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Background: Cardiothoracic ratio by chest radiography is commonly used to assess volume status. Little is

known about the relationships between cardiothoracic ratio and the incidence of clinical outcomes in patients

undergoing hemodialysis (HD).

Study Design: Prospective cohort study.

Setting & Participants: 3,436 participants in the Q-Cohort Study 18 years or older who underwent main-

tenance HD in Japan.

Predictor: Cardiothoracic ratio.

Outcomes & Measurements: All-cause mortality and cardiovascular disease (CVD) events.

Results: During a 4-year follow-up period, 564 (16.4%) patients died of any cause and 590 (17.2%)

developed CVD events. From baseline cardiothoracic ratios, participants were categorized into sex-specific

quartiles because cardiothoracic ratio distribution differed by sex. The 4-year event-free survival rate, in

terms of all-cause mortality and CVD events, was significantly lower with higher cardiothoracic ratios.

Compared to the lowest cardiothoracic ratio (quartile 1), multivariable-adjusted HRs for all-cause mortality

were 0.89 (95% CI, 0.66-1.20), 1.41 (1.08-1.86), and 1.52 (1.17-2.00) in patients from quartiles 2, 3, and 4,

respectively. Similarly, in comparison to quartile 1, multivariable-adjusted HRs for CVD events were 1.00

(95% CI, 0.77-1.31), 1.18 (0.92-1.53), and 1.37 (1.07-1.76) in patients from quartiles 2, 3, and 4,

respectively. Furthermore, the combination of higher cardiothoracic ratio and normohypotension (systolic

blood pressure , 140 mm Hg and diastolic blood pressure , 90 mm Hg) was associated with higher risk

for CVD events.

Limitations: Single measurement of all variables, potentially less-heterogeneous patient population, and

limited ascertainment of cardiac parameters and the outcomes.

Conclusions: Higher cardiothoracic ratio is associated with higher risk for both all-cause mortality and CVD

events in patients undergoing HD.
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radiography; all-cause mortality; CVD event; volume status; volume overload; end-stage renal disease
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Cardiovascular disease (CVD) is the main cause
of death in patients undergoing dialysis.1 Car-

diovascular death in this patient population is esti-
mated to be 10 to 20 times higher than that of the
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general population.2,3 In Japan, up to 40% of deaths
in patients undergoing hemodialysis (HD) are caused
by heart failure, myocardial infarction, and stroke.4

Thus, estimation of risk for CVD events is a pri-
mary goal in improving the prognosis of patients
undergoing maintenance HD.
Cardiothoracic ratio by chest radiography is a sim-

ple, cost-effective, and noninvasive examination for
the assessment of volume status5 and is routinely
measured in dialysis facilities. High cardiothoracic
ratio has been correlated with high risk for mortality in
populations undergoing dialysis, namely patients un-
dergoingmaintenance HD,6 patients with strict volume
control treatment,7 patients without diabetes mellitus,8

and patients undergoing peritoneal dialysis.9

Previous reports suggest that high cardiothoracic
ratio is an independent risk factor for cardiac
dysfunction and left ventricular hypertrophy in
hypertensive patients.10 Volume overload in patients
Am J Kidney Dis. 2017;70(1):84-92
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Cardiothoracic Ratio in HD and Mortality and CV Events
undergoing dialysis is strongly connected to the
development of hypertension, a significant risk factor
for CVD.11 Cardiothoracic ratio could potentially be a
convenient means for detecting uncontrolled hyper-
tension and excessive volume overload and hence
presumably could be useful as a risk marker for CVD.
However, only a limited number of short-term,
retrospective,6 or single-center7-9,12 studies have
examined the relationships between cardiothoracic
ratio and incidence of clinical outcomes (including
all-cause mortality and CVD); the association there-
fore remains unclear. We conducted a large-scale
prospective cohort study of patients undergoing HD
to clarify the relationship between cardiothoracic ratio
and both all-cause mortality and incidence of CVD.

