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Review on previous studies
	Table A. Previous studies on associations of eosinophil count with complex diseases and intermediate traits.

	Class
	Outcome
	Author (year)
	Population
	Sample size
	Type of study
	Main result

	Metabolic Syndrome

	Obesity

	Meng W. et al.(2012) [1]
	Chinese
	6,513
	Longitudinal cohort study
	The eosinophil level were strong risk factor for obesity. 

	
	
	Kim D.J. et al.(2008) [2]
	Korean
	15,654
	Cross-sectional
	With elevation of the eosinophil count, the risk of obesity in Korean population was increased.

	
	Metabolic syndrome
	Babio N. et al. (2013) [3]  
	Spanish
	4,377 
	Cross-sectional and Longitudianl studies (PREDIMED)
	Participants in the upper quartile of eosinophil count had a greater prevalence of MetS than participants in the lower quartile.

	
	
	Meng W. et al. (2012) [1] 
	Chinese
	6,513
	Longitudinal cohort study
	Eosinophil was not associated with MetS components.

	
	
	Kim D. J. et al. (2008) [2]
	Korean
	15,654
	Cross-sectional
	Total leukocyte count and differential leukocyte count including eosinophil count were independently associated with MetS presence.

	
	
	Shim W. S. et al. (2006) [4] 
	Korean
	822
	Cross-sectional
	With increasing the number of MetS components, eosinophil count were increased in T2D patients.

	
	
	Kim J. A. et al. (2006) [5]
	Korean
	399
	Cross-sectional
	No significant association between eosinophil count and MetS components.

	
	Type 2 Diabetes

	Zhu L. et al. (2013) [6]
	Chinese
	9,111 
	Cross-sectional
	Eosinophil percentage was inversely associated with the risk of T2D  and insulin resistance in normal glucose tolerance individuals.                    

	
	
	Xu W. et al. (2013) [7]
	Chinese
	150 
	Case- control
	Decreased eosinophil count reflect the presence of hyperglycemic emergency.

	
	
	Meng W. et al. (2012) [1]
	Chinese
	6,513
	Longitudinal cohort study
	Eosinophil was not associated with hyperglycemia as a MetS component.

	
	
	Gkrania-Klotsas E. et al. (2010) [8]
	Caucasian
	8,647 T2D and 85,040 non-case
	Systematic review
	Eosinophil count were not significantly associated with risk of T2D; while, total leukocyte count, neutrophil and lymphocyte were associated.

	
	
	Fukui M. et al. (2009) [9]
	Japanese
	783 patients 
	Cross-sectional
	Eosinophil count were positively associated with TG, albumin excretion rate in type 2 diabetic men; while, they were unrelated to albumin excretion in diabetic women.

	
	
	Shim W. S. et al. (2006) [4]
	Korean
	822
	Cross-sectional
	With increasing the number of MetS components, eosinophil count were increased in type 2 diabetic patients.

	
	
	Chung F. M. et al. (2005) [10]
	Taiwanese
	1,480 
	Cross-sectional
	With progression in the diabetes nephropathy, the mean of eosinophil count increased. 

	
	
	Vozarova B. et al. (2002) [11]
	Indian
	352 
	Longitudinal study
	No part of differential white blood cells including eosinophil count was predictive of diabetes either before or after adjustment for age, sex, and body fat.

	Cardiac Disease
	Hypertension
	Meng W. et al. (2012) [1]
	Chinese
	6,513
	Longitudinal cohort study
	Eosinophil was not associated with hypertension as MetS component.

	
	
	Kim D. J. et al. (2008) [2]
	Korean
	15,654
	Cross-sectional
	As eosinophil level was elevated the frequency of hypertension was also increased.

	
	Myocardial infarction
	Gudbjartsson D. F.  et al. (2009) [12]
	European
	6,650 cases and 40,621 control
	Meta-GWAS
	Eosinophil associated SNP rs3184504 also associated with an increased risk of myocardial infarction in six different populations.

	Pulmonary Disease
	COPD
	Bafadhel M. et al. (2011) [13] 
	British
	145
	Longitudinal cohort study
	There were similar increases in sputum and blood eosinophil numbers during COPD exacerbation.

