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Abstract:
Objective Inflammatory cytokines generated in visceral fat have been shown to contribute to the develop-

ment of insulin resistance. The involvement of pulmonary inflammation in insulin resistance remains unclear,

but smoking is known to be a risk factor for diabetes as well as chronic obstructive pulmonary disease. We

herein examined the hypothesis that increased serum levels of lung interstitial injury biomarkers [surfactant

protein (SP)-A, SP-D and Krebs von den Lungen (KL)-6] are associated with the risk of diabetes develop-

ment.

Methods For cross-sectional and longitudinal analyses, we enrolled 750 apparently healthy non-diabetic

subjects who received annual examinations in 2011 or 2012 in the Tanno-Sobetsu cohort.

Results A cross-sectional analysis showed that distinct clinical parameters were associated with SP-A, SP-D

and KL-6. In a multiple regression analysis, independent explanatory variables were Brinkman index and

brain natriuretic peptide (BNP) for SP-A, sex (women), BNP and body mass index (BMI) for SP-D, and age

and BMI for KL-6. A longitudinal analysis of 415 subjects who received annual examinations in both 2011

and 2014 showed that 13 (3.1%) of the patients developed type 2 diabetes during the 3-year follow-up. A

multiple logistic regression analysis showed the KL-6 levels, systolic blood pressure and homeostasis model

assessment of insulin resistance (HOMA-IR) in 2011 to be independently associated with new-onset diabetes.

In a multiple regression analysis for HOMA-IR in 2014, the KL-6 level and BMI in 2011 were selected as

explanatory variables.

Conclusion A modest elevation of the serum KL-6 level is therefore considered to be associated with the

risk for insulin resistance development and new-onset diabetes mellitus in a general population.
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Introduction

The number of patients with diabetes mellitus is rapidly

increasing in all areas of the world (1), and the World

Health Organization (WHO) has undertaken an initiative for

the prevention of and early intervention for diabetes mellitus

(http://www.who.int/diabetes/en/). In addition to general
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public education, the selection of individuals at high risk for

new-onset diabetes for intensive education and guidance is a

reasonable approach in light of limited social resources. A

number of cohort and clinical studies have revealed factors

that are closely associated with new-onset diabetes (2-7).

Besides a sedentary life style (2), the established risk factors

of new-onset type 2 diabetes are demographic and metabolic

parameters such as obesity, family history of diabetes, fast-

ing plasma glucose (PG) level, and the indices of insulin re-

sistance (3-7). Recently, inflammation has received attention

as a factor playing a role in the pathogenesis of diabe-

tes (8-15). The plasma levels of pro-inflammatory cytokines,

such as tumor necrotic factor-alpha (TNF-alpha) and

interleukin-6 (IL-6) are elevated and, conversely, the level of

anti-inflammatory cytokine adiponectin is reduced in dia-

betic patients (9-12). A causal role of the cytokines in diabe-

tes is supported by the findings that pharmacological agents

with anti-inflammatory actions were demonstrated to im-

prove glycemic control in an animal model of diabetes (13)

and in patients with type 2 diabetes (14, 15).

Visceral adipose tissue has been suggested to be a major

source of pro-inflammatory cytokines in type 2 diabetes (8).

However, theoretically, inflammation in other tissues may

also contribute to the development of insulin resistance. In

fact, the incidence of diabetes mellitus has been reported to

be higher in patients with rheumatoid arthritis and those

with psoriasis (16, 17). The lungs are exposed each day to

more than 7,000 L of air containing particles that can poten-

tially increase inflammatory reactions. Active smoking in-

creases the risk of diabetes development by 1.6-fold (18),

and its mechanism possibly includes smoking-induced in-

flammation, though the activation of sympathetic nerves by

smoking has been shown to acutely impair glucose toler-

ance (19). Interestingly, a few earlier studies (20, 21) indi-

cated associations between insulin resistance and biomarkers

of interstitial lung injury. Fernández-Real et al. (20) showed

that the serum level of surfactant protein-A (SP-A) was in-

versely correlated with an index of insulin sensitivity in

men, and Takahashi et al. (21) reported that the serum level

of Krebs von den Lungen-6 (KL-6) was significantly higher

in patients with type 2 diabetes. However, besides lung dis-

eases, the factors that influence serum levels of SP-A, KL-6

and surfactant protein-D (SP-D) have not yet been character-

ized, and the relationships between the three biomarkers and

the risk of diabetes development have not so far been sys-

tematically examined.

The aim of the present study was to determine whether

the commonly used biomarkers of interstitial lung injury,

SP-A, SP-D and KL-6 (22, 23), are associated with insulin

resistance and/or risk of new-onset diabetes mellitus in the

general population. To this end, we retrieved data from the

Tanno-Sobetsu study, a prospective cohort study (4, 24-26).

First, a cross-sectional analysis was conducted using the

data collected in 2011-2012 to clarify the distribution of SP-

A, SP-D and KL-6 data in 750 apparently healthy subjects

and also to examine whether any of the demographic and

clinical parameters are associated with variations in each of

the three biomarkers. Second, a longitudinal analysis was

performed using data collected in 2011 and 2014 to deter-

mine the factors that are significantly associated with new-

onset diabetes during a 3-year follow-up. The results of the

cross-sectional and longitudinal analyses suggest that KL-6,

but not SP-A or SP-D, is independently associated with the

risk of developing insulin resistance and it is therefore a risk

factor for new-onset diabetes in Japanese.

Materials and Methods

The present study was approved by the Ethics Committee

of Sapporo Medical University and was conducted in strict

accordance with the principles expressed in the Declaration

of Helsinki. The Tanno-Sobetsu study (4, 24-28) is a pro-

spective cohort study in which residents of two towns,

Tanno and Sobetsu, were recruited for annual or biannual

medical examinations. Written informed consent was ob-

tained from all subjects who participated in this study. The

present study was performed as one of the SPRUCE (Sap-

poro Medical University Affiliates for Common Disease and

Education) projects in Sapporo Medical University.

Study subjects in Study 1, a cross-sectional analysis

We screened the subjects who participated in the Tanno-

Sobetsu study and enrolled subjects who met the following

criteria: 1) attended annual examination in Sobetsu in 2011

or 2012, 2) were not on regular medications at the time of

the examination and 3) were free from diseases that require

strict medical follow-up and/or treatments at the time of the

examination. Information regarding past and concurrent dis-

eases and treatments was obtained from the study partici-

pants by public health nurses at the time of annual examina-

tions.

