
In Reply: Dr Fan points out that our definition of corticoste-
roid insufficiency does not conform to that of the ACCM,1

which states that a corticotropin test should not be used to
identify patients with septic shock or acute respiratory dis-
tress syndrome who should receive glucocorticoids. In the
HYPOLYTE study, patients with adapted corticosteroid func-
tion had a short median time of exposure to hydrocortisone
(median, 34 hours; interquartile range, 20-49). We reported
a decreased hospital-acquired pneumonia rate at day 28 in all
patients, but the study was neither designed nor powered to
evaluate the safety of treatment in patients with adapted cor-
ticosteroid function. Regarding the threshold of corti-
solemia, the current definition of critical illness–related cor-
ticosteroid insufficiency was not available at the time the study
was started. When using this definition,1 the risk of hospital-
acquired pneumonia at day 28 remained lower in the hydro-
cortisone group (hazard ratio, 0.41; 95% CI, 0.20-0.88; P=.02).
We thus believe that a corticotropin test should be per-
formed to identify trauma patients who may benefit from pro-
longed low-dose hydrocortisone. In a systematic review of cor-
ticosteroid use in patients with severe sepsis,2 a long course
of low-dose corticosteroids did not alter superinfection rate
(relative risk, 1.01; 95% CI, 0.82-1.25; P=.92). Also, the rate
of polyneuromyopathy, which is low in trauma patients, was
not increased in septic patients treated with corticosteroids.3

Dr Johnson suggests that hydrocortisone may have bi-
ased the diagnosis of hospital-acquired pneumonia. In the
setting of community-acquired pneumonia, patients treated
with a high dose of glucocorticoid presented a slightly de-
creased body temperature (less than 0.5°C) as compared with
patients treated with placebo.4 To our knowledge, the ef-
fects of stress-dose hydrocortisone on body temperature in
patients with corticosteroid insufficiency are unknown. In
our study, body temperature exceeded 38.0°C in 23 of 28
episodes (82.1%) of hospital-acquired pneumonia in the cor-
ticosteroid group and in 35 of 47 episodes (74.5%) in the
placebo group, with no difference between the 2 groups
(P=.60). It is unlikely that the antipyretic properties of hy-
drocortisone explain the decreased hospital-acquired pneu-
monia rate in the hydrocortisone group.

Drs Salluh and Póvoa question the safety of corticoste-
roids. Pharmacological (ie, prednisolone) and physiologi-
cal (ie, hydrocortisone) glucocorticoids display different
properties. Stress doses of hydrocortisone reprogram
rather than inhibit immune cells.5 Corticosteroid effects
depend on the inflammatory status of the host6; thus, the
timing of corticosteroid initiation is critical, and no
patients were treated late in our study. The suggestion by
Salluh and Póvoa to consider combined lower respiratory
tract infections is questionable. First, the morbidity of tra-
cheobronchitis remains unknown in trauma patients
whereas pneumonia clearly increases morbidity. Second,
mechanical ventilation–free days, a surrogate marker of
the efficacy of the treatment of pneumonia, increased with
hydrocortisone in our study.

We agree that evaluation of mortality is critical, and there
is no randomized study using stress doses of hydrocorti-
sone that have shown an increased mortality rate in sepsis,
acute respiratory distress syndrome, or trauma. In a recent
systematic review,3 analyses of the trials investigating a pro-
longed course (�5 days) of stress-dose corticosteroid treat-
ment in sepsis and septic shock demonstrated a significant
reduction in 28-day all-cause mortality and hospital mor-
tality with no increase in superinfections. In the setting of
trauma, the most frequent causes of deaths are acute intra-
cranial hypertension and hemorrhagic shock, which occur
within the first few hours. We believe that mortality should
remain a safety end point but not a primary end point for
evaluation of stress-dose hydrocortisone in patients with mul-
tiple trauma. Our study was not powered to test the non-
inferiority of hydrocortisone vs placebo on mortality.
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RESEARCH LETTER

Fifteen-Year Follow-up of Association
Between Telomere Length and Incident Cancer
and Cancer Mortality

To the Editor: Telomeres are nucleoprotein structures that
cap the ends of chromosomes and confer chromosomal sta-
bility. Telomere shortening to a critical length due to ex-
tensive DNA replication or oxidative stress facilitates ge-
nomic mutations and may induce malignant transformation.1

We have previously shown that low leukocyte telomere
length (TL) is associated with an increased risk of cancer in-
cidence and mortality.2 Although the associations were of con-
siderable strength, independent of standard risk factors, and
consistent in subgroups, the number of incident cases of can-
cer was less than 100. We extended the follow-up from 10 to
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15 years, increased the number of events to 137, and added
data from a second TL measurement because a single mea-
surement may underestimate the true association.

