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Low T3 syndrome is a strong
predictor of poor outcomes in
patients with community-acquired
e PNEUMONIA
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Low T3 syndrome was previously reported to be linked to poor clinical outcomes in critically ill
patients. The aim of this study was to evaluate the predictive power of low T3 syndrome for clinical
outcomes in patients with community-acquired pneumonia (CAP). Data for 503 patients were analyzed
retrospectively, and the primary end point was 30-day mortality. The intensive care unit (ICU) admission
rate and 30-day mortality were 8.3% and 6.4% respectively. The prevalence of low T3 syndrome differed

. significantly between survivors and nonsurvivors (29.1% vs 71.9%, P < 0.001), and low T3 syndrome

. was associated with a remarkable increased risk of 30-day mortality and ICU admission in patients with
severe CAP. Multivariate logistic regression analysis produced an odds ratio of 2.96 (95% Cl 1.14-7.76,

: P=0.025) for 30-day mortality in CAP patients with low T3 syndrome. Survival analysis revealed that

. the survival rate among CAP patients with low T3 syndrome was lower than that in the control group

. (P<0.01). Adding low T3 syndrome to the PSI and CURB-65 significantly increased the areas under the
ROC curves for predicting ICU admission and 30-day mortality. In conclusion, low T3 syndrome is an
independent risk factor for 30-day mortality in CAP patients.

. Community-acquired pneumonia (CAP) is one of the most common and most fatal infectious diseases world-
: wide', with overall mortality rates of 13% among hospitalized patients and up to 35% in severe CAP patients?.
. It is important for physicians to identify patients with severe pneumonia as early as possible®, because rapid
. assessment of CAP severity and outcome prediction can support appropriate treatments and thereby reduce
. mortality*.
: To date, many severity scores and biomarkers have been developed for predicting mortality and identifying
CAP patients at high risk of mortality’. The Pneumonia Severity Index (PSI) and CURB-65 (Confusion, Urea,
. Respiratory rate, Blood pressure, and age >65) are two of the most powerful prediction tools for predicting
: pneumonia mortality®®. The PSI stratifies patients into five risk classes according to twenty criteria, and its ability
to predict mortality has been validated in multiple studies®!®. However, its complexity limits its practicability in
emergency situations'. In contrast, the CURB-65 categorizes patients into three risk classes using only five easily
measurable factors. However, the CURB-65 has not been as extensively studied as the PSI, especially with pro-
spective validation in various patient populations!!. Moreover, both scores perform poorly in predicting intensive
care unit (ICU) admission'2.
Low T3 syndrome, which is also known as non-thyroidal illness syndrome or sick euthyroid syndrome, is
. characterized by a low serum level of free triiodothyronine (FT3) accompanied by normal-to-low serum free
. thyroxine (FT4) and thyroid-stimulating hormone (TSH) levels'®. Several studies have confirmed that low T3
. syndrome is a strong predictor of poor prognosis in critically ill hospitalized patients, including those who have
experienced surgery, multiple trauma, respiratory failure, septic shock, cerebrovascular diseases, cardiovascular
diseases and severe burns'*-*’. However, no conclusive data regarding the association between low T3 syndrome
and outcomes of CAP are available. The aim of our study was to investigate the predictive value of low T3 syn-
drome for outcomes in CAP patients.
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Total Survivor Non-survivor Pvalue
Patients, N (%) 503 (100%) 471 (93.6%) 32 (6.4%) —
LOS, median (IQR) 11 (7-16) 11 (8-15) 14 (6.25-21.75) 0.354
Age, mean (£SD), y 63+18 63+18 74+ 16 0.001%
Male sex, N (%) 275 (54.7%) 256 (54.4%) 19 (59.4%) 0.581
Antimicrobial pre-treatment, N (%) 175 (34.8%) 160 (34.0%) 15 (46.9%) 0.138
Congestive heart failure, N (%) 65 (12.9%) 53 (11.3%) 12 (37.5%) <0.001
COPD, N (%) 43 (8.5%) 36 (7.6%) 7 (21.9%) 0.005
Chronic renal diseases, N (%) 28 (5.6%) 26 (5.5%) 2(6.3%) 0.862
Chronic liver diseases, N (%) 12 (2.4%) 11 (2.3%) 1(3.1%) 0.550"
Cerebrovascular diseases, N (%) 39 (7.8%) 35 (7.4%) 4(12.5%) 0.299
Malignancy, N (%) 21 (4.2%) 20 (4.2%) 1(3.1%) 0.759
Diabetes mellitus, N (%) 46 (9.1%) 45(9.6%) 1(3.1%) 0.837
Septic shock, N (%) 32 (6.4%) 26 (5.5%) 6 (18.8%) 0.038
Pulse rates >125/min, N (%) 11 (2.2%) 9(1.9%) 2(6.3%) 0.151"
Respiratory rates >30/min, N (%) 9(1.8%) 7 (1.5%) 2(6.3%) 0.107"
Low T3 syndrome, N (%) 160 (31.8%) 137 (29.1%) 23 (71.9%) <0.001
FT3, pmol/l 3.43+0.98 3.50+£0.95 2.47+£0.92 <0.001*
FT4, pmol/l 14.76 £2.93 14.89+2.89 12.85+£2.89 <0.001*
TSH, mIU/1 1.6+1.0 1.64+1.07 1.224+1.04 0.041%
ALB <30 g/dl, N (%) 115 (22.7%) 98 (20.8%) 17 (53.1%) <0.001
WBC count <4 or >10 x 10°/L 156 (31.0%) 143 (30.4%) 13 (40.6%) 0.224
CRP >150 mg/dl, N (%) 90 (17.9%) 80 (17.0%) 10 (31.3%) 0.042
BUN >7 mmol/l, N (%) 151 (30.0%) 135 (28.7%) 16(50%) 0.011
Platelet count <10%/ul, N (%) 81 (16.1%) 66 (14.0%) 17 (53.1%) <0.001
Arterial PH <7.35, N (%) 27 (5.4%) 22 (4.7%) 5 (15.6%) 0.008
Glucose > 250 mg/dl, N (%) 21 (4.2%) 19 (4.0%) 2(6.3%) 0.544
Hematocrit <30%, N (%) 104 (20.7%) 94 (20.0%) 10 (31.3%) 0.127
Serum sodium < 130 mmol/l, N (%) 27 (5.4%) 20 (4.2%) 7 (21.9%) <0.001
Multilobar pneumonia, N (%) 141 (28.0%) 129 (27.4%) 12 (37.5%) 0.218
CURB-65>2 138 (27.4%) 122 (25.9%) 16 (50.0%) 0.003
PSI class > IV 123 (24.5%) 102 (21.7%) 21 (65.6%) <0.001
SCAP 147 (29.2%) 127 (27.0%) 20 (62.5%) <0.001
ICU admission, N (%) 42 (8.3%) 11 (2.3%) 31 (96.9%) <0.001
30-day mortality, N (%) 32 (6.4%) — — —