Study subjects in Study 2, a longitudinal analysis

The subjects included in the longitudinal analysis met the

following criteria: 1) attended annual examinations in both

2011 and 2014, 2) were not on regular medications at the

examination in 2011, and 3) were free from diseases, in-

cluding diabetes, that require strict medical follow-up and/or

treatments at the time of the examination in 2011. At the ex-

amination in 2011 and 2014, the subjects were diagnosed to

have diabetes if they meet one of the following criteria: fast-

ing PG of �126 mg/dL and hemoglobin A1c (HbA1c) of

�6.5% (29); history of new-onset diabetes diagnosed after

the examination in 2011; or concurrent medical treatments

for diabetes.

Measurements

The study subjects received medical examinations in the

early morning after an overnight fast. Systolic blood pres-

sure (BP) and diastolic BP were measured twice by medical

doctors after a 5-min rest on a seat and the values were av-

eraged. Peripheral venous blood was drawn to determine the
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Table　1.　Baseline Characteristics of the Study Subjects in Study 1.

Total (n=750) Male (n=314) Female (n=436)

Age (years) 65.7±13.8 66.0±13.4 65.5±14.1

BMI (kg/m2) 23.3±3.6 23.9±3.4 22.9±3.7**

Systolic BP (mmHg) 137.9±22.4 139.5±19.4 136.7±24.3

Diastolic BP (mmHg) 76.7±11.7 78.4±11.0 75.4±12.0**

Brinkman index 618.0±468.6 705.4±475.4 395.3±369.3**

Current smoker, n (%) 213 (28.4%) 153 (48.7%) 60 (13.8%)**

Triglyceride (mg/dL) 87 (28-1,482) 97.5 (28-1,482) 83 (30-438)**

HDL-cholesterol (mg/dL) 65.6±17.8 59.9±15.8 69.8±18.0**

LDL-cholesterol (mg/dL) 120.7±29.7 116.8±30.4 123.6±28.9**

Fasting PG (mg/dL) 99.7±23.6 104.0±26.2 96.5±21.0**

HbA1c (%) 5.6±0.7 5.7±0.8 5.5±0.6**

Uric acid (mg/dL) 5.2±1.3 5.9±1.2 4.7±1.2**

eGFR (mL/min/1.73 m2) 61.8±15.7 54.0±13.4 67.4±14.8**

HOMA-IR 1.66±2.08 1.82±2.21 1.54±1.98

hsCRP (mg/dL) 0.032 (0.004-0.50) 0.036 (0.004-0.50) 0.027 (0.004-0.50)

BNP (pg/mL) 20.3 (4.0-610.4) 33.9 (4.0-610.4) 22.5 (4.0-529.5)

SP-A (ng/mL) 33.8 (10.2-171.0) 32.6 (10.2-171.0) 34.3 (10.5-132.0)

SP-D (ng/mL) 51.4 (17.2-688.0) 55.7 (17.2-688.0) 47.4 (17.2-360.0)**

KL-6 (U/mL) 266.0 (112.0-2,070) 280.0 (121.0-1,590) 262.0 (112.0-2,070)*

Data are presented as mean±SD, n (%), or median (range). *p<0.05, **p<0.01 vs. Male.

BMI: body mass index, BP: blood pressure, HDL: high-density lipoprotein, LDL: low-density lipoprotein, 

PG: plasma glucose, eGFR: estimated glomerular filtration ratio, HOMA-IR: homeostasis model assessment-

insulin resistance, hsCRP: highly sensitive C-reacting protein, BNP: B-type natriuretic polypeptide, SP: sur-

factant protein, KL: Krebs von den Lungen

PG and serum biochemical parameters: high-density lipopro-

tein cholesterol (HDL-cholesterol), total cholesterol (TCHO),

triglycerides, serum creatinine, high-sensitivity C-reactive

protein (hs-CRP) and brain natriuretic peptide (BNP). The

Friedewald formula (TCHO - HDL-cholesterol-triglycerides/

5) was used to calculate the low-density lipoprotein choles-

terol (LDL-cholesterol). The estimated glomerular filtration

rate (eGFR) was calculated from the data for serum cre-

atinine, age and sex by use of equations for Japanese (30).

HbA1c was determined using the latex coagulation method

and expressed according to the National Glycohemoglobin

Standardization Program (NGSP) scale. The PG level was

measured by the hexokinase method. Homeostasis model as-

sessment of insulin resistance (HOMA-IR), an index of in-

sulin resistance, was calculated as previously reported (31).

The serum levels of SP-A and KL-6 were measured by a

chemiluminescent enzyme immunoassay (HISCL SP-A kit,

Sysmex, Kobe, Japan; Picolumi KL-6, Eisai, Tokyo, Japan)

and the SP-D level was measured by an enzyme immunoas-

say (SP-D Yamasa-EIA II, Kyowa-Medex, Tokyo, Japan).

Statistical analysis

Numeric variables are expressed as the means±SD for

normally distributed variables and as median (ranges) for

variables without a normal distribution. The normality of

data distribution was evaluated using the Shapiro-Wilk W

test. Student’s t-test was used for testing differences between

the group means of data that showed a normal distribution.

Because the triglycerides, BNP, hs-CRP, SP-A, SP-D, KL-6

and HOMA-IR data were not normally distributed, inter-

group differences in the means of these parameters were

tested by the Mann-Whitney U test. Data for the variables

that were not normally distributed were logarithmically

transformed in regression analyses. The relationships be-

tween parameters were examined using simple and multiple

linear regression analyses. In a multiple linear regression

analysis, we selected the dependent variables using the step-

wise method based on Akaike’s Information Criterion (AIC).

A multiple logistic regression analysis was used to closely

examine the parameters associated with new-onset diabetes

mellitus. A receiver operating characteristic (ROC) curve

analysis was performed to calculate the cutoff values to pre-

dict new-onset diabetes. Statistical analyses were carried out

using JMP Pro (version 12.2.0, SAS Institute, Cary, USA).

Inter-group differences in the rate of smokers were exam-

ined by the chi-square test. A difference was considered to

be statistically significant if p was less than 0.05.

