
CARDIOVASCULAR DISEASE

Circulatory disease mortality in the Massachusetts tuberculosis
fluoroscopy cohort study

Mark P. Little1,2 • Lydia B. Zablotska3 • Alina V. Brenner1 • Steven E. Lipshultz4

Received: 10 November 2014 / Accepted: 21 July 2015 / Published online: 9 August 2015

� Springer Science+Business Media Dordrecht(outside the USA) 2015

Abstract High-dose ionizing radiation is associated with

circulatory disease. Risks from lower-dose fractionated

exposures, such as from diagnostic radiation procedures,

remain unclear. In this study we aimed to ascertain the

relationship between fractionated low-to-medium dose

radiation exposure and circulatory disease mortality in a

cohort of 13,568 tuberculosis patients in Massachusetts,

some with fluoroscopy screenings, between 1916 and 1961

and follow-up until the end of 2002. Analysis of mortality

was in relation to cumulative thyroid (cerebrovascular) or

lung (all other circulatory disease) radiation dose via

Poisson regression. Over the full dose range, there was no

overall radiation-related excess risk of death from circu-

latory disease (n = 3221; excess relative risk/Gy -0.023;

95 % CI -0.067, 0.028; p = 0.3574). Risk was somewhat

elevated in hypertensive heart disease (n = 89; excess

relative risk/Gy 0.357; 95 % CI -0.043, 1.030,

p = 0.0907) and slightly decreased in ischemic heart dis-

ease (n = 1950; excess relative risk/Gy -0.077; 95 % CI

-0.130, -0.012; p = 0.0211). However, under 0.5 Gy,

there was a borderline significant increasing trend for all

circulatory disease (excess relative risk/Gy 0.345; 95 % CI

-0.032, 0.764; p = 0.0743) and for ischemic heart disease

(excess relative risk/Gy 0.465; 95 % CI, -0.032, 1.034,

p = 0.0682). Pneumolobectomy increased radiation–asso-

ciated risk (excess relative risk/Gy 0.252; 95 % CI 0.024,

0.579). Fractionation of dose did not modify excess risk. In

summary, we found no evidence of radiation-associated

excess circulatory death risk overall, but there are indica-

tions of excess circulatory death risk at lower doses

(\0.5 Gy). Although consistent with other radiation-ex-

posed groups, the indications of higher risk at lower doses

are unusual and should be confirmed against other data.

Keywords Ionizing radiation � Circulatory disease �
Fluoroscopy � Tuberculosis � Hypertension

Introduction

Ionizing radiation can cause cancer [1, 2]. Therapeutic

doses of ionizing radiation to the heart and large arteries

are associated with various types of circulatory disease [3–

6]. More recently, and controversially, studies on several

groups exposed to low-to-moderate doses of radiation have

reported excess mortality and morbidity from circulatory

diseases, in particular the Life Span Study (LSS) of Japa-

nese atomic bomb survivors [7] and several occupationally

exposed cohorts [8]. There is biological data suggesting

there might be a variant response for circulatory disease

below vs above about 0.5 Gy [9]. However, the compli-

cated, multifactorial nature of circulatory disease, possible

contributions from unmeasured confounders and errors in

dose estimates inevitably raise concerns about whether the

observed associations are causal [8].
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Individuals receiving fluoroscopic X-rays as part of

treatment for tuberculosis in Canada and Massachusetts

have been studied in relationship to cancer [10–14], but

noncancerous diseases have not been so extensively

examined. A recent analysis of the Canadian fluoroscopy

cohort study indicated small radiation-associated excess

relative risks (ERR) of ischemic heart disease (IHD)

mortality, with the highest risk for those with the most

prolonged period over which the fluoroscopies took place

[15]. Radiation-related risks of IHD also decreased sig-

nificantly with increasing time since first exposure and age

at first exposure [15].

We therefore analyzed the Massachusetts tuberculosis

fluoroscopy cohort study to assess circulatory disease

mortality. We decided a priori to concentrate on the rela-

tionship between cumulative lung and thyroid tissue dose

(surrogates for dose to the heart and carotid artery,

respectively) and death from several circulatory diseases

and on possible dose-fractionation associations and modi-

fications by age at exposure and time since exposure. The

dose response overall and under 0.5 Gy will be assessed.

Materials and methods

Cohort characteristics and follow-up

The methods used to assemble the Massachusetts tuber-

culosis fluoroscopy cohort are detailed elsewhere [10, 14,

16]. Briefly, data collected from the medical records of

patients with a primary diagnosis of pulmonary tubercu-

losis between 1915 and 1968 and discharged alive from 12

Massachusetts hospitals were identified, and their medical

records were abstracted (Table 1). Cohort entry was

defined as the date of admission to one of the participating

institutions for treatment of tuberculosis. Of the 13,716

members of the full cohort, 144 were excluded for lack of

adequate follow-up information, and another 4 for missing

last exposure date, leaving an analysis dataset of 13,568

persons. This dataset is a slightly larger cohort than that

considered by Davis et al. [14], because we were more

successful at tracing the cohort members originally

assembled by Boice [16] and Davis et al. [14]. Data were

obtained on pneumothorax treatments, fluoroscopic X-ray

exposures (which took place between 1916 and 1961),

smoking and alcohol use, and information to assist in

locating study subjects. The vital status was determined as

of December 31, 2002. Deaths were retrospectively

ascertained from the Vital Statistics Offices in the state of

last known residence by linking to the mortality files of the

Social Security Administration and the National Death

Index and by contacting relatives and friends [16]. Vital

status was also confirmed through records from the post

office, motor vehicle departments, credit bureaus, and other

sources [14].

All causes of death on death certificates were coded

again using the ninth revision of the International Classi-

fication of Diseases (ICD-9). The current analysis describes

mortality from all circulatory diseases (ICD-9 codes

390–459), cerebrovascular diseases (CeVD) (ICD-9

430–438), IHD (ICD-9 codes 410–414), hypertensive heart

disease (ICD9 401–405), all heart disease (ICD-9

390–429), and other cardiovascular (non-CeVD, non-heart)

diseases (ICD-9 439–459) (see Table 1). These endpoints

were chosen a priori because they might be radiogenic [8].

Dosimetry

Dosimetry is described elsewhere [14]. Briefly, exposure

groups were defined by receipt of air-collapse therapy

(pneumothorax/pneumoperitoneum) as indicated on treat-

ment records. Air-collapse therapy was standard treatment

for tuberculosis in the 1920s–1940s and involved injecting

air into the pleural cavity to force lung tissue away from

the chest wall. Typically this procedure was repeated, with

the aid of a fluoroscopic examination, 2–3 times per month

Table 1 Causes of death for

13,568 patients in the

Massachusetts tuberculosis

fluoroscopy cohort more than

5 years after entry

Disease endpoint ICD9 codes Deaths

Cerebrovascular disease 430–438 472

Ischemic heart disease 410–414 1950

Non-ischemic heart disease 390–409, 415–429 588

Hypertensive heart disease 401–405 89

All other circulatory disease apart from heart ? cerebrovascular 439–459 211

All circulatory disease 390–459 3221

Person years 345,948

Persons 13,568

Mean lung dose, Gy (range) 0.36 (0.00–8.56)

Mean thyroid dose, Gy (range) 0.20 (0.00–4.61)

Mean red bone marrow dose, Gy (range) 0.04 (0.00–0.92)
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for over 2 years, and up to 5 years for patients with

advanced disease. The radiation dose absorbed by several

organs adjacent to the lung and exposed during the fluo-

roscopic procedures was estimated [17, 18]. This dosimetry

method accounted for the number of fluoroscopies, calen-

dar year of exposure, sex, age at treatment (\18, C18 years

of age), and phantom studies of organ-specific doses using

contemporary machine exposure settings to the extent

possible.

Cumulative lagged doses to the lung, red bone marrow

(RBM) and thyroid were estimated. We regard thyroid dose

as a surrogate for dose to the carotid artery, and lung dose

as a surrogate for dose to the heart; RBM dose was used

because of suggestions of immunologic effects in circula-

tory disease [19, 20]. Therefore we used thyroid dose to

analyze CeVD, and lung dose for all other circulatory

disease endpoints, with RBM dose being used for certain

sensitivity analyses (Table 6). For most analyses, cumula-

tive dose was lagged by 5 years, as in most previous

analyses of these endpoints [8].