Table 1. Baseline characteristics of survivors and non-survivors among CAP patients. *P values and *P
values were calculated by unpaired t-test or Fisher exact test, respectively. Other P values were performed by
chi-square test.

Results

Patient characteristics. A total of 1640 patients hospitalized with pneumonia derived from the commu-
nity were evaluated in this retrospective study. Eighty-two patients who had a history of thyroid diseases and
114 patients receiving immunosuppressant therapy or presenting with human immunodeficiency virus (HIV)
infection were excluded. Another 941 patients who did not complete a serum thyroid hormone test also were
excluded. Finally, a total of 503 hospitalized CAP patients were eligible for analysis in this retrospective obser-
vational study. The demographic characteristics of these patients are presented in Table 1. The mean age was
63 £ 18 years, and 275 patients (54.7%) were male. Overall, 193 (38.4%) of 503 cases were accompanied by one
or more coexisting illnesses, including congestive heart failure (CHF) (12.9%), chronic obstructive pulmonary
disease (COPD) (8.5%), chronic renal disease (5.6%), chronic liver disease (2.4%), cerebrovascular disease (7.8%),
malignant tumor (4.2%), diabetes mellitus (9.1%), and septic shock (6.4%). In addition, 160 (31.8%) patients had
low T3 syndrome. The 30-day mortality and ICU admission rate in the included population were 6.4% and 8.3%,
respectively. The median length of stay (LOS) was 11 days (interquartile range [IQR], 7-16 days; Table 1). To
exclude potential selection bias, we analyzed the baseline characteristics of patients who did or did not participate
in a thyroid hormone test. We found that neither the 30-day mortality nor ICU admission rate showed any signif-
icant difference between two groups (Supplemental Table S1).