Results

1. Study 1: A cross-sectional analysis

Demographic and clinical characteristics of the study
subjects

Demographic parameters and metabolic profiles of the

subjects are summarized in Table 1. In comparison to men,

women had a smaller BMI, lower diastolic BP, smaller

Brinkman index, a lower rate of smokers, lower levels of tri-
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Table　2.　Correlation Coefficients among SP-A, SP-D, KL-6 and Clinical Pa-
rameters.

Log SP-A Log SP-D Log KL-6

r p r p r p

Age (years) 0.260 <0.001 0.090 0.014 0.250 <0.001

BMI (kg/m2) -0.021 0.560 -0.077 0.034 0.220 <0.001

Systolic BP (mmHg) 0.200 <0.001 0.034 0.350 0.180 <0.001

Diastolic BP (mmHg) 0.015 0.680 -0.045 0.220 0.130 0.001

Brinkman index 0.190 0.005 0.170 0.015 0.240 <0.001

Log Triglyceride (mg/dL) 0.140 <0.001 -0.076 0.038 0.180 <0.001

HDL-cholesterol (mg/dL) -0.058 0.110 0.001 0.970 -0.150 <0.001

LDL-cholesterol (mg/dL) 0.089 0.015 0.012 0.740 0.085 0.019

Fasting PG (mg/dL) 0.045 0.220 0.000 0.990 0.130 <0.001

HbA1c (%) 0.081 0.027 0.051 0.160 0.180 <0.001

Uric acid (mg/dL) 0.036 0.330 0.069 0.057 0.120 <0.001

eGFR (mL/min/1.73 m2) -0.110 0.004 -0.110 0.002 -0.220 <0.001

Log HOMA-IR -0.034 0.360 -0.011 0.770 0.170 <0.001

Log hsCRP (mg/dL) 0.087 0.033 0.066 0.110 0.220 <0.001

Log BNP (pg/mL) 0.300 <0.001 0.180 <0.001 0.093 0.012

Log SP-A (ng/mL) - - 0.280 <0.0001 0.240 <0.001

Log SP-D (ng/mL) - - - - 0.270 <0.001

BMI: body mass index, BP: blood pressure, HDL: high-density lipoprotein, LDL: low-density lipo-

protein, PG: plasma glucose, eGFR: estimated glomerular filtration ratio, HOMA-IR: homeostasis 

model assessment-insulin resistance, hsCRP: highly sensitive C-reacting protein, BNP: B-type natri-

uretic polypeptide, SP: surfactant protein, KL: Krebs von den Lungen

Table　3.　Multiple Linear Regression Analysis for Log 
SP-A.

Estimate SE β p

Age (years) 0.00035 0.003 0.011 0.900

Sex (women) -0.021 0.037 -0.040 0.570

Brinkman index 0.00017 0.0001 0.170 0.022

Log BNP (pg/mL) 0.14 0.039 0.290 <0.001

BMI (kg/m2) -0.0041 0.009 -0.030 0.640

R2=0.13

Table　4.　Multiple Linear Regression Analysis for Log SP-D.

Estimate SE β p

Age (years) 0.0021 0.002 0.044 0.37

Sex (women) -0.067 0.028 -0.100 0.015

eGFR (mL/min/1.73 m2) -0.0025 0.002 -0.06 0.200

Log BNP (pg/mL) 0.14 0.031 0.200 <0.001

BMI (kg/m2) -0.019 0.007 -0.100 0.007

HbA1c (%) 0.075 0.038 0.076 0.048

R2=0.060

glycerides, fasting PG, HbA1c and SP-D, and higher levels

of HDL-cholesterol, LDL-cholesterol and eGFR. These pro-

files of the study subjects are consistent with those in previ-

ous reports of the Tanno-Sobetsu study (24-28).

Simple regression analyses for SP-A, SP-D and KL-6
To determine the factors that are potentially associated

with the serum levels of SP-A, SP-D and KL-6, we first

performed a simple linear regression analysis between each

of the lung injury biomarkers and demographic and clinical

parameters. Because the data for SP-A, SP-D and KL-6

were not normally distributed, these parameters were trans-

formed to logarithmic variables. As shown in Table 2, the

serum levels of all three biomarkers correlated with age, the

Brinkman index, Log Triglyceride and Log BNP and in-

versely correlated with eGFR. In addition, the SP-A level

correlated with the systolic BP, LDL-cholesterol, HbA1c and

the hs-CRP, SP-D level correlated with the BMI, and the

KL-6 level correlated with the BMI, systolic and diastolic

BPs, HDL-cholesterol, LDL-cholesterol, fasting PG, HbA1c,

uric acid, HOMA-IR, and hs-CRP. SP-A, SP-D and KL-6

significantly correlated with each other, though the correla-

tion coefficients were not large (i.e., 0.24-0.28).

Multiple regression analyses for SP-A, SP-D and KL-6
By using demographic and metabolic parameters as inde-

pendent variables, multiple regression analyses for SP-A,

SP-D and KL-6 were performed. For Log SP-A, the Brink-

man index and Log BNP were selected as significant inde-

pendent variables (Table 3). For Log SP-D, significant inde-

pendent explanatory variables were sex (women), Log BNP,

BMI and HbA1c (Table 4). This result for Log SP-D might

appear to be inconsistent with the lack of any significant

correlation between Log SP-D and HbA1c (Table 2), but the

apparent inconsistency is explained by interactions between

the explanatory variables. Log SP-D negatively correlated

with the BMI (Table 2), the BMI positively correlated

HbA1c (r=0.2, p<0.001), and a multiple regression analysis

for Log SP-D using a BNP-HbA1c interaction term (i.e.,

Log BNP - HbA1c) indicated a significant interaction of the
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Table　5.　Multiple Linear Regression Analysis for Log KL-6.

Estimate SE β p

Age (years) 0.0053 0.003 0.170 0.042

Sex (women) -0.010 0.036 -0.021 0.770

Brinkman index 0.00013 0.0001 0.140 0.058

eGFR (mL/min/1.73 m2) -0.0028 0.002 -0.110 0.220

BMI (kg/m2) 0.028 0.008 0.220 <0.001

R2=0.16

two parameters (Supplementary material Table 1). For Log

KL-6, significant explanatory variables were age and the

BMI (Table 5).