METHODS

Study Population

The Q-Cohort Study is a prospective, longitudinal, multicenter,
observational study in HD patients. A total of 3,598 outpatients 18
years or older who underwent HD at 39 dialysis facilities in
Fukuoka and Saga prefectures in Kyushu, Japan, were eligible to
participate in the study. Patients were enrolled from December
2006 to December 2007. Patients without demographic data
(n 5 65) and patients for whom clinical outcome was not available
(n 5 97) were excluded. The remaining 3,436 patients were
enrolled in the study. The study was conducted with approval from
the Kyushu University Institutional Review Board for Clinical
Research (approval number 20-31). Written informed consent was
obtained from all patients. The study was registered in the Uni-
versity Hospital Medical Information Network (UMIN) clinical
trial registry (UMIN ID: 000000556) and was performed accord-
ing to the Ethics of Clinical Research (Declaration of Helsinki)
requirements.

Follow-up

Patients were followed up from the date of their study regis-
tration to December 2010. Their health conditions were checked
annually by physicians at each dialysis facility and by mail or
telephone for patients who moved to other dialysis facilities not
participating in the study.

Calculation of Cardiothoracic Ratio

Cardiothoracic ratio was calculated from a standard chest
radiograph. The maximal horizontal diameter of the heart was
divided by the horizontal inner width of the rib cage and then
expressed as a percentage. Chest radiographs were performed by
following the policy of each dialysis facility. In almost all dialysis
facilities, chest radiographs were routinely performed predialysis
after a 2-day interdialytic interval in an upright posterior-anterior
view, as recommended in the Japanese guideline.13 We
measured cardiothoracic ratio at the beginning of the observation
period.

Outcomes

The primary outcome was incidence of death from any cause.
The secondary outcome was major cardiovascular events, which
were defined as first-ever development of cardiovascular death,
stroke, myocardial infarction, hospitalization for unstable angina,
coronary intervention (coronary artery bypass surgery or angio-
plasty), hospitalization for heart failure, and peripheral artery
disease. Each disease was defined as previously described.14-16

Briefly, stroke was defined as sudden onset of a nonocclusive
Am J Kidney Dis. 2017;70(1):84-92
and focal neurologic deficit persisting for more than 24 hours.
Myocardial infarction was defined as a diagnosis based on pro-
longed severe chest pain, elevated levels of abnormal cardiac
biochemical parameters, diagnostic electrocardiographic changes,
and morphologic changes (including local asynergy of cardiac
wall motion on electrocardiography or a persistent perfusion defect
on cardiac scintigraphy). Unstable angina was defined as a medical
condition involving chest pain, abnormally elevated levels of
cardiac biomarkers, and diagnostic electrocardiographic changes
that did not meet criteria for myocardial infarction. Heart failure
was defined as an unplanned presentation to an acute-care setting
with signs and symptoms that required active treatment for fluid
removal. Peripheral artery disease was defined as tissue necrosis,
lower-limb amputation, and revascularization procedure for the
peripheral artery. All events were collected from patients’ medical
records.

Risk Factor Measurements

The details of risk factor measurements were previously pub-
lished.14-16 Briefly, demographic information (eg, age, sex, HD
vintage, and cause of end-stage kidney disease [diabetic
nephropathy or other]) and clinical data (eg, hemoglobin, serum
albumin, serum C-reactive protein [CRP], systolic blood pressure
[BP], diastolic BP, body mass index [BMI], and Kt/V) were
collected at baseline. Physicians at each dialysis facility reported
on the use of antihypertensive drugs, such as angiotensin-
converting enzyme inhibitors and angiotensin II receptor
blockers, and a history of diabetes or CVD. History of CVD in-
cludes cerebrovascular disease, coronary artery disease, congestive
heart failure, and peripheral vascular disease. Body height and
weight were measured in light clothing without shoes. All avail-
able data for BP were measured predialysis and collected from the
dialysis records. Blood samples were collected predialysis after a
2-day interdialytic interval from a vascular access. The day of
blood sampling was not always the same as the day of a chest
radiograph. Dialysis doses were measured by a single-pool Kt/V
method.