Univariate and multivariate analysis of risk factors for ICU admission and 30-day mortality.
Compared to those who survived beyond 30 days, non-survivors were older; more likely to also have CHEF,
COPD, hypoalbuminemia, thrombocytopenia, hyponatremia, low T3 syndrome, and septic shock; and showed
a higher C reactive protein (CRP) level, a higher blood urea nitrogen (BUN) level, lower arterial pH, and higher
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30-day mortality ICU admission
OR 95% CI P OR 95% CI P
Age, year 1.03 1.00-1.06 0.045 1.02 0.99-1.04 0.178
CHF 5.02 1.86-13.54 0.001 3.89 1.61-9.40 0.003
COPD 2.59 0.75-8.95 0.133 3.72 1.28-10.77 0.015
Septic shock 1.23 0.39-3.93 0.724 1.66 0.61-4.53 0.327
Pulse >125/min 2.69 0.37-19.66 0.331 6.04 1.22-29.78 0.027
Respiratory rate 3.51 0.43-28.68 0.241 4.38 0.71-26.82 0.111
low T3 syndrome 2.96 1.14-7.76 0.025 1.76 0.78-3.97 0.175
ALB <30 g/dl 2.34 0.96-5.72 0.061 2.62 1.18-5.82 0.018
CRP >150 mg/dl 1.64 0.63-4.27 0.310 1.23 0.51-2.98 0.640
BUN >7mmol/l 1.62 0.68-3.88 0.277 1.69 0.78-3.65 0.181
Platelet count <10%/ul 2.45 1.01-5.92 0.047 2.95 1.34-6.48 0.007
Serum sodium < 130 mmol/l 3.72 1.15-12.08 0.029 2.78 0.87-8.71 0.080

Table 2. Multivariate logistic regression analyses of risk factors associated with 30-day mortality and ICU
admission among CAP patients.

prevalence of severe CAP (SCAP, PSI risk class > IV or CURB-65 score >2 or eligible for SCAP criteria; P < 0.05).
Non-survivors showed significantly lower FT3, FT4 and TSH levels than those who survived (P < 0.05; Table 1). A
total of 12 risk factors, including 10 variables showing statistical significance in the univariate analysis (P < 0.05)
as well as both respiratory rate and pulse rate considered to be clinically important (P=0.107 and P=0.151,
respectively, by Fisher’s exact test), were further analyzed by multivariate logistic regression (Table 2). The results
showed that age, CHF, low T3 syndrome, platelet count <10°/pl and serum sodium < 130 mmol/l are independ-
ent risk factors for 30-day mortality. Also, CHE, COPD, pulse >125/min, albumin (ALB) <30g/dl, and platelet
count < 10%yl are independent risk factors for ICU admission.

Low T3 syndrome is associated with increased 30-day mortality. The characteristics of CAP
patients with or without low T3 syndrome are listed in Table 3. CAP patients with low T3 syndrome had a higher
30-day mortality (odds ratio [OR] = 6.23, 95% confidence interval (CI) 2.81-13.81) and higher rate of ICU admis-
sion (OR=3.97, 95% confidence interval [CI] 2.06-7.63). Most importantly, we found that among severe CAP
patients, low T3 syndrome was associated with a remarkably increased risk for 30-day mortality (OR=12.52,
95% CI 2.77-56.62 for the PSI risk class > V group, OR=9.75, 95% CI 2.12-44.76 for the CURB-65 score >2
group, and OR = 6.96, 95% CI 1.94-24.94 for SCAP, respectively, P < 0.05) and ICU admission (OR=5.12, 95%
CI 1.78-14.74 for the PSI risk class > IV, OR = 3.96, 95%CI 1.45-10.77 for the CURB-65 score >2 group, and
OR=2.29, 95% CI 0.95-5.49 for SCAP, respectively, P < 0.05). Consistently, the survival analysis revealed that
CAP patients with low T3 syndrome showed a lower survival rate than the patients without low T3 syndrome
(P=0.003 by Log-rank test, Fig. 1).

Correlation between FT3, FT4, and TSH levels and outcomes of CAP patients. Because low T3
syndrome was found to be an independent risk factor for 30-day mortality in the present study, we performed a
receiver operating characteristic (ROC) curve analysis of the ability of FT3, FT4, and TSH levels to predict the
30-day mortality and ICU admission among CAP patients (Fig. 2). We found that the areas under the ROC curves
(AUCs) for FT3 were 0.782 (95% CI 0.743-0.817) for predicting 30-day mortality and 0.778 (95% CI 0.739-0.814)
for predicting ICU admission, and these values were superior to those for serum FT4 and TSH. The best FT3
cut-off points for predicting 30-day mortality and ICU admission were FT3 < 3.06 pmol/l and FT3 < 3.21 pmol/],
respectively. Next, we made low T3 syndrome as an additional 20 points to the PSI and 1 point to CURB-65 to
create two new scores and compared their predictive abilities with those of the PSI and CURB-65 alone for 30-day
mortality and ICU admission (Figs 3 and 4). Interestingly, both low FT3 4 PSI and low FT3 + CURB-65 had
significantly increased AUC:s for predicting 30-day mortality, compared to the individual indices (0.780 vs 0.753,
P=10.035and 0.758 vs 0.698, P=0.003, respectively). In addition, low FT3 + CURB-65 had a significantly greater
AUC for predicting ICU admission than CURB-65 alone (0.745 vs 0.703, P= 0.021). However, low FT3 + PSI did
not show great accuracy than PSI alone for predicting ICU admission (0.757 vs 0.736, P= 0.084).