2. Study 2: Longitudinal analysis

Demographic and clinical characteristics of the study
subjects

The baseline characteristics of study subjects in 2011 are

presented in Table 6. The data for demographic and meta-

bolic parameters and their differences between men and

women were similar to those in the cross-sectional analyses

(Table 1) except for the fact that the percentage of current

smokers was lower (15.0% vs. 28.4%).

New-onset diabetes mellitus
Of the 415 study subjects enrolled in 2011, 13 subjects

(3.1%) were found to have developed diabetes mellitus in

2014. As shown in Table 7, there were differences in the

baseline clinical characteristics between the subjects who de-

veloped diabetes and the subjects who remained non-

diabetic; namely, the age was higher, the BMI was larger,

the levels of systolic BP, fasting PG, HbA1c, HOMA-IR and

KL-6 were higher and the serum HDL-cholesterol level was

lower in the subjects who developed diabetes during the fol-

lowing three years. In contrast to the KL-6 level, the SP-D

and SP-A levels in 2011 were similar in the subjects with

and without diabetes in 2014. In the subjects who later de-

veloped diabetes, the mean values of fasting PG and HbA1c

in 2011 were slightly above the upper limits of normal val-

ues of the parameters, suggesting that “prediabetic” subjects

at baseline were included in this longitudinal analysis.

A multiple logistic regression analysis for new-onset
diabetes mellitus

As the number of subjects with new-onset diabetes was

relatively small, we selected four variables in addition to sex

and age to prepare a model by a step-wise method. Since

fasting PG, HbA1c and HOMA-IR are closely correlated

with each other, we prepared three models in which one of

the three metabolic parameters was incorporated together

with Log KL-6 (models 1-3, Table 8). As in earlier stud-

ies (3-7), the fasting PG (model 1), HbA1c (model 2) and

Log HOMA-IR (model 3) were significantly associated with

new-onset diabetes. Log KL-6 was not selected as an inde-

pendent explanatory variable for new-onset diabetes in mod-

els 1 and 2, but Log KL-6 and systolic BP were signifi-

cantly associated with new-onset diabetes in the model in

which Log HOMA-IR was incorporated as an independent

variable (model 3). Neither SP-A nor SP-D was selected as

a significant explanatory variable for new-onset diabetes.

As a post-hoc analysis, we selected patients with both

fasting PG and HbA1c being within normal ranges (i.e.,

fasting PG <110 mg/dl, HbA1c <6.2%) in 2011 (n=352) and

repeated a multiple logistic regression analysis for new-onset

diabetes mellitus. However, since the number of subjects

with new-onset diabetes in 2014 was only 4 (Supplementary

material Table 2), no significant association was detected be-

tween new-onset diabetes and any of clinical parameters

presumably due to a lack of sufficient statistical power (Sup-

plementary material Table 3).

A multiple regression analysis for HOMA-IR
Consistent with the results of a cross-sectional analysis

for the relationships of SP-A, SP-D, KL-6 and HOMA-IR,

none of the lung injury biomarkers in 2011 was selected as

an explanatory variable of Log HOMA-IR in 2011 (data not

shown). However, the BMI and Log KL-6 in 2011 were

found to be independent variables of Log HOMA-IR in

2014 (Table 9).

A receiver operating characteristic (ROC) curve analy-
sis

Since KL-6 was found to be a significant independent

variable for new-onset diabetes in the present cohort, the

predictive value of this parameter was examined by a ROC

curve analysis. The area under the curve (AUC) for KL-6

was 0.63 [95% confidence interval (CI): 0.53-0.73] (Figure).

The optimal cut-off point of KL-6 was 376.0 U/mL with a

sensitivity of 44% and specificity of 84%.

Discussion

The present study showed differences between SP-A, SP-

D and KL-6 in their association with clinical parameters in

a general population not receiving any medical treatment

(Table 3-5). BNP was an independent explanatory variable

for the serum levels of SP-A and SP-D, but not for the level

of KL-6. Interestingly, the KL-6 level correlated with the

BMI and other indices of pre-diabetes individuals (i.e.,

HOMA-IR, fasting PG, triglycerides), but age and BMI

were factors that independently explained the variation in

the serum KL-6 level (Table 2, 5). Furthermore, the serum

KL-6 level was one of the significant explanatory parame-

ters for new-onset diabetes three years later (Table 8) and

HOMA-IR three years later (Table 9). These findings indi-

cate that distinct parameters are involved in the variations of

the SP-A, SP-D and KL-6 levels in the serum and suggest

that KL-6 is a predictor of the risk for insulin resistance and

new-onset diabetes in the general population.

SP-A and SP-D are surfactant lipoproteins produced in

airway Clara cells and alveolar epithelial cells, and KL-6 is

a mucin-like glycoprotein synthesized in alveolar type II

cells and bronchiolar epithelial cells (23). Different patterns

of elevation of these three biomarkers are observed depend-

ing on the type of lung injury, and they are currently util-
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Table　6.　Baseline Characteristics in Study 2: Men vs. Women.

Total (n=415) Men (n=182) Women (n=233)

Age (years) 65.0±12.6 64.5±12.9 65.3±12.4

BMI (kg/m2) 23.3±3.6 24.1±3.6 22.7±3.5**

Systolic BP (mmHg) 137.8±22.2 138.5±19.6 137.2±24.1

Diastolic BP (mmHg) 76.6±11.5 78.5±10.9 75.1±11.7**

Brinkman index 616.1±478.8 688.0±488.4 396.6±375.4**

Current smoker, n (%) 62 (15.0%) 46 (25.4%) 16 (6.9%)**

Triglyceride (mg/dL) 87.0 (30.0-1,070) 91.5 (33.0-1,070) 84.0 (30.0-344)**

HDL-cholesterol (mg/dL) 68.0±17.8 62.3±17.4 72.5±16.7**

LDL-cholesterol (mg/dL) 122.2±28.2 117.3±29.5 126.0±26.7**

Fasting PG (mg/dL) 98.6±23.1 102.5±25.8 95.5±20.2**

HbA1c (%) 5.6±0.8 5.7±0.9 5.5±0.6*

Uric acid (mg/dL) 5.0±1.3 5.8±1.4 4.5±1.0**

eGFR (mL/min/1.73m2) 70.8±13.7 71.9±13.4 70.0±13.8

HOMA-IR 1.57±2.55 1.83±3.60 1.36±1.16

hsCRP (mg/dL) 0.036 (0.004-0.50) 0.041 (0.005-0.50) 0.032 (0.004-0.50)*

BNP (pg/mL) 17.6 (4.0-476.4) 14.8 (4.0-461.7) 21.8 (4.0-476.4)

SP-A (ng/mL) 35.7 (11.3-163.0) 33.8 (11.3-163.0) 36.8 (13.6-150.0)

SP-D (ng/mL) 46.9 (17.2-291.0) 50.7 (17.2-291.0) 45.1 (17.2-221.0)*

KL-6 (U/mL) 261.5 (107.0-1,190) 278.0 (132.0-1,190) 253.0 (107.0-1,120)

Data are presented as mean±SD, n (%) or median (range). *p<0.05, **p<0.01 vs. Male.