Methods. A prospective population-based cohort study
was conducted on a random sample of 1000 persons aged
40 to 79 years in Bruneck, Italy, beginning in 1990 with clini-
cal and laboratory evaluations every 5 years. The study was
approved by the ethics committee of Bolzano province, and
all participants provided written informed consent. This
evaluation focused on the period between the first reexami-
nation and fourth reexamination (1995-2010). Telomere
length was available for 787 participants free of cancer in
1995 (96.9%) and 558 participants in 2005 (98.1%). Telo-
mere length was assessed in leukocytes from fasting blood
samples with quantitative polymerase chain reaction, and
values were corrected for reaction efficiency.2 Incident can-
cer and cancer-related death as of October 2010 were as-
certained by review of medical records, including histo-
pathological workup and death certificates containing
detailed information on cause and circumstances of death
(follow-up rate, 100%).2

To quantify within-person variability of TL and C-reactive
protein level, regression dilution ratios (RDRs) were calcu-
lated based on 1995 (baseline) and 2005 values.3 Long-

term average (“usual”) TL based on TL measured in 1995
and 2005 was estimated by multivariate regression calibra-
tion.3 Separate Cox models using baseline and usual TL to
predict cancer incidence and cancer mortality over the 15-
year period were fitted for TL tertile groups and continu-
ous loge TL. The proportional hazard assumption was con-
firmed using Schoenfeld residuals. A 2-sided P� .05 was
considered significant. Statistical analyses were performed
with Stata version 10.1 (StataCorp, College Station, Texas).

Results. Distribution of baseline variables and their cor-
relations with TL were outlined in the previous report.2 The
age- and sex-adjusted RDR of TL was 0.59 (95% confi-
dence interval [CI], 0.52-0.65) comparable with that of C-
reactive protein (RDR, 0.56; 95% CI, 0.48-0.64).

During follow-up, 137 of 787 participants were diag-
nosed with cancer (incidence rate, 14.3 per 1000 person-
years; 95% CI, 12.1-16.9) and 62 of 787 participants died
from cancer. Incidence rates of cancer in the longest,
middle, and shortest TL tertiles were 5.9 (95% CI, 3.9-
9.0), 16.9 (95% CI, 12.9-22.2), and 22.8 (95% CI, 17.8-
29.2), respectively. The adjusted hazard ratio per 1-SD
lower baseline TL (SD=0.52) was 1.56 (95% CI, 1.32-
1.85) and 1.88 (95% CI, 1.48-2.40) for cancer incidence
and cancer mortality, respectively (TABLE). Cox models

Table. Association of Telomere Length (T/S Ratio) With Cancer Incidence (n = 137) and Cancer Mortality (n = 62) During 15 Years of Follow-upa

Tertile Groups of Baseline TLb HR (95% CI) per 1-SD Lower Loge TL

Longest
(n = 265)

Middle
(n = 258)

Shortest
(n = 264) Baseline TL Usual TL

Usual TL
and Usual Levels

of Covariatesc

Incident Cancer
Cases, No. 22 52 63

Follow-up, No. of
person-years

3724 3079 2761

Incidence, cases per 1000
person-years (95% CI)

5.9 (3.9-9.0) 16.9 (12.9-22.2) 22.8 (17.8-29.2)

Cox models HR (95% CI)
Age- and sex-adjusted 1 [Reference] 2.61 (1.58-4.31) 3.38 (2.06-5.52) 1.61 (1.37-1.90) 2.26 (1.71-3.00) 2.26 (1.71-3.00)

Multivariable model 1d 1 [Reference] 2.41 (1.45-4.00) 3.03 (1.84-4.98) 1.56 (1.32-1.85) 2.16 (1.61-2.89) 2.16 (1.61-2.89)