Statistical methods

Each patient contributed person-years at risk from 5 years

after starting treatment (or entry into the study for those

unexposed) toDecember 31, 2002, or the date of death or last

date contacted, whichever occurred earlier. In sensitivity

analysis (not shown) we varied the exclusion period from

5 years to between 0 and 10 years. The fittedmodel assumed

that the expected number of deaths in stratum i with cumu-

lative lung/thyroid/RBM doseDi (in Gy), lung dose rateDRi

(Gy y-1), age at first exposure ai, time since last exposure ti,

and associated other covariates Xij

� �n
j¼1

is given by:

Table 3 Excess relative risks

for all circulatory disease

mortality in the Massachusetts

tuberculosis fluoroscopy cohort

and modification by groups of

demographic (age at entry,

years since entry, attained age)

and lifestyle (cigarette smoking,

alcohol consumption) variables

Deaths Person years of follow-up ERR/Gy (?95 % CI) p value

Overall 3221 345,948 -0.023 (-0.067, 0.028) 0.3574a

Age at first exposure, years

0–9b 1741 168,727 -0.422 (-0.424c, -0.420c) 0.7143d

10–19 149 38,977 0.002 (-0.101c, 0.105c)

20? 1331 138,244 -0.027 (-0.078c, 0.024c)

Years since last exposure, years

0–9b 1826 199,496 0.007 (-0.194c, 0.260) 0.4817d

10–19 156 43,731 -0.081 (-0.192c, 0.034)

20? 1239 102,722 -0.013 (-0.062, 0.043)

Age attained, years

0–49 176 139,403 -0.036 (-0.191c, 0.149) 0.1797d

50–69 1117 146,745 -0.067 (-0.131c, 0.001)

70? 1928 59,801 0.015 (-0.047, 0.087)

Dose rate (Gy/year)

0–0.29b 2220 223,803 -0.017 (-0.112, 0.093) 0.7189d

0.30–0.49 383 50,991 -0.003 (-0.065, 0.069)

0.50–9.99 343 43,136 -0.043 (-0.103, 0.028)

10.00? 275 28,019 0.224 (-0.392, 0.940)

Cigarette smoking

Never 774 119,892 -0.038 (-0.107, 0.051) 0.1635d

Ever 1492 164,861 -0.049 (-0.101, 0.017)

Unknown 955 61,195 0.060 (-0.038, 0.178)

Alcohol consumption

No 1782 206,727 -0.042 (-0.092, 0.019) 0.0075d

Yes 669 82,340 -0.086 (-0.166c, 0.006)

Unknown 770 56,881 0.131 (0.013, 0.274)

Unless otherwise indicated, all 95 % CI are profile-likelihood based, and all p values are 2-sided. The

background model is the optimal model given in Table 8
a p value for linear ERR coefficient versus null
b Includes unexposed group
c Wald-based CI
d p value for modification of linear ERR coefficient by indicated variate
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PYi exp
Xn

j¼1

Xijbj

" #

1þ aDi exp d1ðai � 26:20Þð½

þ d2ðti � 25:01Þ þ d3ðDRi � 10:44ÞÞ�
ð1Þ

wherePYi is the number of person-years of follow-up. Age at

first exposure, years since last exposure and dose rate (de-

fined as the total dose, multiplied by 365.24, and divided by

the number of days of irradiation) were centered by sub-

tracting their person-year weighted mean values over the

exposed part of the cohort, 26.20, 25.01 years, and

10.44 Gy year-1, respectively. For the purposes of the

interaction analysis in Tables 3 and 4 we fitted a slight

variant of this model in which for a given factor variable Xm

taking values 1; . . .;Mm the expected number of deaths is:

PYi exp
Xn

j¼1

Xijbj

" #

1þ
XMm

k¼1

1Xim¼kakDi exp d1ðai � 26:20Þð
"

þ d2ðti � 25:01Þ þ d3ðDRi � 10:44ÞÞ�
ð10Þ

It should be emphasized that the models used all incorpo-

rated the variables to be used (alcohol consumption,

cigarette smoking status, thoracoplasty status, pneu-

molobectomy status, tuberculous disease status, etc.) in the

background model, so that we are testing specifically the

adjustment to the radiation dose response. The only

exception related to the radiation-specific variables (age at

first exposure, years since last exposure, dose rate), which

cannot be incorporated in the background model.

Maximum likelihood techniques [21] were used to fit the

models with EPICURE [22] and thereby to estimate all the

above model parameters, in particular the ERR/Gy, a. All
tests were 2-sided with a specified type I error of 0.05, and

unless otherwise stated all confidence intervals for risk

estimates were derived from the profile likelihood [21]. A

forward stepwise procedure [21] determined the form of

the model of the underlying risk for each endpoint, in

relation to all factors other than radiation dose. Terms were

selected for inclusion in the model if a p value of 0.1 or less

was achieved by their incorporation. We only evaluated

interactions of sex 9 age and sex 9 calendar year, and

evaluated interactions as groups of variables, namely

sex 9 {ln[age], ln[age]2, …, ln[age]k}, and sex 9 {year,

year2, …, yearm}); the maximal exponents of ln[age], year,

namely k, m, were determined by the significance of the

Table 4 Excess relative risks

for all circulatory disease

mortality in the Massachusetts

tuberculosis fluoroscopy cohort

and modification by surgical

status (thoracoplasty,

pneumolobectomy, other

surgery) or maximal

tuberculosis disease status

Deaths Person years of follow-up ERR/Gy (?95 % CI) p value

Overall 3221 345,948 -0.023 (-0.067, 0.028) 0.3574a

Thoracoplasty status

No 2321 234,557 -0.026 (-0.079, 0.035) 0.5023b

Yes 609 56,283 0.026 (-0.075, 0.160)

Unknown 291 55,109 -0.067 (-0.166c, 0.054)

Pneumolobectomy status

No 2687 263,725 -0.036 (-0.084, 0.020) 0.0319b

Yes 187 22,056 0.252 (0.024, 0.579)

Unknown 347 60,167 -0.060 (-0.150c, 0.052)

Other surgery status

No 1448 153,388 -0.006 (-0.072, 0.075) 0.3891b

Yes 616 78,579 -0.007 (-0.081, 0.085)

Unknown 1157 113,982 -0.081 (-0.168c, 0.017)

Maximal tuberculosis disease status at diagnosis

Minimal 693 89,871 0.003 (-0.132c, 0.137c) 0.7673b

Moderate 1385 140,137 -0.009 (-0.079c, 0.061c)

Advanced 1028 83,333 -0.049 (-0.116c, 0.018c)

Childhood 76 27,556 -0.279 (-0.281c, -0.278c)

Other 31 3437 0.255 (-1.167c, 1.677c)

Unknown 8 1616 0.833 (-2.323c, 3.989c)

Unless otherwise indicated, all 95 % CI are profile-likelihood based. The background model is the optimal

model given in Table 8
a p value for linear ERR coefficient versus null
b p value for modification of linear ERR coefficient by indicated variate
c Wald-based CI

Circulatory disease mortality in the Massachusetts tuberculosis fluoroscopy cohort study 291
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Fig. 1 a Dose response for all circulatory disease, and all heart disease, with 95 % CI. b Dose response for cerebrovascular disease, and

hypertensive heart disease, with 95 % CI. Lower panel in each graph is low dose (\0.5 Gy) part of upper graph
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associated main effect. The criteria for selection of these

groups of interaction variables was the same as for all other

variables, namely a p value of 0.1 or less. The results of the

analysis of background rates are given in Tables 8, 9, 10,

11, 12, 13 and 14 by endpoint. The forward-stepwise

variable selection procedure we used to construct the

background rate models was not automated. Automatic

variable selection procedures can result in models in which

higher polynomial powers of a variable are used, but not all

lower order terms, and likewise can add interaction terms

without both the associated main effect terms, both of them

undesirable features of a model. Certain more automatic

forms of the variable selection procedure use a mixture of

forward (variable selection) and backward (variable elim-

ination) methods, with different p value thresholds for

selection and dropping of variables [23]; the choice of

p values requires some care. We have used an alternative

fully automatic method, described in ‘‘Appendix 2’’, using

Akaike’s information criterion (AIC) [24, 25] to choose an

optimal background model. Minimizing AIC is a standard

method of variable selection that avoids over-parame-

terised (and therefore over-fitted) models. AIC penalises

against overfitting by adding 2 9 [number of fitted

parameters] to the model deviance. The selected variables

for each endpoint are given in Table 15. The results of

using this automatically selected set of models are shown

in Table 16. A mixed forward–backward stepwise proce-

dure was used, implemented in R [26].