Discussion

CAP is one of the most common diseases requiring hospital admission and a major cause of death worldwide. It is
important to identify patients with severe pneumonia and those who have the worst prognosis in order to provide
the most appropriate treatments. Low T3 syndrome was reported to be highly prevalent in critically ill patients
and has been proven to be a predictor of poor outcome in these patients?!~?*. Our study showed that low T3 syn-
drome is an independent risk factor for 30-day mortality among CAP patients, and the survival curves confirmed
that CAP patients with low T3 syndrome had a lower survival rate than those without low T3 syndrome. We also
found that the serum FT3 level offers better diagnostic accuracy than FT4 and TSH levels, and adding low FT3
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Patients, N (%) 503 (100%) 160 (31.8%) 343 (68.2%) —
Age, mean (£SD), y 63+18 66+ 19 62+17 0.010*
Male sex, N (%) 275 (54.7%) 74 (54.4%) 201 (54.8%) 0.941
LOS, median (IQR), days 11 (7-16) 13 (9-18) 10 (7-15) <0.001%
ICU admission, N (%) 42 (8.3%) 26 (16.3%) 16 (4.7%) <0.001
30-day mortality, N (%) 32 (6.4%) 23 (14.4%) 9(2.6%) <0.001
PSI class I-1IL, N (%) 380 (100%) 97 (25.5%) 283 (74.5%) —
ICU admission, N (%) 17 (4.5%) 6(6.2%) 11 (3.9%) 0.345
30-day mortality, N (%) 11(2.9) 4(4.1%) 7 (2.5%) 0.403
PSI class IV-V, N (%) 123 (100%) 63 (51.2%) 60 (48.8%) —
ICU admission, N (%) 25(20.3%) 20 (31.7%) 5(1.8%) 0.001
30-day mortality, N (%) 21 (17.1%) 19 (30.2%) 2(3.3%) <0.001
CURB-65 0-1, N (%) 365 (100%) 95 (26.0%) 270 (74.0%) —
ICU admission, N (%) 19 (5.2%) 9 (9.5%) 10 (3.7%) 0.029
30-day mortality, N (%) 16 (4.4%) 9(9.5%) 7 (2.6%) 0.005
CURB-65>2,N (%) 138 (100%) 65 (47.1%) 73 (52.9%) —
ICU admission, N (%) 23 (16.7%) 17 (26.2%) 6(8.2%) 0.005
30-day mortality, N (%) 16 (11.6%) 14 (21.5%) 2(2.7%) 0.001
Non-SCAP 356 (100%) 86 (24.2%) 270 (75.8%) —
ICU admission, N (%) 15 (4.2%) 8(9.3%) 7 (2.6%) 0.007
30-day mortality, N (%) 12 (3.4%) 6(7.0%) 6(2.2%) 0.033
SCAP 147 (100%) 74 (50.3%) 73 (49.7%) —
ICU admission, N (%) 27 (18.4%) 18 (24.3%) 9 (12.3%) 0.060
30-day mortality, N (%) 20 (13.6%) 17 (23.0%) 3 (4.1%) 0.001

Table 3. Characteristics of CAP patients with or without low T3 syndrome. *P values were calculated by
unpaired t-test. Other P values were performed by chi-square test.
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Figure 1. Survival analysis for patients with or without low T3 syndrome.

criteria to the PSI or CURB-65 scores could significantly increased the AUCs for predicting 30-day mortality and
ICU admission, compared to those for the individual scores.

Low T3 syndrome has been identified as a useful adaptation in the negative feedback regulation to preserve
energy when patients suffer from an acute critical illness**. However, it remains controversial whether low T3
syndrome represents a protective or a maladaptive response to prolonged critical illness®. During acute illness,
the occurrence of low T3 syndrome can be explained by changes in thyroid hormone binding, peripheral thyroid
hormone uptake and the expression and activity of the type-1 deiodinases (D1) and type-3 deiodinases (D3)%.
As patients with acute critical illnesses usually experience concomitant fasting, the decreased thyroid hormone
availability may reflect an adaptive attempt to reduce energy expenditure and, thus, appears to be beneficial?’. In
addition, the increased D3 activity could optimize the bacterial killing capacity of neutrophilic granulocytes?.