BMI: body mass index, BP: blood pressure, HDL: high-density lipoprotein, LDL: low-density lipoprotein, 

PG: plasma glucose, eGFR: estimated glomerular filtration ratio, HOMA-IR: homeostasis model assess-

ment-insulin resistance, hsCRP: highly sensitive C-reacting protein, BNP: B-type natriuretic polypeptide, 

SP: surfactant protein, KL: Krebs von den Lungen

ized for the differential diagnosis of lung diseases (22, 23).

However, variations in the serum levels of SP-A, SP-D and

KL-6 in a general population and the factors that influence

such variations have not yet been characterized. The results

of a multiple regression analysis indicate that distinct vari-

ables are associated with each of the three biomarkers of

lung injury (Table 3-5). Small R2 values (i.e., 0.06-0.16) of

the statistical models for SP-A, SP-D and KL-6 appear to

reflect good specificity of the molecules as biomarkers of

lung injury. However, the results of the present study sug-

gest that the BMI, heart failure and age need to be taken

into account when interpreting the marginal changes in the

serum levels of SP-A, SP-D and KL-6.

Fasting PG, HbA1c and HOMA-IR are major predictors

of diabetes development (3-7). Significant associations of

the three parameters with the risk of new-onset diabetes

were confirmed in the present cohort (Table 8). An associa-

tion of KL-6 with new-onset diabetes was indicated in a

multiple regression model in which HOMA-IR was included

as an independent variable (model 3, Table 8), but not in a

model that included fasting PG or HbA1c as a metabolic pa-

rameter. The follow-up period was relatively short (i.e., three

years), and fasting PG and HbA1c were included in the di-

agnostic criteria of diabetes. In contrast, the impact of in-

flammation on PG is mediated by indirect mechanisms, such

as a reduction in insulin sensitivity (8, 9), and a period of

the pre-diabetic metabolic state precedes elevation of the PG

level to the diabetic level. Thus, a plausible explanation for

the different contributions of KL-6 in the three models of

predictors of new-onset diabetes (Table 8) is the involvement

of inflammation detected by a KL-6 elevation in the devel-

opment of diabetes as a mechanism upstream of the eleva-

tion of the PG level. Although a ROC analysis (Figure) indi-

cated that the KL-6 level is not a sensitive predictor of dia-

betes development as is HOMA-IR, the specificity of KL-6>

376 U/mL was 84%, thus suggesting some practical value.

Earlier studies (20, 32, 33) showed an association of insu-

lin resistance with an elevation of SP-A or a reduction of

SP-D within “its normal range”. Fernández-Real et al. (20)

reported that serum SP-A level was higher in non-smoking

men with glucose intolerance and that there was an inverse

correlation between the serum SP-A level and insulin sensi-

tivity. In contrast, the serum SP-D level was positively asso-

ciated with insulin sensitivity (32), though SP-D gene poly-

morphism may contribute to insulin resistance independently

of the serum SP-D level (33). We attempted to confirm the

associations of SP-A and SP-D with the change in insulin

sensitivity in the present cohort. Although the BMI was a

negative explanatory variable of SP-D (Table 3), HOMA-IR

was not correlated with either SP-A or SP-D (Table 2), and

HOMA-IR or fasting PG was not selected as an independent

variable of SP-A and SP-D (Table 3, 4). Furthermore, nei-

ther of these surfactant proteins was selected as an inde-

pendent variable contributing to the development of diabetes

(Table 8) or to the increase in HOMA-IR (Table 9) during a

three-year follow-up. The reason for these discrepant results

is unclear, but differences in the clinical characteristics of

the study subjects and differences in the methods of insulin
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Table　7.　Baseline Characteristics in Study 2: Subjects who Later De-
veloped Diabetes (Diabetes) vs. Subjects who Remained Non-diabetic 
(Non-Diabetes).

Diabetes (n=13) Non-Diabetes (n=402)

Male (n, %) 6 (46.2%) 177 (44.3%)

Age (years) 68.9±9.1* 64.5±12.9

BMI (kg/m2) 25.4±4.4** 23.1±3.4

Systolic BP (mmHg) 151.2±18.7** 136.2±22.1

Diastolic BP (mmHg) 79.3±13.9 76.2±11.2

Brinkman index 698.1±465.9 606.1±481.1

Current smoker, n (%) 2 (15.4%) 60 (15.0%)

Triglyceride (mg/dL) 107.0 (37.0-296) 85.5 (30.0-1,070)

HDL-cholesterol (mg/dL) 61.2±18.7** 68.8±17.5

LDL-cholesterol (mg/dL) 124.3±29.8 121.9±28.1

Fasting PG (mg/dL) 113.3±20.2* 98.1±23.0

HbA1c (%) 6.3±0.6* 5.6±0.8

Uric acid (mg/dL) 5.3±1.3 5.0±1.3

eGFR (mL/min/1.73 m2) 69.3±14.4 71.0±13.6

HOMA-IR 3.29±6.9** 1.37±1.2

hsCRP (mg/dL) 0.052 (0.010-0.50) 0.034 (0.0040-0.50)

BNP (pg/mL) 16.1 (4.0-476.4) 17.6 (4.0-461.7)

SP-A (ng/mL) 39.9 (14.3-150.0) 35.1 (11.3-163.0)

SP-D (ng/mL) 48.1 (17.2-254.0) 46.8 (17.2-291.0)

KL-6 (U/mL) 306.0 (163.0-1,170)** 258.0 (107.0-1,190)

Data are presented as n (%), mean±SD or median (range). *p<0.05, **p<0.01 vs. Non-

Diabetes.