We also fitted a simple generalized additive model

(GAM) [27], in which the expected number of deaths is:

PYi exp
Xn

j¼1

Xijbj

" #

þ jDi

(

� exp
h1ðai � 26:20Þ þ h2ðti � 25:01Þ

þ h3ðDRi � 10:44Þ

 !) ð2Þ

Table 5 Excess relative risk (ERR) per Gy of various circulatory disease mortality endpoints by dose range examined

Dose

range,

Gy

ERR/Gy (?95 % CI), 2-sided p values

All circulatory disease CeVD All heart disease IHD Hypertensive heart disease

0–0.10 -1.998 (-4.189, 0.571) 3.453 (-3.636, 13.520) -2.478 (-4.832, 0.350) -2.144 (-4.940, 1.297) 0.300 (-16.990a, 24.720)

p value 0.1213 0.3897 0.0828 0.2059 0.9643

0–0.20 0.866 (-0.484, 2.411) 1.206 (-1.622, 5.115) 1.056 (-0.449, 2.801) 2.337 (0.458, 4.543) -4.968 (-8.420a, 4.104)

p value 0.2205 0.4503 0.1794 0.0126 0.1711

0–0.30 0.646 (-0.165, 1.569) 1.202 (-0.472, 3.379) 0.574 (-0.317, 1.601) 1.324 (0.212, 2.624) 0.212 (-2.966, 7.929)

p value 0.1237 0.1770 0.2191 0.0177 0.9333

0–0.50 0.345 (-0.032, 0.764) 0.343 (-0.536, 1.473) 0.352 (-0.067, 0.824) 0.465 (-0.032, 1.034) 0.801 (-1.226, 4.638)

p value 0.0743 0.4808 0.1032 0.0682 0.5349

Unless otherwise indicated, all 95 % CI are profile-likelihood based, and all p values are 2-sided. The background models are the optimal models

given in Tables 8, 9, 10, 11, 12, 13 and 14
a Wald-based CI

Table 6 Excess relative risk (ERR) per Gy of various circulatory disease mortality endpoints by organ dose used

Organ

dose

ERR/Gy (?95 % CI), 2-sided p values

All circulatory disease CeVD All heart disease IHD Hypertensive heart

disease

Lung 20.023 (20.067, 0.028) 0.075 (-0.050, 0.237) 20.042 (20.088, 0.013) 20.077 (20.130a, 20.012) 0.357 (20.043, 1.030)

Red bone

marrow

-0.209 (-0.608, 0.247) 0.676 (-0.458, 2.137) -0.378 (-0.797, 0.119) -0.700 (-1.185a, -0.118) 3.199 (-0.406, 9.271)

Thyroid -0.040 (-0.118, 0.048) 0.132 (20.088, 0.415) -0.073 (-0.155, 0.023) -0.136 (-0.230a, -0.023) 0.615 (-0.082, 1.788)

Unless otherwise indicated all 95 % CI are profile-likelihood based. Optimal assignments of organ dose are shown in boldface. The background

models are the optimal models given in Tables 8, 9, 10, 11, 12, 13 and 14
a Wald-based CI
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However, models other than that with the simplest

possible radiation effect term, with h1 ¼ h2 ¼ h3 ¼ 0,

proved generally numerically unstable (results not shown).

Therefore we present results only for this special case, the

constant excess absolute risk (EAR) model:

PYi exp
Xn

j¼1

Xijbj

" #

þ jDi

( )

ð20Þ

Inference relates to the EAR coefficient j. Further

details are given in Table 17. GAMs were fitted using

EPICURE [22] and R [26].

Results

Among persons followed for 5 or more years (345,948

person-years of follow-up), 3221 died of circulatory dis-

eases (Table 1). Overall, radiation had no marked effects

on the circulatory system when adjusting for various life-

style and environmental factors in the background (as per

Tables 8, 9, 10, 11, 12, 13 and 14). For all circulatory

disease, the ERR/Gy was -0.023 (95 % CI -0.067, 0.028,

p = 0.3574, Table 2). There are stronger indications of

excess risk for hypertensive heart disease (ERR/

Gy = 0.357, 95 % CI -0.043, 1.030, p = 0.0907,

Table 2). On the other hand, the dose–response for IHD

was negative (ERR/Gy = -0.077, 95 % CI -0.130,

-0.012, p = 0.0211, Table 2). The fits of the GAM

(Table 17) were also generally non-significant, and some

were numerically unstable.

Risk did not change significantly for any endpoint with

continuous modification by dose fractionation, age at entry,

or time since entry (Table 2). This lack of a marked effect

was also the case when factor (grouped) modifications of the

temporal and dose rate variables were employed (Table 3).

Cigarette smoking did not significantly modify radiation

risk, but the category of alcohol consumption did (p = 0.0075),

with statistically significant excess radiation risk in the group

whose alcohol consumption was unknown (Table 3).

Thoracoplasty, other surgery, and tuberculosis status did

not significantly modify all circulatory disease radiation

risk (p[ 0.2), but pneumolobectomy did (p = 0.0319),

with radiation risk highest (and statistically significant)

among those reporting a pneumolobectomy (ERR/

Gy = 0.252; 95 % CI 0.024, 0.579; Table 4).

Risk in the low-dose region fluctuated considerably,

with indications of excess risk for some endpoints (Fig. 1).

If the dose range was restricted to less than 0.5 Gy, bor-

derline significant elevations in ERR were associated with

all circulatory disease (ERR/Gy = 0.345; 95 % CI -0.032,

0.764; p = 0.0743), IHD (ERR/Gy = 0.465; 95 % CI

-0.032, 1.034; p = 0.0682), and for all heart disease

(ERR/Gy = 0.352; 95 % CI -0.067, 0.824; p = 0.1032)

(Table 5).

Different organ doses were associated with a consider-

able range in risks (Table 6). Risks are particularly large in

relation to RBM dose, the use of which increases the ERR/

Gy for CeVD more than five-fold (to 0.676, compared with

0.132 for thyroid dose).

The main results used a follow-up period starting

5 years after entry (for those not exposed) or 5 years after

last exposure (for those exposed), with cumulative doses

lagged by 5 years. The results were essentially unchanged

when these exclusion and lagging periods were varied

between 0 and 10 years (results not shown). The results of

using an automatically selected set of background models,

selected to minimize AIC, are shown in Table 16. Com-

parison of this table with Table 2 indicates that very similar

inference results from using this alternative set of back-

ground models.

Discussion

We found no strong evidence of radiation-associated

excess risks for the all-circulatory disease mortality end-

point. Over the full dose range, there were borderline sig-

nificant (p & 0.1) indications of an excess risk for

hypertensive heart disease. Borderline significant

(0.05\ p B 0.10) increasing trends were found for all

circulatory disease, IHD, and all heart disease when dose

was restricted to \0.5 Gy. Significant excess risk was

found for pneumolobectomy. Dose fractionation, age at

entry, and time since entry, did not modify radiation risk

for circulatory mortality.

The absence of any fractionation effect in the present

data contrasts with the inverse fractionation effect observed

in the Canadian tuberculosis data [15]. However, the

cohorts and analytical methods of these two studies differ

in several ways. The significant dose-fractionation effect

observed in the Canadian study was estimated for 10-year

lagged lung doses, whereas we used 5-year lagged doses.

When Canadian data were re-analyzed with the 5-year lag,

the dose-fractionation was attenuated and no longer sig-

nificant [15]. Whereas the Canadian study used time-de-

pendent annual lung doses [15], we relied on cumulative

lung and thyroid doses. We also defined dose rate differ-

ently. The Canadian study used actual days under treatment

and fluoroscopy screening [15], and we defined duration of

exposure as the difference between the dates of the first and
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last fluoroscopy. The two populations also differ, e.g., the

Canadian cohort has different calendar times of exposure

(1930–1952 vs 1901–1962 in our study). However, risks in

the present cohort are entirely consistent with the overall

pattern of risk (without adjusting for fractionation) in the

Canadian data (Table 7).

Several authors and committees have reviewed evidence

for excess risk of circulatory disease in groups exposed to

low and moderate doses of radiation (mean dose\ 0.5 Gy)

[8, 9, 28]. For example, a recent systematic review andmeta-

analysis [8] documented statistically significant excess risk

for three of the four major subtypes of circulatory disease.