Unlike in the acute phase, the thyroid axis appears to be regulated by different mechanisms during pro-
longed critical illness. Low T3 syndrome in these patients is found to result from the low expression of the
thyrotropin-releasing hormone (TRH) gene in the paraventricular nucleus (PVN), which impairs the hypo-
thalamic stimulation of the thyrotropes®. Peripheral tissues adapt to the decreased thyroid hormones status by
increasing levels of thyroid hormone transporters, local activation of thyroid hormone and gene expression of
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Figure 2. ROC curves for FT3, FT4, and TSH for 30-day mortality (A) and ICU admission (B).
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Figure 3. ROC curves for PSI and low FT3 + PSI for 30-day mortality (A) and ICU admission (B).
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Figure 4. ROC curves for CURB-65 and low FT3 + CURB-65 for 30-day mortality (A) and ICU admission (B).

the active receptor isoforms**-3*, Different from acute critical illness, the low T3 level correlates with markers of
muscle breakdown and of bone loss, which indicate a hypercatabolic maladaptive response in prolonged critical
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illness®. In summary, low T3 syndrome during prolonged critical illness appears to differ from changes observed
during acute critical illnesses, both in its mechanisms and in its influence on prognosis.

In the present study, low T3 syndrome was identified as an independent risk factor associated with poor
30-day mortality among CAP patients. We found that the magnitude of the decrease in the serum FT3 levels
was correlated with the severity of CAP, and serum FT3 shows accurate prognostic value for predicting 30-day
mortality and ICU admission among CAP patients. This may be attributed to large amounts of inflammatory
cytokines, including tumor necrosis factor (TNF)-q, interleukin (IL)-1 and IL-6, which are present during crit-
ical pneumonia. These cytokines are considered to be putative mediators of low T3 syndrome®>*. Additionally,
D3, which is viewed as the major thyroid hormone inactivating enzyme, was shown to be highly expressed in
infiltrating neutrophilic granulocytes during bacterial infections®®, which may lead to low T3 levels during an
acute infection.

The PSI and CURB-65 scores have shown good diagnostic accuracy for predicting mortality among pneumo-
nia patients in previous studies®®, but limited accuracy for predicting ICU admission. Although the low serum
FT3 was not included as a variable in any previous severity scores for CAP, low FT3 criteria indeed significantly
improved the performance of PSI and CURB-65 for predicting 30-day mortality and ICU admission in CAP
patients.

There are a few limitations in this study. First, this was a retrospective single-center study. Second, the result
of endocrine-based testing may be related to the timing of sampling. It has been reported that serum thyroid hor-
mone level may require 4 days to reach a nadir after the onset of critical illness*”. In addition, dopamine, which
can induce iatrogenic hypothyroidism in patients with critical illness*®*, was not excluded as a confounder in
our study.

In conclusion, we found that low T3 syndrome is a reliable predictor of worse outcomes in hospitalized CAP
patients. The serum FT3 level showed great performance for prediction of 30-day mortality and ICU admission
in CAP patients, and was found to be even more diagnostically accurate than the PSI and CURB-65. The finding
of the present study should be conformed in multicenter large prospective studies, and future studies are needed
to elucidate the underlying mechanisms by which low T3 syndrome affects CAP patients.

Materials and Methods

Study population. We retrospectively evaluated the records of all hospitalized patients who were diagnosed
with CAP between January 2010 and December 2013 at the Second Affiliated Hospital, Zhejiang University
School of Medicine. According to the American Thoracic Society (ATS)/Infectious Disease of Society of America
(IDSA) guidelines, the diagnosis of CAP is based on the presence of select clinical features (e.g., cough, fever,
sputum production, and pleuritic chest pain) and is supported by imaging of the lung, usually by chest radiog-
raphy, with or without supporting microbiological data!'*. Eligible patients were older than 14 years, and had
available serum thyroid hormone levels. Patients were excluded if they had an overt history of hypothyroidism
or hyperthyroidism diagnosed during admission, or also presented with HIV infection, had undergone organ
transplantation, or were receiving immunosuppressant therapy (>20 mg/day of prednisone or equivalent). The
Ethics Committee at the Second Affiliated Hospital, Zhejiang University School of Medicine approved this study.
All aspects of the study were performed in accordance with relevant guidelines and regulations®'.