Statistical Analysis

Baseline data, according to quartiles of cardiothoracic ratio, were
presented as mean 6 standard deviation, median and interquartile
range, or number and percentage. Distributions of baseline data
stratified by quartiles of cardiothoracic ratio were compared using
trend analysis. The event-free survival rate for all-cause mortality
and CVD events according to cardiothoracic ratio was described by
the Kaplan-Meier method and compared by log-rank test. Unad-
justed and multivariable-adjusted hazard ratios (HRs) with 95%
confidence intervals (CIs) of all-cause mortality and CVD events
according to cardiothoracic ratio were calculated using a Cox
proportional hazards model. The assumption of the proportional
hazards was checked graphically using the log cumulative hazard
plots for each outcome according to cardiothoracic ratio. The
multivariable-adjusted model was adjusted for age, sex, dialysis
vintage, cause of end-stage kidney disease, history of CVD,
antihypertensive agent use, systolic BP, serum albumin level,
hemoglobin level, serum CRP level, BMI, and Kt/V. These vari-
ables were based on a priori clinical judgment and the existing
investigations. Heterogeneity in the correlation between subgroups
was tested by adding amultiplicative interaction term to the relevant
Cox model. The high–cardiothoracic ratio group (quartiles 3 and 4)
was compared with the low–cardiothoracic ratio group (quartiles
1 and 2) as the reference. Multivariable-adjusted associations of
cardiothoracic ratio with HRs and 95% CIs for all-cause mortality
and CVD events were plotted using restricted cubic spline. We used
4 knots located at the 5th, 35th, 65th, and 95th percentiles of
cardiothoracic ratio as recommended.17 The multivariable-adjusted
model was adjusted for age, sex, dialysis vintage, cause of
85
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end-stage kidney disease, history of CVD, antihypertensive agent
use, systolic BP, serum albumin level, hemoglobin level, serum
CRP level, BMI, and Kt/V. Age, dialysis vintage, systolic BP,
serum albumin level, hemoglobin level, serum CRP level, BMI, and
Kt/V were treated as spline terms. The value of 50.0%, which was
the overall median cardiothoracic ratio value, was chosen as the
reference for each spline plot. Statistical calculations were
performed using JMP, version 11 for Windows (SAS Institute
Inc), SAS software package, version 9.3 (SAS Institute Inc), and
R statistical software, version 3.2.4 (R Foundation for
Statistical Computing). A difference was considered significant for
P, 0.05.

RESULTS

Distributions of Cardiothoracic Ratio According to Sex

Histograms of cardiothoracic ratios according to
sex are shown in Fig 1 and show normal distributions
for both male and female patients, but with different
median cardiothoracic ratio values. Female patients
(median value, 51.9%) had higher cardiothoracic
ratios than male patients (median value, 49.0%).
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Figure 1. Histograms of cardiothoracic ratio (CTR) according
to sex: (A) male and (B) female.
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Quartiles of cardiothoracic ratio according to sex are
shown in Table 1.

Baseline Characteristics According to Sex-Specific
Cardiothoracic Ratio Quartiles

Baseline characteristics of patients based on sex-
specific cardiothoracic ratio quartiles are listed in
Table 1. Patients with higher cardiothoracic ratios
were older and more likely to have a longer dialysis
vintage; a history of CVD events, including brain
infarction, brain hemorrhage, and heart disease; and a
higher systolic BP. Median serum CRP levels also
increased with higher cardiothoracic ratios. In
contrast, mean values for serum albumin, hemoglo-
bin, and Kt/V decreased with higher cardiothoracic
ratios.

Association of Cardiothoracic Ratio With Risk for
All-Cause Mortality and CVD Events

Categorical Analysis

During the 4-year follow-up period, 564 (16.4%)
patients died of any cause (Table 2). Survival rates
according to cardiothoracic ratio are shown in Fig 2A.
The 4-year survival rate decreased with higher
cardiothoracic ratios (P , 0.001). Patients with the
highest cardiothoracic ratios (quartile 4) had a 1.52-
fold (95% CI, 1.17- to 2.00-fold) higher risk for
all-cause death than those with the lowest cardiotho-
racic ratio (quartile 1) after adjustment for potential
confounders (Table 3). With regard to CVD events,
during the 4-year follow-up period, 590 (17.2%) pa-
tients developed CVD events (Table 2). Event-free
survival rates according to cardiothoracic ratio are
shown in Fig 2B. Higher cardiothoracic ratio was
significantly associated with a lower event-free
survival rate for CVD events (P , 0.001). The
multivariable-adjusted risk for CVD events increased
significantly, with 1.37-fold (95% CI, 1.07- to 1.76-
fold) higher risk in patients with the highest cardio-
thoracic ratios compared with patients with the lowest
cardiothoracic ratios (Table 3).

Continuous Analysis

Multivariable-adjusted restricted cubic spline
revealed that HRs for all-cause mortality and CVD
events increased with increasing cardiothoracic ratios
(Fig 3).