The risks in the present study, when evaluated over the full

dose range or when restricted to less than 0.5 Gy, are similar

to results in most other radiation-exposed groups (Table 7).

The candidate biological mechanisms for the circulatory

disease effects of radiation have been recently reviewed [9,

28, 29]. At high radiotherapeutic doses ([5 Gy), the cell-

killing effect on capillaries and endothelial cells plausibly

explains effects on the heart and other parts of the circu-

latory system [29]. At lower doses (0.5–5 Gy), in humans

and in in vivo and in vitro experiments, many inflammatory

markers are upregulated long after exposure to radiation,

although for exposures less than about 0.5 Gy, the balance

shifts toward anti-inflammatory effects [9, 28, 30], imply-

ing that the initiating mechanisms for adverse effects in this

dose range would not directly result from inflammation. A

recent analysis of death from renal failure in the Life Span

Study suggests that radiation-induced renal dysfunction

may be a factor in increasing the risk of circulatory disease

[31], and some experimental data support this suggestion

[32].

We used thyroid dose (a surrogate for dose to the carotid

artery) to analyze CeVD, and (as in the Canadian tuber-

culosis analysis [15]) lung dose (a surrogate for heart dose)

to analyze all other endpoints. One would expect carotid

artery dose to be higher than thyroid dose, but that lung

dose is probably lower than heart dose; estimates of both

the heart and carotid dose may be wrong by a factor of 2

[33].

Dose-related variations in T cell and B-cell popula-

tions in Japanese atomic-bomb survivors suggest that

radiation may harm the immune system [34] at

doses[ 1.5 Gy, implying that whole-body or RBM dose

might be the most relevant to the radiation effects of the

associated systems. Although other evidence implicates

infections and the immune system in cardiovascular

disease [19, 35, 36], the negative findings of two ran-

domized-controlled trials of antibiotic administration [37,

38] suggest that bacterial infection is not likely involved

in circulatory disease. The somewhat high (albeit non-

significant) risks for hypertensive heart disease and

CeVD if RBM dose is used (Table 6) (weakly) suggest

that dose to this tissue may not be relevant for these

endpoints. There is biological data suggesting radiation-

associated senescence of monocytes [39], and a some-

what similar mechanism based on monocyte cell killing

in the arterial intima suggests that the arterial intima

may be causally associated with initiating atheroma in

the arterial wall [40] (although there are many other

stages between that point and plaque rupture [41, 42]),

so that mean arterial dose might be the most relevant

organ or tissue dose for studying circulatory disease.

Several recent reviews [8, 9, 28, 43] describe the

abundant radiobiological reasons for considering the

studies of moderate and low doses separately from

studies of high doses. The mechanisms relevant for

lower doses are likely to differ from those relevant at

higher (e.g., radiotherapeutic) doses. However, risks in

studies of medically-exposed groups, with relevant organ

doses usually well above 0.5 Gy, are generally consistent

with those in populations exposed at the much lower

doses and dose rates discussed above [3–6, 44], sug-

gesting that mechanisms operating at high doses and

high dose rates may be similar to those at low doses and

dose rates. The fact that the IHD risks using mean heart

dose in these high-dose/partial-body exposed groups are

similar to the risks in the generally uniformly whole-

body-exposed groups using whole-body dose discussed

above (Table 7) also suggests that mean dose to the

heart is the most relevant metric for predicting radiation-

associated IHD [44]. In the current analysis, we used

lung dose as a surrogate for heart dose.

Epidemiological research has identified specific

hereditary and lifestyle risk factors for circulatory dis-

ease, including male sex, family history of heart disease,

cigarette smoking, diabetes, high blood pressure, obesity,

increased low-density lipoprotein cholesterol, and

decreased high-density lipoprotein cholesterol plasma

concentrations [45–47]. Many studies lack this informa-

tion on lifestyle factors. Of the studies considered in

Table 7 only those of the Japanese atomic-bomb sur-

vivors [7, 48], Mayak workers [49, 50], and Canadian

fluoroscopy patients [15] had such information. Some

lifestyle factors were included in the Nordic breast

cancer case–control study [4], and specific medical fac-

tors (surgery, thoracoplasty, pneumolobectomy), alcohol

consumption, and cigarette smoking were included in the

cohort considered here. Cigarette smoking did not mod-

ify the dose response in the present cohort, although
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unknown alcohol consumption and pneumolobectomy did

(Tables 3, 4). However, the importance of these findings

is unclear, and they may best be interpreted as the

effects of chance. In all other radiation-exposed groups

with such information there is no evidence that lifestyle

factors interacted with radiation risk [4, 7, 48–50].

Strengths of the study include the fact that results are

based on a long-term follow-up of a large cohort of sub-

jects of both sexes exposed at different ages. Risks could be

evaluated from low-to-moderate radiation doses protracted

over time. Dose was evaluated to a number of organs, in

particular to the lung, which should be a reasonable sur-

rogate to dose to the heart (as discussed above). The out-

come and exposure information are both register-based, so

most biases (e.g., due to misclassification of exposure or

outcome) are unlikely. As noted above we have informa-

tion on certain lifestyle and medical variables. A weakness

of the study is that there are many other lifestyle and

medical risk factors for circulatory disease that we lack

information on. These include diabetes, hypertension, and

obesity (and related to that exercise). It is possible that

these may confound the radiation dose response that we

observe. However, as discussed above, there is little

information in other studies to suggest interactions of such

variables with radiation risk.

The International Commission on Radiological Protec-

tion has classified circulatory disease as a tissue reaction

effect [51], with a threshold dose of 0.5 Gy. The threshold

was derived by fitting a linear model to epidemiologic data

and selecting the dose below which there was less than a

1 % chance of an effect. As such this does not represent a

true no-effect dose threshold. Schöllnberger et al. [52],

analyzing somewhat older Japanese atomic bomb survivor

data, concluded that for CeVD and cardiovascular disease,

risk estimates are compatible with no risk below threshold

doses of 0.62 and 2.19 Gy respectively. However, this

analysis is controversial [53]. The analysis of Table 5

suggests that a threshold of the order of 0.5 Gy is mar-

ginally inconsistent with the pattern of radiogenic excess

risk observed in the Massachusetts tuberculosis fluo-

roscopy sub-cohort.

In summary, we found no strong evidence of radia-

tion-associated excess risks for the circulatory disease

overall. In contrast to the findings in the generally

similar (although somewhat larger) Canadian TB fluo-

roscopy cohort, there was no indication of an inverse

fractionation effect. However, borderline significant

increasing trends were observed for all circulatory dis-

ease, ischemic heart disease, and all heart disease when

dose was restricted to \0.5 Gy. The magnitude of the

trends both overall and \0.5 Gy are consistent with

those in other groups exposed at moderate and low

doses. However, the indications of a much steeper low

dose slope are unexpected, and should be tested against

other data.

Acknowledgments MPL and AVB were supported by the

Intramural Research Program of the National Institutes of

Health, the National Cancer Institute (NCI), Division of Cancer

Epidemiology and Genetics, and LBZ by NCI grants

5K07CA132918 and 1R03CA188614. The authors are grateful

for the detailed and helpful comments of Dr Marvin Rosenstein

and a referee.

Compliance with ethical standards

Conflict of interest The authors report no financial conflicts of

interest.

Appendix 1: Background models selected

See Tables 8, 9, 10, 11, 12, 13 and 14.