Data collection and definition of severe CAP. Baseline clinical information was obtained for each
patient, including age, gender, comorbid diseases such as CHF, COPD, chronic renal diseases, chronic liver dis-
eases, cerebrovascular disease, malignancy, diabetes mellitus, antimicrobial pre-treatment, physical examination
results, septic shock (severe sepsis plus hypotension that was not reversed with fluid resuscitation), laboratory data
such as white blood cell (WBC) count and platelet count, and levels of CRP, ALB, BUN, glucose, serum sodium,
FT3, FT4, and TSH, and radiologic findings (new or progressive pulmonary infiltrate) within 24h after admission.
To evaluate the severity of CAP, the PSI, CURB-65 and SCAP scores were independently calculated®®#>4. The thy-
roid hormone levels were measured on the next morning after admission using commercial radioimmunoassay
kits (Abbott Architect i2000 analyzer). According to the manufacturer’s instructions, the normal reference inter-
vals used were: 3.1-7.5 pmol/l for FT3, 8.9-20.6 pmol/l for FT4, and 0.35-4.6 mIU/I for TSH. In accordance with
the manufacturer’s standard value, low T3 syndrome was defined by a low serum FT3 level (<3.1 pmol/l) with low
or normal serum FT4 and TSH levels (<20.6 pmol/l and <4.6 mIU/], respectively), and patients who had been
diagnosed with hypothyroidism, hyperthyroidism, or thyroiditis were excluded'**. The primary end point was
30-day mortality, which was defined as death due to any cause within 30 days from hospital admission. Secondary
end points were LOS in the hospital and ICU admission.

Statistical analysis. All continuous variables are presented as mean + standard deviation or as median
(IQR). Categorical variables are presented as a number (%). Comparisons between continuous variables were
performed using the unpaired t-test. Qualitative/categorical variables were compared between groups using the
chi-square test or Fisher’s exact test. Univariate analysis and multiple logistic regression analysis were performed
to determine independent risk factors for 30-day mortality and ICU admission. The ORs and corresponding 95%
CI were calculated for all variables. The ROC curves for the ability of FT3, FT4 and TSH to predict the 30-day
mortality and ICU admission were analyzed. The AUCs were compared using Delong-Delong nonparametric
method. Kaplan-Meier analysis was used to estimate the probability of survival and comparison was made by
Log-rank test. The best FT'3 cut-off points for predicting 30-day mortality and ICU admission were determined
by the Youden index. A P value of <0.05 was considered statistically significant. The results were analyzed using
SPSS version 18.0 for Windows (SPSS Inc., Chicago, IL, USA).

SCIENTIFICREPORTS | 6:22271 | DOI: 10.1038/srep22271 6



www.nature.com/scientificreports/

References

1.

w

10.
11.
12.
13.
14.
15.

16.
17.

18.
19.
20.
21.

22.
23.

24.

25.
26.

27.
28.
29.

30.
31.

32.
. Thijssen-Timmer, D. C. et al. Thyroid hormone receptor isoform expression in livers of critically ill patients. Thyroid. 17, 105-12

34.
35.

36.
37.

38.
39.
40.
41.
42.
43.

44,

Almirall, J. et al. Epidemiology of community-acquired pneumonia in adults: a population-based study. Eur Respir J. 15, 757-63
(2000).

. Ewig, S. et al. New perspectives on community-acquired pneumonia in 388406 patients. Results from a nationwide mandatory

performance measurement programme in healthcare quality. Thorax. 64, 1062-9 (2009).

. Woodhead, M. et al. Guidelines for the management of adult lower respiratory tract infections. Eur Respir J. 26, 1138-80 (2005).
. Restrepo, M. L, Mortensen, E. M., Velez, J. A., Frei, C. & Anzueto, A. A comparative study of community-acquired pneumonia

patients admitted to the ward and the ICU. Chest. 133, 610-7 (2008).

. Yandiola, P. P. et al. Prospective comparison of severity scores for predicting clinically relevant outcomes for patients hospitalized

with community-acquired pneumonia. Chest. 135, 1572-1579 (2009).

. Yang, Y. et al. Efficacy and significance of various scores for pneumonia severity in the management of patients with community-

acquired pneumonia in China. Chin Med J (Engl). 125, 639-45 (2012).

. Kolditz, M., Ewig, S. & Hoffken, G. Management-based risk prediction in community-acquired pneumonia by scores and

biomarkers. Eur Respir ]. 41, 974-84 (2013).

. Fine, M. J. et al. A prediction rule to identify low risk patients with community- acquired pneumonia. N Engl ] Med. 336, 243-50

(1997).

. Lim, W. S. et al. Defining community acquired pneumonia severity on presentation to hospital: an international derivation and

validation study. Thorax. 58, 377-82 (2003).

Espana, P. P. et al. A prediction rule to identify allocation of inpatient care in community-acquired pneumonia. Eur Respir J. 21,
695-701 (2003).

Mandell, L. A. et al. Infectious Diseases Society of America/ American Thoracic Society consensus guidelines on the management of
community-acquired pneumonia in adults. Clin Infect Dis. 44 Suppl 2, 27-72 (2007).

Marti, C. et al. Prediction of severe community-acquired pneumonia: a systematic review and meta-analysis. Crit Care. 16, R141
(2012).