Subgroup Analysis Stratified by Baseline
Characteristics

To assess the relationship between cardiothoracic
ratio and patients’ characteristics, the effect of modi-
fication of subgroups stratified by potential con-
founders was examined (Fig 4). A significant
interaction was observed only between BP and
CVD events. A clearer association between a high
Am J Kidney Dis. 2017;70(1):84-92



Table 1. Baseline Characteristics According to Sex-Specific Cardiothoracic Ratio Quartiles

Variable Total (N 5 3,436)

Q1 (n 5 837;

M: ,46.0%;

F: ,48.3%)

Q2 (n 5 848;

M: 46.0%-,49.0%;

F: 48.3%-,51.9%)

Q3 (n 5 886;

M: 49.0%-,52.5%;

F: 51.9%-,55.5%)

Q4 (n 5 865;

M: $52.5%;

F: $55.5%)

P for

Trend

Age, y 63.7 6 12.8 58.46 13.1 62.5 6 12.3 64.7 6 11.9 68.9 6 11.5 ,0.001

Female sex 1,405 (40.9) 351 (41.9) 346 (40.8) 354 (40.0) 354 (40.9) 0.6

Hemodialysis vintage, y 5.5 [2.1-11.5] 4.4 [1.8-10.4] 5 [1.9-10.9] 6.1 [2.4-12.2] 6.8 [2.8-12.7] ,0.001

Cause of ESKD: diabetes 994 (28.9) 262 (31.3) 240 (28.3) 252 (28.4) 240 (27.7) 0.1

History of CVD 1,158 (33.7) 184 (22.0) 229 (27.0) 310 (35.0) 435 (50.3) ,0.001

History of brain infarction 409 (11.9) 78 (9.3) 74 (8.7) 104 (11.7) 153 (17.7) 0.002

History of brain hemorrhage 126 (3.7) 17 (2.0) 32 (3.8) 31 (3.5) 46 (5.3) 0.004

History of heart disease 775 (22.6) 104 (12.4) 144 (17.0) 218 (24.6) 309 (35.7) ,0.001

Use of antihypertensive agent 2,152 (62.6) 510 (60.9) 518 (61.1) 569 (64.2) 555 (64.2) 0.08

Use of ACE inhibitor/ARB 1,489 (43.3) 370 (44.2) 366 (43.2) 382 (43.1) 371 (42.9) 0.6

Systolic BP, mm Hg 153.06 23.4 149.86 22.4 151.16 22.9 154.96 22.7 156.16 25.1 ,0.001

Diastolic BP, mm Hg 76.4 6 12.3 76.86 12.4 76.0 6 12.0 76.5 6 12.2 76.4 6 13.8 0.8

Serum albumin, g/dL 3.86 0.4 3.96 0.4 3.86 0.4 3.86 0.5 3.7 6 0.5 ,0.001

Hemoglobin, g/dL 10.5 6 1.2 10.6 6 1.1 10.6 6 1.1 10.5 6 1.1 10.36 1.2 ,0.001

Serum CRP, mg/dL 0.13 [0.06-0.30] 0.10 [0.04-0.24] 0.13 [0.05-0.30] 0.13 [0.07-0.30] 0.20 [0.10-0.50] ,0.001

BMI, kg/m2 21.1 6 3.1 21.0 6 2.8 21.3 6 2.9 21.3 6 3.3 21.06 3.4 0.9

Single-pool Kt/V 1.58 6 0.28 1.606 0.27 1.58 6 0.29 1.57 6 0.27 1.57 6 0.28 0.02

Note: Values for categorical variables are given as count (percentage); values for continuous variables, as mean 6 standard

deviation or median [interquartile range].

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; BP, blood

pressure; CRP, C-reactive protein; CVD, cardiovascular disease; ESKD, end-stage kidney disease; F, female; M, male; Q, quartile.

Cardiothoracic Ratio in HD and Mortality and CV Events
cardiothoracic ratio and a higher rate of CVD events
was observed in patients with lower BPs than in those
with higher BPs. Interactions were not evident for any
other potential confounders.

