure 1) / per queste stime, è stata utilizzata la sopravvivenza cumulativa della classe di 
età successiva (segmento CD di figura 1)
b follow up of non-exposed ended before reaching this point / il follow up dei non esposti termina prima di questo punto 
c survival of exposed is higher than non-exposed / la sopravvivenza degli esposti è maggiore di quella dei non esposti

Table 2b. Life shortening in exposed women dying at various follow up intervals.
Tabella 2b. Accorciamento di vita tra le femmine esposti, deceduti a diversi intervalli di follow up.
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AGE CLASS THREE-YEAR 
PROBABILITY 

OF DYING IN MIDDLE 
OF AGE CLASS*

PROPORTION OF 
CARDIOVASCULAR/

RESPIRATORY DEATHS

PROPORTION 
OF OTHER DEATHS

THREE-YEAR 
PROBABILITY 

OF DYING 
OF OTHER CAUSES 

Men

55-64 years 0.018259 0.271 0.729 0.013311

65-74 years 0.043481 0.322 0.678 0.029480

75-84 years 0.093179 0.412 0.588 0.054789

Women

55-64 years 0.010154 0.156 0.844 0.008570

65-74 years 0.022867 0.280 0.720 0.016464

75-84 years 0.064717 0.419 0.581 0.037601

* Data source: Italian National Institue of Statistics, 2000-2008, Savona Province (Liguria Region, Northern Italy) / Fonte dei dati: Istat, 2000-2008, provincia 
di Savona 

Table 3. Gender- and age-specific probabilities of dying for causes other than cardiovascular/respiratory disease over a three-year period.
Table 3. Probabilità di decesso specifiche per età e genere per cause diverse da quelle cardiorespiratorie su di un periodo di tre anni.

AGE CLASS HR (95%CI)
ADJUSTED FOR DI

HR (95%CI)
CRUDE

% CHANGE CRUDE 
VS ADJUSTED 

Men

55-64 years 2.08 (1.48-2.92) 1.96 (1.40-2.76) 5.76

65-74 years 1.74 (1.44-2.10) 1.68 (1.39-2.03) 3.44

75-84 years 1.52 (1.29-1.79) 1.48 (1.25-1.75) 2.63

Women

55-64 years 1.91 (1.18-3.11) 1.81 (1.11-2.95) 5.23

65-74 years 1.63 (1.31-2.01) 1.61 (1.29-2.00) 1.22

75-84 years 1.68 (1.45-1.94) 1.65 (1.42-1.92) 1.79

DI: Italian deprivation index / indice di deprivazione italiano (Caranci et al. 2010)7

Table 4. HRs for cardiovascular-respiratory deaths according to gender and age class, with and without adjustment for socioeconomic status 
(Italian deprivation index).
Tabella 4. Hazard ratio per morti per cause cardiorespiratorie per genere e classe di età, con e senza aggiustamento per indice di deprivazione.

Both exposed and unexposed cohorts where from the 
same province, so no general cohort effect in the whole 
Savona population could cause any differential mortality 
pattern between the two cohorts. Therefore, to assume 
that exposure differed between groups of the same age 
observed in different calendar periods, as well as it was 
fairly constant for the considered cohorts, was considered 
reasonable.
This study considered mortality of causes that a priori 
were influenced by the exposure and that were found to 
be associated with the exposure in the original study.4
An excess of mortality was found for all natural causes 
(men: 1.49; 95%CI 1.38-1.60; women: 1.49; 95%CI 
1.39-1.59); however, proposing a methodology for indi-
vidual life shortening estimation due to a specific (set of ) 
cause(s) can provide useful information in addition to the 
more classical hazard ratio information.
In view of the reasonable increased risk of mortality from 

other causes (e.g., lung cancer) due to exposure, these 
events were censored in the present analysis. 
All things considered, he Authors are aware that the es-
timates of life shortening due exposure to the power sta-
tion emissions are likely to be underestimated. 
The estimated death anticipation for each individual 
should be considered as random variable. The individual 
estimates of life-shortening represent the most probable 
individual shortening. The approach here used could be 
improved by assessing variability of this estimation of the 
anticipation of death or life shortening, but providing 
statistical tools for estimating variability of life shorten-
ing is beyond the scope of this paper.
The rate advancement period has been proposed as a 
measure of the anticipation of incidence due to expos-
ure.9 However, this measure does not correspond to in-
dividual life-shortening nor does it afford an estimate of 
damage to the individual.10
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A method to estimate event anticipation has been pro-
posed by Berry.11 This method, based on Weibull stat-
istical model, allows to estimate the average anticipa-
tion, given the age-specific incidence of exposed and 
unexposed populations. However, Berry noted that 
“several workers have shown that it is impossible to de-
rive the probability that a disease was caused by expos-
ure to a particular pollutant for an individual, or to eval-
uate the number of years of life lost due to death from a 
cause that might be a consequence of exposure to a pol-
lutant”. Berry also noted that it was not his purpose “to 
enter that debate other than to note that in this situ-
ation the only options seem to be either to rely on group 
effects, and in essence treat each individual as an ‘aver-
age’ member of a group, or to regard the problem as un-
solvable”. The opinion of the Authors is that compar-
ing the survival of two groups for which it is reasonable 
to assume a substantial difference only in the exposure 
investigated, taking into account competing causes, is a 
way of overcoming this problem.
To conclude, for each cardiovascular/respiratory death in 
the exposed cohort, life tables of exposed and unexposed 
cohorts proposed in this paper can be used to determ-
ine the most probable individual life shortening due to 
the exposure. This was estimated from the time of occur-
rence of the event in the exposed person and the associ-
ated cumulative survival probability. The same survival 
probability is reached later by the unexposed cohort. The 
life shortening is given by this time difference. It was also 
illustrated how to correct for causes of death other than 
those considered, i.e., cardiovascular/respiratory causes. 
The estimations found in this study represent the most 

probable number of days of additional life for each ex-
posed individual if he/she had not been exposed to the 
emissions considered.
To the Authors’ knowledge, this is the first similar es-
timates and such an approach can be used in other sim-
ilar contexts to enrich the scientific discussion and use in 
public health.
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