Multivariable model 2e 1 [Reference] 2.43 (1.46-4.03) 3.02 (1.84-4.97) 1.56 (1.32-1.85) 2.15 (1.61-2.88) 2.16 (1.61-2.89)

Cancer Mortality
Cases, No. 4 23 35

Follow-up, No. of
person-years

3834 3270 2933

Incidence, cases per 1000
person-years (95% CI)

1.0 (0.4-2.8) 7.0 (4.7-10.6) 11.9 (8.6-16.6)

Cox models HR (95% CI)
Age- and sex-adjusted 1 [Reference] 5.73 (1.98-16.63) 9.20 (3.25-26.05) 1.96 (1.54-2.48) 3.15 (2.10-4.73) 3.15 (2.10-4.73)

Multivariable model 1d 1 [Reference] 5.09 (1.74-14.85) 8.14 (2.86-23.20) 1.88 (1.48-2.40) 2.97 (1.96-4.51) 3.11 (2.04-4.74)

Multivariable model 2e 1 [Reference] 5.18 (1.77-15.12) 8.17 (2.86-23.29) 1.88 (1.48-2.40) 2.98 (1.96-4.53) 3.11 (2.04-4.75)
Abbreviations: CI, confidence interval; HR, hazard ratio, TL, telomere length.
aHRs with 95% CIs were derived from Cox regression analysis. Separate models were fitted for tertile groups of baseline TL and continuous loge TL (baseline and usual [1 SD=0.52]).

Usual TL considered the variability of TL over time and was estimated by multivariate regression calibration. Cancer incidence included any cancer except nonmelanoma skin
cancer. Only the first incidence of cancer was considered in the analysis.

bThe median for the longest TL (T/S ratio) tertile was 2.22 (range, 1.60-5.93); for the middle tertile, 1.29 (range, 1.05-1.59); and for the shortest tertile, 0.81 (range, 0.19-1.04).
cBy means of multivariate regression calibration, usual levels of alcohol consumption, body mass index, loge high-sensitivity C-reactive protein, vitamin D, and low-density lipopro-

tein were calculated (based on 1995 and 2005 measurements) and included in the Cox model.
dHRs in this model were adjusted for age, sex, social class, pack-years of smoking, alcohol consumption, presence of diabetes, physical activity, body mass index, loge high-

sensitivity C-reactive protein level, vitamin D level, and low-density lipoprotein cholesterol level.
eHRs in this model were adjusted for everything in model 1 and for the presence of chronic infection and level of interleukin 6.
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including usual instead of baseline TL yielded hazard
ratios of 2.15 (95% CI, 1.61-2.88) and 2.98 (95% CI,
1.96-4.53) for cancer incidence and cancer mortality,
respectively. Cumulative hazard plots by tertiles of base-
line TL are shown in the FIGURE.

Comment. This 15-year follow-up corroborates our pre-
vious findings2 that short telomeres are associated with can-
cer incidence and cancer mortality. An RDR of 0.59 and the
stronger associations for usual TL underscore the impor-
tance of telomere dynamics in carcinogenesis and the need
for multiple measurements of TL in the characterization of
individual cancer risk. The variability of TL over time is
similar to previous evaluations on telomere dynamics4,5 and
may reflect the cumulative effect of environmental and
behavioral exposures, varying telomerase activity, and
stress-induced repopulation of peripheral blood by recently
dividing hematopoietic bone marrow cells.6 Additional vari-
ability may arise from shifts in the cellular composition of
peripheral blood leukocytes. Limitations include that the
population was entirely white, TL measurements were
available in leukocytes only, and power to analyze indi-
vidual cancer types was limited.
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Figure. Cumulative Hazard Curves for Cancer Incidence and Cancer Mortality by Telomere Length Tertile, 1995-2010
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The median telomere length (T/S ratio) for the shortest-length tertile was 0.81 (range, 0.19-1.04); for the middle-length tertile, 1.29 (range, 1.05-1.59); and for the
longest-length tertile, 2.22 (range, 1.60-5.93). There were 137 cases of cancer incidence and 62 cases of cancer mortality. TL indicates telomere length. Y-axis shown
in blue indicates range from 0 to 0.12.
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