DISCUSSION

In this prospective cohort study of patients under-
going HD, we clearly demonstrated that high
cardiothoracic ratio was associated with high risk for
all-cause mortality and CVD events. Additionally,
subgroup analysis showed that the higher risk for
CVD events was more significant in patients with
normotension/hypotension than in those with hyper-
tension. We highlighted the usefulness of cardiotho-
racic ratio as a potential risk marker for death and
Table 2. Numbers of Individual Cardiovascular Disease

Total

Q1 Q2

M:

,46.0%

F:

,48.3%

M:

46.0%-,49.0%

No. of patients 3,436 486 351 502

No. of deaths 564 (16.4) 53 (10.9) 28 (8.0) 58 (11.6)

No. of CVD events

All CVD events 590 (17.2) 72 (14.8) 35 (10.0) 86 (17.1)

Brain infarction 141 (4.1) 16 (3.3) 10 (2.8) 26 (5.2)

Brain hemorrhage 77 (2.2) 8 (1.6) 3 (0.9) 18 (3.6)

Other 372 (10.8) 48 (9.9) 22 (6.3) 42 (8.4)

Note: Values are given as number and number (percentage).

Abbreviations: CVD, cardiovascular disease; F, female; M, male;

Am J Kidney Dis. 2017;70(1):84-92
CVD in patients undergoing maintenance HD.
Furthermore, findings from our stratified analysis
emphasized that the clinical significance of high
cardiothoracic ratio might be affected by background
comorbid conditions.
In the present study, high cardiothoracic ratio was

independently associated with high risk for all-cause
mortality and CVD events. These associations did
not change even after adjustment for the potential
confounders of age, sex, dialysis vintage, cause of
end-stage kidney disease, history of CVD, antihy-
pertensive agent use, systolic BP, serum albumin
level, hemoglobin level, serum CRP level, BMI, and
Kt/V. High cardiothoracic ratio has been corre-
lated with high risk for mortality in a population
Events by Sex in Each Cardiothoracic Ratio Quartile

Q3 Q4

F:

48.3%-,51.9%

M:

49.0%-,52.5%

F:

51.9%-,55.5%

M:

$52.5%

F:

$55.5%

346 532 354 511 354

33 (9.5) 93 (17.5) 61 (17.2) 144 (28.2) 94 (26.6)

35 (10.1) 102 (19.2) 53 (15.0) 126 (24.7) 81 (22.9)

6 (1.7) 13 (2.4) 13 (3.7) 29 (5.7) 28 (7.9)

3 (0.9) 17 (3.2) 5 (1.4) 12 (2.3) 11 (3.1)

26 (7.5) 72 (13.5) 35 (9.9) 85 (16.6) 42 (11.9)

Q, quartile.
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Figure 2. Event-free survival rate for (A) all-cause mortality and (B) cardiovascular disease (CVD) events according to sex-specific
cardiothoracic ratio quartiles (Q) during the 4-year follow up period.

Yotsueda et al
undergoing dialysis.6-9 A report from Turkey
demonstrated that the 5-year mortality of HD patients
with cardiothoracic ratios$ 48% was higher than that
of patients with cardiothoracic ratios , 48%.7 Our
results were consistent with these useful clinical
findings.
Severalmechanismsmight explain the increased risk

for mortality and CVD events in patients with higher
cardiothoracic ratios. First, cardiothoracic ratio is
recognized as a sensitive marker for detecting volume
overload. Volume overload is known as a factor
that exacerbates arteriosclerosis through reactive
oxygen species2related mechanisms, such as inappro-
priate activation of the renin-angiotensin-aldosterone
Table 3. Hazard Ratios for All-cause Death and CVD E

Q2 (M: 46.0%-,49.0%;

F: 48.3%-,51.9%)

Q3 (M: 49.0%-

F: 51.9%-,5

All-cause death

Unadjusted HR 1.14 (0.85-1.54) 1.96 (1.50

Age- and sex-adjusted HR 0.92 (0.68-1.25) 1.47 (1.12

Multivariable-adjusted HR 0.89 (0.66-1.20) 1.41 (1.08

CVD events

Unadjusted HR 1.15 (0.89-1.49) 1.51 (1.18

Age- and sex-adjusted HR 1.01 (0.78-1.31) 1.26 (0.98

Multivariable-adjusted HR 1.00 (0.77-1.31) 1.18 (0.92

Note: Values are given as HR (95% confidence interval). Quartil

multivariable-adjusted model is adjusted for age, sex, dialysis vinta

pertensive agent use, systolic blood pressure, serum albumin level, he

and Kt/V.

Abbreviations: CTR, cardiothoracic ratio; CVD, cardiovascular d

standard deviation.
a1 SD of CTR was 5.5%.