BMI: body mass index, BP: blood pressure, HDL: high-density lipoprotein, LDL: low-

density lipoprotein, PG: plasma glucose, eGFR: estimated glomerular filtration ratio, 

HOMA-IR: homeostasis model assessment-insulin resistance, hsCRP: highly sensitive 

C-reacting protein, BNP: B-type natriuretic polypeptide, SP: surfactant protein, KL: 

Krebs von den Lungen

Table　8.　Multiple Logistic Regression Analysis for the New-
onset Type 2 Diabetes.

Model 1 Estimate SE χ2 p

Sex (women) 0.0104 0.228 0.002 0.960

Age (years) 0.0305 0.024 1.60 0.210

BMI (2011) (kg/m2) 0.143 0.062 5.31 0.021

Systolic BP (2011) (mmHg) 0.0283 0.011 6.62 0.010

Fasting PG (2011) (mg/dL) 0.0948 0.014 45.0 <0.001

Log KL-6 (2011) 0.716 0.521 1.89 0.170

Model 2 Estimate SE χ2 p

Sex (women) 0.145 0.209 0.479 0.490

Age (years) 0.0213 0.023 0.865 0.350

BMI (2011) (kg/m2) 0.0871 0.060 2.11 0.150

Systolic BP (2011) (mmHg) 0.0206 0.010 3.91 0.048

HbA1c (2011) (%) 2.28 0.357 40.7 <0.001

Log KL-6 (2011) 0.544 0.498 1.19 0.270

Model 3 Estimate SE χ2 p

Sex (women) 0.277 0.183 2.31 0.130

Age (years) 0.0173 0.017 1.00 0.320

BMI (2011) (kg/m2) 0.0332 0.053 0.393 0.530

Systolic BP (2011) (mmHg) 0.0246 0.009 7.38 0.007

Log HOMA-IR (2011) 0.946 0.287 10.8 0.001

Log KL-6 (2011) 1.02 0.412 6.15 0.013

Model 1: R2=0.455, Akaike’s information criterion (AIC)=162.1, Model 2: 

R2=0.373, AIC=184.4, Model 3: R2=0.175, AIC=238.1.
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Figure.　A ROC curve of the use of KL-6 as a predictor of dia-
betes mellitus developmentduring a 3-year period. A ROC 
analysis for KL-6 (2011) to predict new-onset diabetes is shown. 
The optimal cut-off point (*) was 376.0 with a sensitivity of 0.44 
and specificity of 0.84.

Table　9.　Multiple Linear Regression Analysis for Log HOMA-
IR (2014).

Estimate SE β p

Sex (women) 0.0299 0.027 0.048 0.270

Age (years) -0.00190 0.002 -0.039 0.430

BMI (2011) (kg/m2) 0.0812 0.008 0.472 <0.001

Systolic BP (2011) (mmHg) -0.000138 0.001 -0.005 0.920

Log KL-6 (2011) 0.162 0.068 0.108 0.018

R2=0.25

resistance assessment may be involved. The age of the study

subjects was higher and subjects with diabetes were ex-

cluded at the time of enrollment in the present study. An in-

travenous glucose tolerance test with glucose and insulin in-

jection was used to assess insulin sensitivity in earlier stud-

ies (20, 31, 33), while we used HOMA-IR. Thus, the pre-

sent findings do not exclude the possibility of an association

of SP-A or SP-D with insulin resistance, but suggest that the

change in insulin sensitivity associated with changes in the

serum SP-A and SP-D levels was not large enough to be de-

tected by HOMA-IR or by the incidence of new-onset dia-

betes during the three-year follow-up of this study.

To our knowledge, the changes in the serum KL-6 level

in diabetic patients without lung disease has only so far

been examined in one study by Takahashi et al. (21), and it

was shown that the KL-6 level was significantly higher in

diabetic patients than in healthy controls (643.0±32.7, n=176

vs. 206.5±6.1 U/mL, n=237). Interestingly, although the se-

rum KL-6 level was higher in diabetic patients on insulin or

oral hypoglycemic agents than in those on diet and exercise

therapy only, the KL-6 level in diabetic patients did not cor-

relate with the level of glycemic control (21). These findings

suggest that the severity of diabetic complications, but not

hyperglycemia per se, determines an elevation of serum KL-

6 level in patients with diabetes. The present study showed

for the first time that an elevation of the serum KL-6 level

in non-diabetic subjects is associated with a risk of diabetes

development (Table 7-9) and that the level of KL-6 in pre-

diabetic subjects was lower (400.5±240.5 U/mL) than the

level in diabetic patients reported by Takahashi et al. (21).

The mechanism underlying the association of the serum

KL-6 level with the risk of diabetes development is unclear.

However, there are a few possible explanations for the asso-

ciation between KL-6 and diabetic risk. First, inflammatory

cytokines produced together with KL-6 in the lungs may in-

duce insulin resistance, in the same manner as that for vis-

ceral fat-derived TNF-alpha and IL-6. In fact, the KL-6 level

predicted an increase in HOMA-IR three years later (Ta-

ble 9). Although direct evidence of such cytokines is lack-

ing, this explanation is supported by the result of a case-

control study showing that the incidence of diabetes was

2.7-fold higher in patients with idiopathic pulmonary fibro-

sis on no steroid therapy than in control subjects (34). How-

ever, it is notable that both KL-6 and HOMA-IR were se-

lected as explanatory variables of new-onset diabetes (Ta-

ble 8), indicating that insulin resistance associated with a

KL-6 elevation is not the only mechanism of diabetes devel-

opment in subjects with elevated KL-6 levels. Second, an

elevation of KL-6 may be associated with novel risk factors

of diabetes. Recent studies using a metabolomic analysis of

blood samples revealed that a few small peptides and amino

acid profile predict new-onset diabetes (35, 36). KL-6 is ex-

pressed not only in the cells in the respiratory system, but

also in renal tubular cells (22). The relationship between the

KL-6 expression in those cells and the blood metabolomes

associated with risk of diabetes development is therefore an

interesting issue to be examined in the future.

There are some limitations associated with the present

study. First, because chest X-rays were not included in the

annual examinations in the Tanno-Sobetsu study, we cannot

rule out the possibility that there were mild cases of intersti-

tial lung diseases in the study subjects. The mean values of

SP-A, SP-D and KL-6 were similar to those reported previ-

ously for healthy controls (20-22, 32, 33), but in a few sub-

jects, one of the three biomarkers was high despite the ab-

sence of any respiratory symptoms. Second, the follow-up

period in the longitudinal analysis was relatively short.