Boelen, A., Kwakkel, J. & Fliers, E. Beyond low plasma T3: local thyroid hormone metabolism during inflammation and infection.
Endocr Rev. 32, 670-93 (2011).

Alevizaki, M., Synetou, M., Xynos, K., Pappa, T. & Vemmos, K. N. Low triiodothyronine: a strong predictor of outcome in acute
stroke patients. Eur J Clin Invest. 37, 651-7 (2007).

Plikat, K. et al. Frequency and outcome of patients with nonthyroidal illness syndrome in a medical intensive care unit. Metabolism.
56, 239-44 (2007).

Gangemi, E. N. et al. Low triiodothyronine serum levels as a predictor of poor prognosis in burn patients. Burns. 34, 817-24 (2008).
Scoscia, E. et al. Low triiodothyronine (T3) state: a predictor of outcome in respiratory failure? Results of a clinical pilot study. Eur |
Endocrinol. 151, 557-60 (2004).

Borkowski, J., Siemiatkowski, A., Wolczynski, S., Czaban, S. L. & Jedynak, M. Assessment of the release of thyroid hormones in
septic shock-prognostic significance. Pol Merkuriusz Lek. 18, 45-8 (2005).

Schilling, J. U., Zimmermann, T., Albrecht, S., Zwipp, H. & Saeger, H. D. Low T3 syndrome in multiple trauma patients-a
phenomenon or important pathogenetic factor. Medizinische Klinik. 3, 66-9 (1999).

Tervasi, G. et al. Low-T3 syndrome: a strong prognostic predictor of death in patients with heart disease. Circulation. 107, 708-13
(2003).

Chinga-Alayo, E., Villena, J., Evans, A. T. & Zimic, M. Thyroid hormone levels improve the prediction of mortality among patients
admitted to the intensive care unit. Intensive Care Med. 31, 1356-61 (2005).

Van den Berghe, G. Non-thyroidal illness in the ICU: a syndrome with different faces. Thyroid. 24, 1456-65 (2014).

Bello, G. et al. Nonthyroidal illness syndrome and prolonged mechanical ventilation in patients admitted to the ICU. Chest. 135,
1448-54 (2009).

Docter, R., Krenning, E. P,, de Jong, M. & Hennemann, G. The sick euthyroid syndrome: changes in thyroid hormone serum
parameters and hormone metabolism. Clin Endocrinol. 39, 499-518 (1993).

Van Den Berghe, G. Novel insights into the neuroendocrinology of critical illness. Eur ] Endocrinol. 143, 1-13 (2000).
Rodriguez-Perez, A. et al. Identification of molecular mechanisms related to nonthyroidal illness syndrome in skeletal muscle and
adipose tissue from patients with septic shock. Clin Endocrinol (Oxf). 68, 821-7 (2008).

Gardner, D. E, Kaplan, M. M., Stanley, C. A. & Utiger, R. D. Effect of tri-iodothyronine replacement on the metabolic and pituitary
responses to starvation. N Engl ] Med. 300, 579-84 (1979).

Boelen, A. et al. Type 3 deiodinase is highly expressed in infiltrating neutrophilic granulocytes in response to acute bacterial
infection. Thyroid. 18, 1095-103 (2008).

Fliers, E., Guldenaar, S. E., Wiersinga, W. M. & Swaab, D. F. Decreased hypothalamic thyrotropinreleasing hormone gene expression
in patients with nonthyroidal illness. ] Clin Endocrinol Metab. 82, 4032-6 (1997).

Mebis, L. et al. Expression of thyroid hormone transporters during critical illness. Eur ] Endocrinol. 161, 243-50 (2009).

Mebis, L., Langouche, L., Visser, T. J. & Van den Berghe, G. The type II iodothyronine deiodinase is up-regulated in skeletal muscle
during prolonged critical illness. J Clin Endocrinol Metab. 92, 3330-3 (2007).

Ma, S. F. et al. Type 2 deiodinase and host responses of sepsis and acute lung injury. Am ] Respir Cell Mol Biol. 45, 1203-11 (2011).

(2007).

Van den Berghe, G. et al. Neuroendocrinology of prolonged critical illness: effects of exogenous thyrotropin-releasing hormone and
its combination with growth hormone secretagogues. J Clin Endocrinol Metab. 83, 309-19 (1998).

Sato, K. et al. Inhibition of 1251 organification and thyroid hormone release by interleukin-1, tumor necrosis factor-o, and
interferon-~ in human thyrocytes in suspension culture. J Clin Endocrinol Metab. 70, 1735-43 (1990).