88
system18-21 and impaired nitric oxide2mediated
vascular endothelial dysfunction22-25 arising from
excessive pressure injury. Therefore, we presume that
high cardiothoracic ratio might reflect a greater arte-
riosclerotic burden caused by volume overload. Sec-
ond, high cardiothoracic ratio also might reflect a low
state of cardiac function caused by potential or overt
congestive heart failure.26 Unfortunately, we did not
obtain detailed information about the diagnosis and
severity of heart failure using atrial/brain natriuretic
peptide levels, echocardiography, andNewYork Heart
Association functional classification. Further studies
should therefore be performed to investigate these
indicators.
vents by Sex-Specific Cardiothoracic Ratio Quartiles

,52.5%;

5.5%)

Q4 (M: $52.5%;

F: $55.5%)

Every 1%

Increase in CTR

Every 1-SDa

Increase in CTR

-2.57) 3.38 (2.64-4.37) 1.08 (1.07-1.10) 1.55 (1.44-1.67)

-1.93) 2.00 (1.55-2.60) 1.06 (1.04-1.07) 1.37 (1.26-1.48)

-1.86) 1.52 (1.17-2.00) 1.04 (1.02-1.05) 1.22 (1.12-1.33)

-1.93) 2.31 (1.83-2.92) 1.06 (1.04-1.07) 1.35 (1.25-1.45)

-1.62) 1.70 (1.34-2.16) 1.05 (1.03-1.06) 1.29 (1.19-1.41)

-1.53) 1.37 (1.07-1.76) 1.03 (1.01-1.05) 1.18 (1.08-1.29)

e 1 (M: ,46.0%; F: ,48.3%) was the reference category. The

ge, cause of end-stage kidney disease, history of CVD, antihy-

moglobin level, serum C-reactive protein level, body mass index,

isease; F, female; HR, hazard ratio; M, male; Q, quartile; SD,

Am J Kidney Dis. 2017;70(1):84-92
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Figure 3. Multivariable-adjusted restricted cubic spline plots of hazard ratio (HR) for (A) all-cause mortality or (B) cardiovascular
disease (CVD) events according to cardiothoracic ratio (CTR). Solid line represents HR and dotted line represents 95% confidence
interval. The horizontal gray line corresponds to the normal reference HR of 1.0. The overall median value of CTR was 50.0% and
was chosen as the reference. The multivariable-adjusted model was adjusted for age, sex, dialysis vintage, cause of end-stage kidney
disease, history of CVD, antihypertensive agent use, systolic blood pressure, serum albumin level, hemoglobin level, serum C-reactive
protein level, body mass index, and Kt/V.

Cardiothoracic Ratio in HD and Mortality and CV Events
In subgroup analysis stratified by baseline charac-
teristics, only an interaction between cardiothoracic
ratio and BP on CVD events was evident. The cor-
relation between high cardiothoracic ratio and high
risk for CVD events was more remarkable in patients
with normo-hypotension than in those with hyper-
tension. Several lines of evidence are consistent with
our results. Some studies have revealed the existence
of a J- or U-shaped association between mortality and
BP in patients undergoing HD.27-29 A possible
explanation of the inverse relationship between mor-
tality and BP is that hypotension with severe heart
failure and low cardiac function might worsen patient
prognosis.27 Hence, it seems likely that the combi-
nation of high cardiothoracic ratio and low BP should
be regarded as a reflection of low cardiac function
attributable to severe heart failure.
The strength of our study is its wide-ranging

nonrestrictive inclusion criteria. Only a few previous
reports to date have examined the relationship
between cardiothoracic ratio and clinical events in
dialysis patients. These studies were conducted in
limited populations, such as patients under strict
volume control without antihypertensive drugs,7

without diabetes mellitus,8 and undergoing perito-
neal dialysis.9 Therefore, these previous findings may
not extrapolate to other populations. Our results could
potentially be more generalizable to the population
undergoing HD because of our wide-ranging inclu-
sion criteria. Another strength of our study is its
prospective cohort study design, on a larger scale and
with longer follow-up than previous reports.6