Thus, risk of diabetes associated with KL-6 elevation might

have been underestimated, and we cannot exclude the possi-

bility that the follow-up period was too short to detect any

associations of the SP-A and/or SP-D levels with the risk of
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new onset diabetes. Third, since we did not use the 75 g-

oral glucose tolerance test for the diagnosis of diabetes mel-

litus, we cannot completely rule out the possibility that

some undiagnosed diabetic patients (i.e., those with fasting

PG<126 mg/dL or HbA1c<6.5%) at baseline may have been

included in the longitudinal analysis. Fourth, we did not col-

lect information regarding passive smoking from the study

subjects. A cohort study in which full-time employees in 12

large companies were enrolled indicated that passive smok-

ing raised the risk of diabetes (37), and thus the possible

contribution of passive smoking to variations in the SP-A,

SP-D or KL-6 levels and to the new-onset diabetes could

not be examined. Finally, because of the lack of any inter-

ventions for KL-6, whether the association of the serum KL-

6 level with the risk of diabetes mellitus is causative or not

remains unclear.

In conclusion, a modest elevation of the serum KL-6 level

was found to be associated with the risk of insulin resis-

tance development and new-onset of diabetes mellitus in a

cohort of the Japanese general population. However, no such

association with the risk of diabetes was observed for SP-A

or SP-D during a three-year follow-up.

Author’s disclosure of potential Conflicts of Interest (COI).
Tetsuji Miura: Honoraria, Daiichi-Sankyo, Behringer-Ingelheim

Japan and MSD.

SPRUCE project investigators (in alphabetical order)
Jyunpei Abe, Koki Abe, Hiroshi Akasaka, Kazunao Doi, Yugo

Fujita, Misaki Fujiwara, Shinobu Fukumura, Toru Furukawa, To-

moko Goto, Syouhei Hakozaki, Sugihiro Hamaguchi, Yukimura

Higashiura, Takahiro Ichikawa, Shoya Ino, Masafumi Inyaku,

Tatsuya Ito, Naofumi Kajii, Masami Kameda, Hirofumi Kaw-

abata, Ayumu Kimura, Shinji Kimura, Yukishige Kimura, Nao-

hiro Kishiue, Kaori Kitahara, Osamu Kondo, Shun Kondo, Aki-

hiko Kubo, Kenichi Kure, Takaaki Kushima, Naoya Masumori,

Takayuki Miki, Tetsuji Miura, Masashi Mizuno, Atsushi Mochi-

zuki, Hirohito Muramatsu, Yohei Nakamoto, Kei Nakata, Yoshi-

fumi Narita, Ippei Neriai, Takanori Noro, Takahiro Noto, Toshi-

fumi Ogawa, Hirofumi Ohnishi, Arata Osanan, Hiroto Oshima,

Shunsaku Otomo, Shunsuke Sakai, Yutaka Sasagawa, Koumei

Sato, Satoru Shibata, Masanori Shiratori, Hitoshi Soma, Nobuaki

Sugihara, Yohei Suzuki, Hiroki Takahashi, Ryo Takahashi, To-

moyuki Takahashi, Yoshinori Takahashi, Haruka Takenaka, Yuto

Takeuchi, Yuko Tanaka, Yuki Tatekoshi, Yuki Toda, Takeshi

Tsugawa, Hironobu Ueda, Takao Wakabayashi, Soichiro Watan-

abe, Takeshi Yamamoto, Wari Yamamoto, Masahiro Yanagi, Saori

Yokoyama, Takafumi Yorozuya.

References

1. Jaacks LM, Siegel KR, Gujral UP, Narayan KM. Type 2 diabetes:

a 21st century epidemic. Best Pract Res Clin Endocrinol Metab

30: 331-343, 2016.

2. Helmrich SP, Ragland DR, Leung RW, Paffenbarger RS Jr. Physi-

cal activity and reduced occurrence of non-insulin-dependent dia-

betes mellitus. N Engl J Med 325: 147-152, 1991.

3. Kodama S, Horikawa C, Fujihara K, et al. Comparisons of the

strength of associations with future type 2 diabetes risk among an-

thropometric obesity indicators, including waist-to-height ratio: a

meta-analysis. Am J Epidemiol 176: 959-969, 2012.

4. Ohnishi H, Saitoh S, Takagi S, et al. Incidence of type 2 diabetes

in individuals with central obesity in a rural Japanese population:

The Tanno and Sobetsu study. Diabetes Care 29: 1128-1129, 2006.

5. Morris DH, Khunti K, Achana F, et al. Progression rates from

HbA1c 6.0-6.4% and other prediabetes definitions to type 2 diabe-

tes: a meta-analysis. Diabetologia 56: 1489-1493, 2013.

6. Abdul-Ghani MA, Williams K, DeFronzo RA, Stern M. What is

the best predictor of future type 2 diabetes? Diabetes Care 30:

1544-1548, 2007.

7. InterAct Consortium, Scott RA, Langenberg C, Sharp SJ, et al.

The link between family history and risk of type 2 diabetes is not

explained by anthropometric, lifestyle or genetic risk factors: the

EPIC-InterAct study. Diabetologia 56: 60-69, 2013.

8. Fernández-Real JM, Pickup JC. Innate immunity, insulin resistance

and type 2 diabetes. Trends Endocrinol Metab 19: 10-16, 2008.

9. Goldberg RB. Cytokine and cytokine-like inflammation markers,

endothelial dysfunction, and imbalanced coagulation in develop-

ment of diabetes and its complications. J Clin Endocrinol Metab

94: 3171-3182, 2009.

10. Duncan BB, Schmidt MI, Pankow JS, et al. Low-grade systemic

inflammation and the development of type 2 diabetes: the athero-

sclerosis risk in communities study. Diabetes 52: 1799-1805, 2003.

11. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-

reactive protein, interleukin 6, and risk of developing type 2 diabe-

tes mellitus. JAMA 286: 327-334, 2001.

12. Li S, Shin HJ, Ding EL, van Dam RM. Adiponectin levels and

risk of type 2 diabetes: a systematic review and meta-analysis.