298 M. P. Little et al.

123



T
a
b
le

8
A
n
al
y
si
s
o
f
d
ev
ia
n
ce

o
f
al
l
ci
rc
u
la
to
ry

d
is
ea
se

m
o
rt
al
it
y

M
o
d
el

n
u
m
b
er

M
o
d
el

d
es
cr
ip
ti
o
n

D
ev
ia
n
ce

(d
f)

p
v
al
u
e

1
C
o
n
st
an
t

2
9
,7
1
6
.6
1
(2
3
3
,8
0
3
)

2
C
o
n
st
an
t
?

ln
[a
g
e]

2
5
,5
3
1
.2
7
(2
3
3
,8
0
2
)

\
0
.0
0
0
1

3
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
2
5
,4
8
7
.4
7
(2
3
3
,8
0
1
)

\
0
.0
0
0
1

4
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
2
5
,4
8
6
.0
9
(2
3
3
,8
0
0
)

0
.2
4
1
5

5
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
2
5
,4
8
4
.8
1
(2
3
3
,7
9
9
)

0
.2
5
7
2

6
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
2
5
,4
8
4
.7
3
(2
3
3
,7
9
8
)

0
.7
8
2
8

7
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
?

ln
[a
g
e]

6
2
5
,4
8
0
.3
8
(2
3
3
,7
9
7
)

0
.0
3
6
9

8
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x

2
5
,0
6
5
.8
3
(2
3
3
,8
0
0
)

\
0
.0
0
0
1
a

9
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r

2
4
,7
5
8
.6
7
(2
3
3
,7
9
9
)

\
0
.0
0
0
1

1
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

2
4
,7
5
8
.6
4
(2
3
3
,7
9
8
)

0
.8
6
4
8

1
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

2
4
,7
3
9
.9
9
(2
3
3
,7
9
7
)

\
0
.0
0
0
1

1
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

2
4
,7
3
3
.2
0
(2
3
3
,7
9
6
)

0
.0
0
9
1

1
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

2
4
,7
2
9
.7
7
(2
3
3
,7
9
5
)

0
.0
6
4
3

1
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
y
ea
r6

2
4
,7
2
9
.1
4
(2
3
3
,7
9
4
)

0
.4
2
4
4

1
5

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g

2
4
,5
3
5
.5
5
(2
3
3
,7
9
3
)

\
0
.0
0
0
1
b

1
6

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l

2
4
,4
8
3
.1
8
(2
3
3
,7
9
1
)

\
0
.0
0
0
1

1
7

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y

2
4
,4
7
1
.1
8
(2
3
3
,7
8
9
)

0
.0
0
2
5

1
8

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y

2
4
,4
3
9
.0
4
(2
3
3
,7
8
7
)

\
0
.0
0
0
1

1
9

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y

2
4
,4
3
0
.8
8
(2
3
3
,7
8
5
)

0
.0
1
6
8

2
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt

2
4
,4
2
4
.8
2
(2
3
3
,7
8
3
)

0
.0
4
8
4

2
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e

2
4
,3
9
8
.0
3
(2
3
3
,7
7
8
)

\
0
.0
0
0
1

2
2

C
o
n
st
a
n
t
1

ln
[a
g
e]

1
ln
[a
g
e]

2
1

se
x
1

y
ea
r
1

y
ea
r2

1
y
ea
r3

1
y
ea
r4

1
y
ea
r5

1
sm

o
k
in
g
1

a
lc
o
h
o
l
1

o
th
er

lu
n
g

su
rg
er
y
1

th
o
ra
co
p
la
st
y
1

p
n
eu
m
o
lo
b
ec
to
m
y
1

st
u
d
y
co
h
o
rt

1
T
B

ty
p
e
1

se
x
9

{l
n
[a
g
e]
,
ln
[a
g
e]

2
}

2
4
,3
3
2
.4
5
(2
3
3
,7
7
6
)

<
0
.0
0
0
1

2
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e
?

se
x
9

{
ln
[a
g
e]
,
ln
[a
g
e]

2
,
y
ea
r,
y
ea
r2
,
…

,
y
ea
r5
}

2
4
,3
3
0
.9
4
(2
3
3
,7
7
1
)

0
.9
1
1
4

U
n
le
ss

o
th
er
w
is
e
st
at
ed
,
al
l
p
v
al
u
es

re
fe
r
to

th
e
im

p
ro
v
em

en
t
in

fi
t
o
f
th
e
m
o
d
el

in
a
g
iv
en

ro
w

o
f
th
e
ta
b
le

o
v
er

th
at

in
th
e
ro
w

ab
o
v
e.

O
p
ti
m
al

m
o
d
el

is
sh
o
w
n
in

b
o
ld
fa
ce

a
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

8
v
er
su
s
m
o
d
el

3
b
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

1
5
v
er
su
s
m
o
d
el

1
3

Circulatory disease mortality in the Massachusetts tuberculosis fluoroscopy cohort study 299

123



T
a
b
le

9
A
n
al
y
si
s
o
f
d
ev
ia
n
ce

o
f
al
l
ce
re
b
ro
v
as
cu
la
r
d
is
ea
se

m
o
rt
al
it
y

M
o
d
el

n
u
m
b
er

M
o
d
el

d
es
cr
ip
ti
o
n

D
ev
ia
n
ce

(d
f)

p
v
al
u
e

1
C
o
n
st
an
t

6
1
7
7
.7
5
(2
3
3
,8
0
3
)

2
C
o
n
st
an
t
?

ln
[a
g
e]

5
3
6
7
.1
4
(2
3
3
,8
0
2
)

\
0
.0
0
0
1

3
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
5
3
5
1
.2
2
(2
3
3
,8
0
1
)

\
0
.0
0
0
1

4
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
5
3
4
9
.2
9
(2
3
3
,8
0
0
)

0
.1
6
5
6

5
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
5
3
4
5
.5
6
(2
3
3
,7
9
9
)

0
.0
5
3
3

6
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
5
3
4
5
.4
0
(2
3
3
,7
9
8
)

0
.6
9
1
0

7
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
?

ln
[a
g
e]

6
5
3
4
1
.2
1
(2
3
3
,7
9
7
)

0
.0
4
0
8

8
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x

5
3
2
3
.9
2
(2
3
3
,7
9
8
)

\
0
.0
0
0
1
a

9
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r

5
2
5
4
.3
2
(2
3
3
,7
9
7
)

\
0
.0
0
0
1

1
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

5
2
5
4
.2
8
(2
3
3
,7
9
6
)

0
.8
4
9
5

1
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

5
2
3
0
.1
2
(2
3
3
,7
9
5
)

\
0
.0
0
0
1

1
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

5
2
1
6
.8
2
(2
3
3
,7
9
4
)

0
.0
0
0
3

1
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

5
2
1
4
.6
1
(2
3
3
,7
9
3
)

0
.1
3
7
4

1
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
y
ea
r6

5
2
1
3
.2
6
(2
3
3
,7
9
2
)

0
.2
4
4
8

1
5

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
sm

o
k
in
g

5
1
7
0
.9
5
(2
3
3
,7
9
2
)

\
0
.0
0
0
1
b

1
6

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
sm

o
k
in
g
?

al
co
h
o
l

5
1
6
6
.3
9
(2
3
3
,7
9
0
)

0
.1
0
2
4

1
7

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y

5
1
6
2
.6
3
(2
3
3
,7
8
8
)

0
.1
5
2
7

1
8

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
sm

o
k
in
g
?

al
co
h
o
l

?
o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y

5
1
5
7
.9
7
(2
3
3
,7
8
6
)

0
.0
9
7
3

1
9

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y

5
1
5
7
.0
4
(2
3
3
,7
8
4
)

0
.6
2
8
1

2
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt

5
1
5
5
.7
3
(2
3
3
,7
8
2
)

0
.5
1
8
7

2
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e

5
1
5
2
.1
9
(2
3
3
,7
7
7
)

0
.6
1
7
6

2
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e
?

se
x
9

{
ln
[a
g
e]

?
…

?
ln
[a
g
e]

4
}

5
1
4
2
.7
2
(2
3
3
,7
7
3
)

0
.0
5
0
3

2
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e
?

se
x
9

{
ln
[a
g
e]

?
…

?
ln
[a
g
e]

4
?

y
ea
r
?

…
?

y
ea
r4
}

5
1
4
1
.4
0
(2
3
3
,7
6
8
)

0
.9
3
2
4

2
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
sm

o
k
in
g
?

th
o
ra
co
p
la
st
y

?
se
x
9

{
ln
[a
g
e]

?
…

?
ln
[a
g
e]

4
}

5
1
5
7
.2
5
(2
3
3
,7
8
6
)

–

U
n
le
ss

o
th
er
w
is
e
st
at
ed
,
al
l
p
v
al
u
es

re
fe
r
to

th
e
im

p
ro
v
em

en
t
in

fi
t
o
f
th
e
m
o
d
el

in
a
g
iv
en

ro
w

o
f
th
e
ta
b
le

o
v
er

th
at

in
th
e
ro
w

ab
o
v
e.