We believe that our results offer useful clinical
Am J Kidney Dis. 2017;70(1):84-92
information toward understanding the association
between cardiothoracic ratio and mortality and CVD
events.
There were several limitations in our study. First,

cardiothoracic ratio data were collected at only the
baseline examination; thus, misclassification of par-
ticipants into the different categories may have
arisen. If this misclassification occurred, it would
weaken the associations revealed in our study,
biasing results toward a null hypothesis. Second,
participating patients in our cohort study might not
be fully representative of the overall Japanese HD
population. Because participating facilities might
reflect their clinical practice patterns, the manage-
ment of patients could potentially be less heteroge-
neous than in other regions of Japan. Third,
measurement of baseline parameters was not
comprehensive. In particular, cardiac parameters,
such as history of individual heart disease, atrial
fibrillation, and use of anticoagulants and antiplatelet
agents, were missing. Fourth, the available break-
down of CVD events was not detailed (Table 2). We
could not evaluate definite CVD events excluding
simple fluid overload, which was potentially
included as heart failure. Further studies are required
to determine these limitations, which could not be
addressed because of our study design.
In conclusion, our results reveal that a high

cardiothoracic ratio is associated with high risk for
all-cause mortality and CVD events. Moreover,
our findings suggest that the clinical significance
of a high cardiothoracic ratio may be affected
by patients’ comorbid conditions. However, further
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216 1,405 0.04
348 2,031 0.01

134 1,779 0.06
430 1,657 0.001

371 2,442 0.01
193 994 0.06

253 2,278 0.43
311 1,158 0.003

176 887 0.03
388 2,549 0.01

P-value

effect interaction
Variable No. of

Events
No. of

Patients HR (95% CI)

Sex
Female 1.36 (1.01-1.81)

0.79
Male 1.34 (1.07-1.69)

Age
Younger (<65) 1.47 (0.99-2.14)

0.19
Older ( 65) 1.39 (1.14-1.70)

Etiology of endstage kidney disease
Non-diabetic nephropathy 1.33 (1.07-1.65)

0.73
Diabetic nephropathy 1.36 (0.99-1.87)

Past history of CVD
Absence 1.12 (0.84-1.48)

0.54
Presence 1.54 (1.22-1.94)

Blood pressure
Lower 1.43 (1.03-1.98)

0.17
Higher 1.32 (1.06-1.63)

decrease increase

HR (95% CI)
0.50 1.00 2.00

204 1,405 0.01
386 2,031 0.20

217 1,779 0.54
373 1,657 0.01

346 2,442 0.04
244 994 0.14

258 2,278 0.03
332 1,158 0.13

117 887 0.01
473 2,549 0.09

Blood pressure
Lower 1.68 (1.13-2.50)

0.003
Higher 1.19 (0.97-1.45)

Past history of CVD
Absence 1.39 (1.04-1.85)

0.43
Presence 1.19 (0.95-1.49)

Etiology of endstage kidney disease
Non-diabetic nephropathy 1.28 (1.01-1.60)

0.58
Diabetic nephropathy 1.25 (0.93-1.66)

Younger (<65) 1.11 (0.79-1.53)
0.42

Older ( 65) 1.36 (1.10-1.68)

Sex
Female 1.53 (1.13-2.07)

0.14
Male 1.16 (0.92-1.44)

Age

Variable No. of
Events

No. of
Patients HR (95% CI)

P-value

effect interaction
decrease increase

HR (95% CI)
0.50 1.00 2.00

Risk of all-cause mortality

Risk of CVD events

A

B

Figure 4. Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for (A) all-cause mortality or (B) cardiovas-
cular disease (CVD) events in higher cardiothoracic ratios according to subgroups of baseline characteristics. The high–cardiothoracic
ratio group (quartiles 3 and 4) was compared with the low–cardiothoracic ratio group (quartiles 1 and 2) as the reference. The
multivariable-adjusted model was adjusted for age, sex, dialysis vintage, cause of end-stage kidney disease, history of CVD, antihyper-
tensive agent use, systolic blood pressure, serum albumin level, hemoglobin level, serum C-reactive protein level, body mass index, and
Kt/V. Variables relevant to the subgroups were excluded from each model. Higher blood pressure was defined as systolic blood
pressure $ 140 mm Hg or diastolic blood pressure $ 90 mm Hg.

Yotsueda et al
well-conducted prospective cohort studies or clinical
trials are needed to determine the optimal range of
cardiothoracic ratios. Additionally, whether practical
approaches to reduce cardiothoracic ratio can improve
the clinical prognosis of patients undergoing mainte-
nance HD needs to be determined.
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