Tominaga, T. et al. Interleukin 6 inhibits human thyroid peroxidase gene expression. Acta Endocrinol (Copenh). 124, 290-4 (1991).
Woolf, P. D, Lee, L. A., Hamill, R. W. & McDonald, J. V. Thyroid test abnormalities in traumatic brain injury: correlation with
neurologic impairment and sympathetic nervous system activation. Am | Med. 84, 201-8 (1988).

Van den Berghe, G., de Zegher, F. & Lauwers, P. Dopamine and the sick euthyroid syndrome in critical illness. Clin Endocrinol (Oxf).
41,731-7 (1994)

Van den Berghe, G., de Zegher, F. & Lauwers, P. Dopamine suppresses pituitary function ininfants and children. Crit Care Med. 22,
1747-53 (1994).

American Thoracic Society, Infectious Diseases Society of America. Guidelines for the management of adults with hospital-
acquired, ventilator-associated, and healthcare-associated pneumonia. Am J Respir Crit Care Med. 171, 388-416 (2005).

World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical research involving
human subjects. JAMA. 310, 2191-4 (2013).

Espana, P. P. et al. Development and validation of a clinical prediction rule for severe community-acquired pneumonia. Am J Respir
Crit Care Med. 174, 1249-56 (2006).

Buising, K. L. et al. A prospective comparison of severity scores for identifying patients with severe community acquired pneumonia:
reconsidering what is meant by severe pneumonia. Thorax. 61, 419-24(2006).

Farwell, A. P. Nonthyroidal illness syndrome. Curr Opin Endocrinol Diabetes Obes. 20, 478-84 (2013).

SCIENTIFICREPORTS | 6:22271 | DOI: 10.1038/srep22271 7



www.nature.com/scientificreports/

Acknowledgements

This work was supported by grants from National Natural Science Foundation of China (81370176, 81570004),
New Century Scholar Program of Chinese Ministry of Education (NCET-12-0484), and Major Science and
Technology Special Project of Zhejiang Province (2014C13G2010065).

Author Contributions

L.J. contributed to data collection, data analysis, created the tables and figures and drafted the primary
manuscript. W.X. contributed to data collection and revision of the manuscript. L.E, Z.L. and S.L contributed
to data collection and data analysis. X.E. contributed to design, direction, and supervision of data analysis and
revision of the manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Liu, J. et al. Low T3 syndrome is a strong predictor of poor outcomes in patients with
community-acquired pneumonia. Sci. Rep. 6,22271; doi: 10.1038/srep22271 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images
M o1 other third party material in this article are included in the article’s Creative Commons license,

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFICREPORTS | 6:22271 | DOI: 10.1038/srep22271 8


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Low T3 syndrome is a strong predictor of poor outcomes in patients with community-acquired pneumonia

	Results

	Patient characteristics. 
	Univariate and multivariate analysis of risk factors for ICU admission and 30-day mortality. 
	Low T3 syndrome is associated with increased 30-day mortality. 
	Correlation between FT3, FT4, and TSH levels and outcomes of CAP patients. 

	Discussion

	Materials and Methods

	Study population. 
	Data collection and definition of severe CAP. 
	Statistical analysis. 

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Survival analysis for patients with or without low T3 syndrome.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ ROC curves for FT3, FT4, and TSH for 30-day mortality (A) and ICU admission (B).
	﻿Figure 3﻿﻿.﻿﻿ ﻿ ROC curves for PSI and low FT3 + PSI for 30-day mortality (A) and ICU admission (B).
	﻿Figure 4﻿﻿.﻿﻿ ﻿ ROC curves for CURB-65 and low FT3 + CURB-65 for 30-day mortality (A) and ICU admission (B).
	﻿Table 1﻿﻿. ﻿ Baseline characteristics of survivors and non-survivors among CAP patients.
	﻿Table 2﻿﻿. ﻿ Multivariate logistic regression analyses of risk factors associated with 30-day mortality and ICU admission among CAP patients.
	﻿Table 3﻿﻿. ﻿ Characteristics of CAP patients with or without low T3 syndrome.



 
    
       
          application/pdf
          
             
                Low T3 syndrome is a strong predictor of poor outcomes in patients with community-acquired pneumonia
            
         
          
             
                srep ,  (2016). doi:10.1038/srep22271
            
         
          
             
                Jinliang Liu
                Xuejie Wu
                Fang Lu
                Lifang Zhao
                Lingxian Shi
                Feng Xu
            
         
          doi:10.1038/srep22271
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep22271
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep22271
            
         
      
       
          
          
          
             
                doi:10.1038/srep22271
            
         
          
             
                srep ,  (2016). doi:10.1038/srep22271
            
         
          
          
      
       
       
          True
      
   