O
p
ti
m
al

m
o
d
el

is
g
iv
en

at
th
e
b
o
tt
o
m

o
f
th
e
ta
b
le

a
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

8
v
er
su
s
m
o
d
el

5
b
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

1
5
v
er
su
s
m
o
d
el

1
2

300 M. P. Little et al.

123



T
a
b
le

1
0

A
n
al
y
si
s
o
f
d
ev
ia
n
ce

o
f
al
l
h
ea
rt
d
is
ea
se

m
o
rt
al
it
y

M
o
d
el

n
u
m
b
er

M
o
d
el

d
es
cr
ip
ti
o
n

D
ev
ia
n
ce

(d
f)

p
v
al
u
e

1
C
o
n
st
an
t

2
4
,5
9
0
.2
2
(2
3
3
,8
0
3
)

2
C
o
n
st
an
t
?

ln
[a
g
e]

2
1
,5
4
9
.8
2
(2
3
3
,8
0
2
)

\
0
.0
0
0
1

3
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
2
1
,5
2
5
.0
0
(2
3
3
,8
0
1
)

\
0
.0
0
0
1

4
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
2
1
,5
2
4
.3
6
(2
3
3
,8
0
0
)

0
.4
2
2
6

5
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
2
1
,5
2
2
.1
5
(2
3
3
,7
9
9
)

0
.1
3
7
4

6
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
2
1
,5
2
0
.6
6
(2
3
3
,7
9
8
)

0
.2
2
2
2

7
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
?

ln
[a
g
e]

6
2
1
,5
1
8
.2
7
(2
3
3
,7
9
7
)

0
.1
2
2
1

8
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x

2
1
,1
6
0
.9
6
(2
3
3
,8
0
0
)

\
0
.0
0
0
1
a

9
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r

2
0
,9
4
6
.5
2
(2
3
3
,7
9
9
)

\
0
.0
0
0
1

1
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

2
0
,9
4
6
.5
0
(2
3
3
,7
9
8
)

0
.8
7
9
5

1
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

2
0
,9
3
9
.5
0
(2
3
3
,7
9
7
)

0
.0
0
8
1

1
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

2
0
,9
3
7
.7
6
(2
3
3
,7
9
6
)

0
.1
8
7
3

1
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

2
0
,9
3
7
.0
6
(2
3
3
,7
9
5
)

0
.4
0
2
8

1
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
y
ea
r6

2
0
,9
3
7
.0
6
(2
3
3
,7
9
4
)

0
.9
5
6
3

1
5

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g

2
0
,8
0
3
.9
5
(2
3
3
,7
9
5
)

\
0
.0
0
0
1
b

1
6

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l

2
0
,7
5
2
.0
0
(2
3
3
,7
9
3
)

\
0
.0
0
0
1

1
7

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y

2
0
,7
4
2
.8
1
(2
3
3
,7
9
1
)

0
.0
1
0
1

1
8

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y

2
0
,7
1
0
.9
6
(2
3
3
,7
8
9
)

\
0
.0
0
0
1

1
9

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y

2
0
,6
9
7
.2
5
(2
3
3
,7
8
7
)

0
.0
0
1
1

2
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt

2
0
,6
9
1
.3
3
(2
3
3
,7
8
5
)

0
.0
5
1
9

2
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e

2
0
,6
7
0
.7
5
(2
3
3
,7
8
0
)

0
.0
0
1
0

2
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e
?

se
x
9

{
ln
[a
g
e]
,
ln
[a
g
e]

2
}

2
0
,6
0
2
.5
2
(2
3
3
,7
7
8
)

\
0
.0
0
0
1

2
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e
?

se
x
9

{
ln
[a
g
e]
,
ln
[a
g
e]

2
,
y
ea
r,
…

,
y
ea
r3
}

2
0
,6
0
2
.5
1
(2
3
3
,7
7
5
)

0
.9
9
9
8

2
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e
?

se
x
9

{
ln
[a
g
e]
,
ln
[a
g
e]

2
}

2
0
,6
0
2
.5
2
(2
3
3
,7
7
8
)

–

U
n
le
ss

o
th
er
w
is
e
st
at
ed
,
al
l
p
v
al
u
es

re
fe
r
to

th
e
im

p
ro
v
em

en
t
in

fi
t
o
f
th
e
m
o
d
el

in
a
g
iv
en

ro
w

o
f
th
e
ta
b
le

o
v
er

th
at

in
th
e
ro
w

ab
o
v
e.

O
p
ti
m
al

m
o
d
el

is
g
iv
en

at
th
e
b
o
tt
o
m

o
f
th
e
ta
b
le

a
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

8
v
er
su
s
m
o
d
el

3
b
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

1
5
v
er
su
s
m
o
d
el

1
1

Circulatory disease mortality in the Massachusetts tuberculosis fluoroscopy cohort study 301

123



T
a
b
le

1
1

A
n
al
y
si
s
o
f
d
ev
ia
n
ce

o
f
is
ch
em

ic
h
ea
rt
d
is
ea
se

m
o
rt
al
it
y

M
o
d
el

n
u
m
b
er

M
o
d
el

d
es
cr
ip
ti
o
n

D
ev
ia
n
ce

(d
f)

p
v
al
u
e

1
C
o
n
st
an
t

1
9
,9
6
2
.2
8
(2
3
3
,8
0
3
)

–

2
C
o
n
st
an
t
?

ln
[a
g
e]

1
7
,6
2
2
.5
9
(2
3
3
,8
0
2
)

\
0
.0
0
0
1

3
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
1
7
,6
2
1
.5
3
(2
3
3
,8
0
1
)

0
.3
0
3
0

4
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
1
7
,6
1
8
.3
5
(2
3
3
,8
0
0
)

0
.0
7
4
5

5
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
1
7
,6
1
8
.3
2
(2
3
3
,7
9
9
)

0
.8
7
4
4

6
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
1
7
,6
1
8
.2
5
(2
3
3
,7
9
8
)

0
.7
8
2
8

7
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
?

ln
[a
g
e]

6
1
7
,6
1
7
.2
2
(2
3
3
,7
9
7
)

0
.3
1
1
1

8
C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x

1
7
,2
0
8
.5
6
(2
3
3
,8
0
1
)

\
0
.0
0
0
1
a

9
C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r

1
6
,9
5
9
.9
4
(2
3
3
,8
0
0
)

\
0
.0
0
0
1

1
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

1
6
,9
3
5
.8
9
(2
3
3
,7
9
9
)

\
0
.0
0
0
1

1
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

1
6
,9
2
9
.1
7
(2
3
3
,7
9
8
)

0
.0
0
9
6

1
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

1
6
,9
2
8
.6
8
(2
3
3
,7
9
7
)

0
.4
8
0
8

1
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

1
6
,9
2
8
.1
9
(2
3
3
,7
9
6
)

0
.4
8
3
9

1
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
y
ea
r6

1
6
,9
2
8
.1
8
(2
3
3
,7
9
5
)

0
.9
5
6
3

1
5

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g

1
6
,8
0
4
.0
3
(2
3
3
,7
9
6
)

\
0
.0
0
0
1
b

1
6

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l

1
6
,7
7
0
.1
3
(2
3
3
,7
9
4
)

\
0
.0
0
0
1

1
7

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y

1
6
,7
6
3
.7
4
(2
3
3
,7
9
2
)

0
.0
4
1
0

1
8

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y

1
6
,7
4
1
.3
0
(2
3
3
,7
9
0
)

\
0
.0
0
0
1

1
9

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y

1
6
,7
2
9
.4
1
(2
3
3
,7
8
8
)

0
.0
0
2
6

2
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt

1
6
,7
2
5
.2
4
(2
3
3
,7
8
6
)

0
.1
2
4
6

2
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e

1
6
,7
1
5
.1
2
(2
3
3
,7
8
1
)

0
.0
7
2
0

2
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e
?

se
x
9

ln
[a
g
e]

1
6
,6
5
8
.6
9
(2
3
3
,7
8
0
)

\
0
.0
0
0
1

2
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e
?

se
x
9

{
ln
[a
g
e]
,
y
ea
r,
…
,
y
ea
r3
}

1
6
,6
5
8
.4
8
(2
3
3
,7
7
7
)

0
.9
7
6
1

2
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

T
B

ty
p
e
?

se
x
9

ln
[a
g
e]

1
6
,6
6
3
.4
5
(2
3
3
,7
8
2
)

–

U
n
le
ss

o
th
er
w
is
e
st
at
ed
,
al
l
p
v
al
u
es

re
fe
r
to

th
e
im

p
ro
v
em

en
t
in

fi
t
o
f
th
e
m
o
d
el

in
a
g
iv
en

ro
w

o
f
th
e
ta
b
le

o
v
er

th
at

in
th
e
ro
w

ab
o
v
e.