JAMA 302: 179-188, 2009.

13. Yuan M, Konstantopoulos N, Lee J, et al. Reversal of obesity- and

diet-induced insulin resistance with salicylates or targeted disrup-

tion of Ikkbeta. Science 293: 1673-1677, 2001.

14. Fleischman A, Shoelson SE, Bernier R, Goldfine AB. Salsalate

improves glycemia and inflammatory parameters in obese young

adults. Diabetes Care 31: 289-294, 2008.

15. Goldfine AB, Silver R, Aldhahi W, et al. Use of salsalate to target

inflammation in the treatment of insulin resistance and type 2 dia-

betes. Clin Transl Sci 1: 36-43, 2008.

16. Qureshi AA, Choi HK, Setty AR, Curhan GC. Psoriasis and the

risk of diabetes and hypertension: a prospective study of US fe-

male nurses. Arch Dermatol 145: 379-382, 2009.

17. Solomon DH, Love TJ, Canning C, Schneeweiss S. Risk of diabe-

tes among patients with rheumatoid arthritis, psoriatic arthritis and

psoriasis. Ann Rheum Dis 69: 2114-2117, 2010.

18. Willi C, Bodenmann P, Ghali WA, Faris PD, Cornuz J. Active

smoking and the risk of type 2 diabetes: a systematic review and

meta-analysis. JAMA 298: 2654-2664, 2007.

19. Frati AC, Iniestra F, Ariza CR. Acute effect of cigarette smoking

on glucose tolerance and other cardiovascular risk factors. Diabe-

tes Care 19: 112-118, 1996.

20. Fernández-Real JM, Chico B, Shiratori M, Nara Y, Takahashi H,

Ricart W. Circulating surfactant protein A (SP-A), a marker of

lung injury, is associated with insulin resistance. Diabetes Care 31:

958-963, 2008.

21. Takahashi T, Takamura K, Sakaue S, Ishii J, Yokouchi H,

Nasuhara Y. Elevated serum KL-6 concentrations in patients with

diabetes mellitus. J Diabetes Complications 16: 352-358, 2002.

22. Ohnishi H, Yokoyama A, Kondo K, et al. Comparative study of

KL-6, surfactant protein-A, surfactant protein-D, and monocyte

chemoattractant protein-1 as serum markers for interstitial lung

diseases. Am J Respir Crit Care Med 165: 378-381, 2002.

23. Vij R, Noth I. Peripheral blood biomarkers in idiopathic pulmo-

nary fibrosis. Transl Res 159: 218-227, 2012.



Intern Med 56: 3009-3018, 2017 DOI: 10.2169/internalmedicine.8716-16

3018

24. Mitsumata K, Saitoh S, Ohnishi H, Akasaka H, Miura T. Effects

of parental hypertension on longitudinal trends in blood pressure

and plasma metabolic profile: mixed-effects model analysis. Hy-

pertension 60: 1124-1130, 2012.

25. Yoshihara M, Akasaka H, Ohnishi H, et al. Glucagon-like peptide-

1 secretory function as an independent determinant of blood pres-

sure: analysis in the Tanno-Sobetsu study. PLoS One 8: e67578,

2013.

26. Fujii M, Ohnishi H, Saitoh S, Akasaka H, Miura T, Mori M. The

combination of abdominal obesity and high-sensitivity C-reactive

protein predicts new-onset hypertension in the general Japanese

population: the Tanno-Sobetsu study. Hypertens Res 38: 426-432,

2015.

27. Ohnishi H, Saitoh S, Takagi S, et al. Pulse wave velocity as an in-

dicator of atherosclerosis in impaired fasting glucose: the Tanno

and Sobetsu study. Diabetes Care 26: 437-440, 2003.

28. Ohnishi H, Saitoh S, Akasaka H, Furukawa T, Mori M, Miura T.

Impact of longitudinal status change in metabolic syndrome de-

fined by two different criteria on new onset of type 2 diabetes in a

general Japanese population: the Tanno-Sobetsu Study. Diabetol

Metab Syndr 8: 64, 2016.

29. Seino Y, Nanjo K, Tajima N, et al.; Committee of the Japan Dia-

betes Society on the Diagnostic Criteria of Diabetes Mellitus. Re-

port of the committee on the classification and diagnostic criteria

of diabetes mellitus. J Diabetes Investig 1: 212-228, 2010.

30. Matsuo S, Imai E, Horio M, et al. Collaborators developing the

Japanese equation for estimated GFR. Revised equations for esti-

mated GFR from serum creatinine in Japan. Am J Kidney Dis 53:

982-992, 2009.

31. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,

Turner RC. Homeostasis model assessment: insulin resistance and

beta-cell function from fasting plasma glucose and insulin concen-

trations in man. Diabetologia 128: 412-449, 1985.

32. Fernández-Real JM, Valdés S, Manco M, et al. Surfactant protein

D, a marker of lung innate immunity, is positively associated with

insulin sensitivity. Diabetes Care 33: 847-853, 2010.

33. Pueyo N, Ortega FJ, Mercader JM, et al. Common genetic variants

of surfactant protein-D (SP-D) are associated with type 2 diabetes.

PLoS One 8: e6046, 2013.

34. Kim YJ, Park, Kyung SY, et al. Association of diabetes mellitus

and metabolic syndrome with idiopathic pulmonary fibrosis. Tu-

berc Respir Dis 67: 113-120, 2009.

35. Zhao J, Zhu Y, Hyun N, et al. Novel metabolic markers for the

risk of diabetes development in American Indians. Diabetes Care

38: 220-227, 2015.

36. Guasch-Ferré M, Hruby A, Toledo E, et al. Metabolomics in pre-

diabetes and diabetes: a systematic review and meta-analysis. Dia-

betes Care 39: 833-846, 2016.

37. Hayashino Y, Fukuhara S, Okamura T, et al. A prospective study

of passive smoking and risk of diabetes in a cohort of workers:

the High-Risk and Population Strategy for Occupational Health

Promotion (HIPOP-OHP) study. Diabetes Care 31: 732-734, 2008.

The Internal Medicine is an Open Access article distributed under the Creative

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To

view the details of this license, please visit (https://creativecommons.org/licenses/

by-nc-nd/4.0/).

Ⓒ 2017 The Japanese Society of Internal Medicine

Intern Med 56: 3009-3018, 2017