O
p
ti
m
al

m
o
d
el

is
g
iv
en

at
th
e
b
o
tt
o
m

o
f
th
e
ta
b
le

a
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

8
v
er
su
s
m
o
d
el

2
b
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

1
5
v
er
su
s
m
o
d
el

1
1

302 M. P. Little et al.

123



T
a
b
le

1
2

A
n
al
y
si
s
o
f
d
ev
ia
n
ce

o
f
n
o
n
-i
sc
h
em

ic
h
ea
rt
d
is
ea
se

m
o
rt
al
it
y

M
o
d
el

n
u
m
b
er

M
o
d
el

d
es
cr
ip
ti
o
n

D
ev
ia
n
ce

(d
f)

p
v
al
u
e

1
C
o
n
st
an
t

7
3
6
6
.2
0
(2
3
3
,8
0
3
)

–

2
C
o
n
st
an
t
?

ln
[a
g
e]

6
6
6
5
.4
8
(2
3
3
,8
0
2
)

\
0
.0
0
0
1

3
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
6
5
8
3
.4
7
(2
3
3
,8
0
1
)

\
0
.0
0
0
1

4
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
6
5
5
9
.5
9
(2
3
3
,8
0
0
)

\
0
.0
0
0
1

5
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
6
5
5
8
.3
1
(2
3
3
,7
9
9
)

0
.2
5
7
7

6
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
6
5
5
8
.2
8
(2
3
3
,7
9
8
)

0
.8
7
6
9

7
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
?

ln
[a
g
e]

6
6
5
5
3
.7
2
(2
3
3
,7
9
7
)

0
.0
3
2
6

8
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x

6
5
5
2
.9
2
(2
3
3
,7
9
9
)

0
.0
0
9
8
a

9
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r

6
5
5
1
.6
7
(2
3
3
,7
9
8
)

0
.2
6
4
7

1
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

6
4
8
3
.6
5
(2
3
3
,7
9
7
)

\
0
.0
0
0
1

1
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

6
4
8
3
.6
5
(2
3
3
,7
9
6
)

0
.9
5
6
3

1
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

6
4
8
0
.6
4
(2
3
3
,7
9
5
)

0
.0
8
2
9

1
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

6
4
7
1
.7
4
(2
3
3
,7
9
4
)

0
.0
0
2
9

1
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
y
ea
r6

6
4
7
1
.4
7
(2
3
3
,7
9
3
)

0
.6
0
2
7

1
5

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g

6
4
5
4
.4
4
(2
3
3
,7
9
2
)

0
.0
0
0
2
b

1
6

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l

6
4
3
1
.9
6
(2
3
3
,7
9
0
)

\
0
.0
0
0
1

1
7

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y

6
4
2
8
.9
4
(2
3
3
,7
8
8
)

0
.2
2
1
5

1
8

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y

6
4
1
9
.0
1
(2
3
3
,7
8
6
)

0
.0
0
7
0

1
9

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y

6
4
1
6
.4
2
(2
3
3
,7
8
4
)

0
.2
7
3
9

2
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt

6
4
1
1
.6
8
(2
3
3
,7
8
2
)

0
.0
9
3
4

2
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B

ty
p
e

6
3
9
6
.6
2
(2
3
3
,7
7
7
)

0
.0
1
0
1

2
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B

ty
p
e
?

se
x
9

{
ln
[a
g
e]
,…

,
ln
[a
g
e]

3
}

6
3
9
1
.0
0
(2
3
3
,7
7
4
)

0
.1
3
1
7

2
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B

ty
p
e
?

se
x
9

{
ln
[a
g
e]
,…

,
ln
[a
g
e]

3
,
y
ea
r,
…
,
y
ea
r5
}

6
3
8
5
.2
0
(2
3
3
,7
6
9
)

0
.3
2
5
9

2
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
sm

o
k
in
g
?

al
co
h
o
l
?

th
o
ra
co
p
la
st
y
?

st
u
d
y

co
h
o
rt
?

T
B

ty
p
e

6
3
9
9
.2
6
(2
3
3
,7
8
1
)

–

U
n
le
ss

o
th
er
w
is
e
st
at
ed
,
al
l
p
v
al
u
es

re
fe
r
to

th
e
im

p
ro
v
em

en
t
in

fi
t
o
f
th
e
m
o
d
el

in
a
g
iv
en

ro
w

o
f
th
e
ta
b
le

o
v
er

th
at

in
th
e
ro
w

ab
o
v
e.

O
p
ti
m
al

m
o
d
el

is
g
iv
en

at
th
e
b
o
tt
o
m

o
f
th
e
ta
b
le

a
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

8
v
er
su
s
m
o
d
el

3
b
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

1
5
v
er
su
s
m
o
d
el

1
3

Circulatory disease mortality in the Massachusetts tuberculosis fluoroscopy cohort study 303

123



T
a
b
le

1
3

A
n
al
y
si
s
o
f
d
ev
ia
n
ce

o
f
h
y
p
er
te
n
si
v
e
h
ea
rt
d
is
ea
se

m
o
rt
al
it
y

M
o
d
el

n
u
m
b
er

M
o
d
el

d
es
cr
ip
ti
o
n

D
ev
ia
n
ce

(d
f)

p
v
al
u
e

1
C
o
n
st
an
t

1
4
6
9
.5
8
(2
3
3
,8
0
3
)

\
0
.0
0
0
1

2
C
o
n
st
an
t
?

ln
[a
g
e]

1
3
7
5
.8
0
(2
3
3
,8
0
2
)

\
0
.0
0
0
1

3
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
1
3
7
3
.7
4
(2
3
3
,8
0
1
)

0
.1
5
1
0

4
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
1
3
7
2
.7
1
(2
3
3
,8
0
0
)

0
.3
1
1
1

5
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
1
3
7
2
.6
3
(2
3
3
,7
9
9
)

0
.7
6
8
0

6
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
1
3
7
1
.4
8
(2
3
3
,7
9
8
)

0
.2
8
3
1

7
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
?

ln
[a
g
e]

6
1
3
7
0
.2
1
(2
3
3
,7
9
7
)

0
.2
6
0
0

8
C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x

1
3
7
4
.3
8
(2
3
3
,8
0
1
)

0
.2
3
3
4
a

9
C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r

1
3
4
5
.4
0
(2
3
3
,8
0
1
)

\
0
.0
0
0
1

1
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

1
3
3
1
.5
5
(2
3
3
,8
0
0
)

0
.0
0
0
2

1
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

?
y
ea
r3

1
3
2
1
.2
1
(2
3
3
,7
9
9
)

0
.0
0
1
3

1
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

1
3
1
9
.5
1
(2
3
3
,7
9
8
)

0
.1
9
1
1

1
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

1
3
1
7
.9
6
(2
3
3
,7
9
7
)

0
.2
1
4
2

1
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
y
ea
r6

1
3
1
7
.0
5
(2
3
3
,7
9
6
)

0
.3
3
9
3

1
5

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g

1
3
1
6
.8
6
(2
3
3
,7
9
7
)

0
.1
1
3
4
b

1
6

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l

1
3
1
1
.7
8
(2
3
3
,7
9
5
)

0
.0
7
9
0

1
7

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y

1
3
1
1
.6
8
(2
3
3
,7
9
3
)

0
.9
4
9
8

1
8

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y

1
3
0
4
.1
3
(2
3
3
,7
9
1
)

0
.0
2
2
9

1
9

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y

1
3
0
3
.9
9
(2
3
3
,7
8
9
)

0
.9
3
3
3

2
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt

1
3
0
0
.0
8
(2
3
3
,7
8
7
)

0
.1
4
0
9

2
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y

co
h
o
rt
?

T
B
ty
p
e

1
2
9
2
.9
6
(2
3
3
,7
8
2
)

0
.2
1
2
4

2
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y

co
h
o
rt
?

T
B
ty
p
e
?

se
x
9

ln
[a
g
e]

1
2
9
1
.5
1
(2
3
3
,7
8
0
)

0
.4
8
3
4

2
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
sm

o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y

co
h
o
rt
?

T
B
ty
p
e
?

se
x
9

{
ln
[a
g
e]
,
y
ea
r,
…
,
y
ea
r3
}

1
2
8
9
.6
7
(2
3
3
,7
7
7
)

0
.6
0
6
9

2
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
y
ea
r
?

y
ea
r2

?
y
ea
r3

?
al
co
h
o
l
?

th
o
ra
co
p
la
st
y

1
3
1
0
.1
2
(2
3
3
,7
9
5
)

–

U
n
le
ss

o
th
er
w
is
e
st
at
ed
,
al
l
p
v
al
u
es

re
fe
r
to

th
e
im

p
ro
v
em

en
t
in

fi
t
o
f
th
e
m
o
d
el

in
a
g
iv
en

ro
w

o
f
th
e
T
ab
le

o
v
er

th
at

in
th
e
ro
w

ab
o
v
e.

O
p
ti
m
al

m
o
d
el

is
g
iv
en

at
th
e
b
o
tt
o
m

o
f
th
e
ta
b
le

a
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

8
v
er
su
s
m
o
d
el

2
b
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

1
5
v
er
su
s
m
o
d
el

1
1

304 M. P. Little et al.

123



T
a
b
le

1
4

A
n
al
y
si
s
o
f
d
ev
ia
n
ce

o
f
al
l
ci
rc
u
la
to
ry

d
is
ea
se

m
o
rt
al
it
y
ap
ar
t
fr
o
m

h
ea
rt
d
is
ea
se

an
d
ce
re
b
ro
v
as
cu
la
r
d
is
ea
se

M
o
d
el

n
u
m
b
er

M
o
d
el

d
es
cr
ip
ti
o
n

D
ev
ia
n
ce

(d
f)

p
v
al
u
e

1
C
o
n
st
an
t

3
0
9
8
.2
2
(2
3
3
,8
0
3
)

–

2
C
o
n
st
an
t
?

ln
[a
g
e]

2
7
2
4
.3
7
(2
3
3
,8
0
2
)

\
0
.0
0
0
1

3
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
2
7
2
3
.3
2
(2
3
3
,8
0
1
)

0
.3
0
6
9

4
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
2
7
2
2
.5
3
(2
3
3
,8
0
0
)

0
.3
7
4
4

5
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
2
7
1
7
.7
4
(2
3
3
,7
9
9
)

0
.0
2
8
6

6
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
2
7
1
7
.6
5
(2
3
3
,7
9
8
)

0
.7
5
9
2

7
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

ln
[a
g
e]

5
?

ln
[a
g
e]

6
2
7
1
7
.3
0
(2
3
3
,7
9
7
)

0
.5
5
7
0

8
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x

2
6
6
6
.7
9
(2
3
3
,7
9
8
)

\
0
.0
0
0
1
a

9
C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r

2
6
3
8
.8
9
(2
3
3
,7
9
7
)

\
0
.0
0
0
1

1
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

2
6
3
6
.3
9
(2
3
3
,7
9
6
)

0
.1
1
3
7

1
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

2
6
3
5
.9
9
(2
3
3
,7
9
5
)

0
.5
2
7
6

1
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

2
6
3
5
.8
9
(2
3
3
,7
9
4
)

0
.7
4
8
3

1
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

2
6
3
2
.1
7
(2
3
3
,7
9
3
)

0
.0
5
3
9

1
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

y
ea
r2

?
y
ea
r3

?
y
ea
r4

?
y
ea
r5

?
y
ea
r6

2
6
3
2
.1
7
(2
3
3
,7
9
2
)

0
.9
4
9
6

1
5

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

sm
o
k
in
g

2
6
2
2
.5
2
(2
3
3
,7
9
5
)

0
.0
0
0
3
b

1
6

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

sm
o
k
in
g
?

al
co
h
o
l

2
6
2
1
.8
4
(2
3
3
,7
9
3
)

0
.7
1
2
8

1
7

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

sm
o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y

2
6
2
1
.6
5
(2
3
3
,7
9
1
)

0
.9
0
5
3

1
8

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

sm
o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g
su
rg
er
y
?

th
o
ra
co
p
la
st
y

2
6
2
0
.3
1
(2
3
3
,7
8
9
)

0
.5
1
2
0

1
9

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

sm
o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y

2
6
1
8
.6
8
(2
3
3
,7
8
7
)

0
.4
4
2
9

2
0

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

sm
o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt

2
6
1
7
.3
4
(2
3
3
,7
8
5
)

0
.5
1
1
5

2
1

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

sm
o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e

2
6
0
5
.4
3
(2
3
3
,7
8
0
)

0
.0
3
6
0

2
2

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

sm
o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e
?

se
x
9

{
ln
[a
g
e]
,
…
,
ln
[a
g
e]

4
}

2
6
0
3
.3
1
(2
3
3
,7
7
6
)

0
.7
1
3
9

2
3

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

sm
o
k
in
g
?

al
co
h
o
l
?

o
th
er

lu
n
g

su
rg
er
y
?

th
o
ra
co
p
la
st
y
?

p
n
eu
m
o
lo
b
ec
to
m
y
?

st
u
d
y
co
h
o
rt
?

T
B
ty
p
e
?

se
x
9

{
ln
[a
g
e]
,
…
,
ln
[a
g
e]

4
,
y
ea
r}

2
6
0
3
.2
4
(2
3
3
,7
7
5
)

0
.7
9
7
3

2
4

C
o
n
st
an
t
?

ln
[a
g
e]

?
ln
[a
g
e]

2
?

ln
[a
g
e]

3
?

ln
[a
g
e]

4
?

se
x
?

y
ea
r
?

sm
o
k
in
g
?

T
B
ty
p
e

2
6
1
0
.6
9
(2
3
3
,7
9
0
)

–

U
n
le
ss

o
th
er
w
is
e
st
at
ed
,
al
l
p
v
al
u
es

re
fe
r
to

th
e
im

p
ro
v
em

en
t
in

fi
t
o
f
th
e
m
o
d
el

in
a
g
iv
en

ro
w

o
f
th
e
T
ab
le

o
v
er

th
at

in
th
e
ro
w

ab
o
v
e.

O
p
ti
m
al

m
o
d
el

is
g
iv
en

at
th
e
b
o
tt
o
m

o
f
th
e
ta
b
le

a
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

8
v
er
su
s
m
o
d
el

5
b
p
v
al
u
e
fo
r
im

p
ro
v
em

en
t
in

fi
t
o
f
m
o
d
el

1
5
v
er
su
s
m
o
d
el

9

Circulatory disease mortality in the Massachusetts tuberculosis fluoroscopy cohort study 305

123



Appendix 2: Effect of alternative background
models selected via minimizing Akaike
information criterion

In this appendixwe consider an alternative set of explanatory

background models for each endpoint, selected via an

automatic variable selection process, by minimizing the

Akaike information criterion (AIC) [24, 25]. Minimizing

AIC is a standard method of variable selection that avoids

over-parameterised (and therefore over-fitted) models. AIC

penalizes against overfitting by adding 2 9 [number of fitted

parameters] to the model deviance. We used an iterative

mixed-forward–backward stepwise procedure to minimize

AIC using models with Poisson error via R [26].

The models used the set of candidate variables listed in

Table 15, in which the optimal models chosen are also

indicated. We provide the analog of Table 2 using these

alternative background models in Table 16.

Table 15 Candidate variables for fits to various circulatory disease mortality endpoints in analysis using minimization of AIC to select the

background model

Candidate

variables

All circulatory

disease

CeVD All heart

disease

IHD Heart disease

excluding IHD

Hypertensive

heart disease

All circulatory apart from heart

and cerebrovascular

ln[age] X X X X X X X

ln[age]2 X X X X X X

ln[age]3 X X X

ln[age]4 X X

ln[age]5

ln[age]6 X X

sex X X X X X

year X X X X X X

year2 X X X X X X X

year3 X X

year4 X

year5 X X X X X

year6 X X X

Smoking X X X X X X

Alcohol X X X X X

Other lung

surgery

X

Thoracoplasty X X X X

Pneumolobectomy

Study cohort X X X X X

Tuberculosis type X X X

Sex 9 ln[age] X X X X

Sex 9 ln[age]2 X X X X

Sex 9 ln[age]3

Sex 9 ln[age]4 X X

Sex 9 ln[age]5

Sex 9 ln[age]6

Sex 9 year

Sex 9 year2

Sex 9 year3

Sex 9 year4

Sex 9 year5

Sex 9 year6 X

The variables used for each circulatory disease endpoint are indicated by X
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Appendix 3: Generalized additive models (GAM)

See Table 17.
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