	
	
	Gorska K. et al. (2008) [14] 
	Polish
	17
	Observational
	Higher eosinophil count were in induced sputum in COPD patients.

	
	
	Siva R. et al. (2007) [15] 
	British
	82 
	Randomized control trial
	Modulation of eosinophilic airway inflammation have effect on outcome in COPD patients.

	
	
	Hospers J. J. et al. (2000) [16]
	Netherlands
	5,383
	Longitudinal cohort study
	eosinophilia is associated with increased all-cause mortality in a study on asthma and COPD in a general population sample.

	
	
	Mensinga T. T. et al. (1992) [17]
	Netherlands
	4,242
	Longitudinal cohort study
	An association of eosinophilia with lower levels of FEV1 is independent of the effect of cigarette smoking.

	
	Asthma
	Talina D. et al. (2015) [18]
	Italian
	39 
	Observational
	Sputum eosinophilia were significantly associated with a greater decline in FEV1 in occupational asthma patients.

	
	
	Hastie A. T. et al. (2013) [19]
	American
	328
	Cross-sectional 
	Sputum eosinophil was significantly correlated with asthma severity.

	
	
	Broekema M. et al. (2010) [20] 
	Netherlands
	47
	Cross-sectional
	There was association between high eosinophil level in bronchial biopsies and accelerated FEV1 decline in adult patients with asthma.

	
	
	Gudbjartsson D. F.  et al. (2009) [12]
	European
	7,996 cases and 44,890 control
	Meta-GWAS
	Eosinophil associated SNP rs1420101 also associated with asthma in ten different population.

	
	
	Hospers J. J. et al. (2000) [16]
	Netherlands
	5,383
	Longitudinal cohort study
	eosinophilia is associated with increased all-cause mortality in a study on asthma and COPD in a general population sample.

	
	
	Jatakanon A. et al. (2000) [21]
	British
	15 
	Case-control
	There was significant correlation between increases in sputum eosinophils with asthma subsequent exacerbations and decreases in airway function including FEV1. 







2
3

Methods
I. Ascertainment of T2D in LifeLines
The approach for ascertainment of T2D in LifeLines is presented in Figures A and B. In the LifeLines cohort all participants filled in a structured questionnaire and were subjected to a medical examination at baseline. Four sources of ascertaining T2D were recorded in LifeLines: a) self-reported T2D, b) fasting glucose (FG), c) hemoglobin A1c (HbA1c), and d) anti-T2D medication use. The data were interpreted using two main categories of (A) subjects with a positive self-report of T2D, and (B) subjects who did not report a clinical history of T2D, but have a positive finding in favor of the diagnosis of T2D.
a) At baseline, all individuals who agreed to participate received a self-administered general questionnaire containing questions on demographic characteristics, presence of chronic diseases, and risk factors for chronic diseases. The questionnaire contained four questions on diabetes. Participants were asked if they had been diagnosed with diabetes previously (level 1), and if yes, additional questions on the type of diabetes (level 2) (type 1 diabetes, T2D, other types, I do not know), the year of diagnosis and type of treatment were asked (level 3) (no treatment, oral glucose-lowering medication, insulin injection, oral glucose-lowering medication and insulin injection together, and diet).
b, c) FG and HbA1c: FG and HbA1c (Roche, Germany) were measured using standard assays and procedures by LifeLines research and UMCG medical laboratories. Based on the latest guidelines on screening and diagnosis of T2D the threshold for detection of T2D was ≥7.0 mmol/L for FG and ≥6.5% for HbA1c [22-24]. 
 d) Medication use: The questionnaire contained questions concerning anti- T2D medications use. ATC codes of anti-T2D medications used by participants (i.e. oral glucose-lowering medication or insulin) have been recorded by pharmacist students. Recorded ATC codes for anti-T2D medications in database were A10AB01-A10AB04-A10AB05-A10AB06-A10AC01-A10AC04-A10AD05-A10AD01-A10AE04-A10AE05-A10BA01-A10BA02-A10BB01-A10BB02-A10BB03-A10BB09-A10BB12-A10BD02-A10BG03-A10BH01.
Elucidation: Based on previous studies [25-29] combining self-reported data with alternative ascertainment source might contribute to a higher identification of T2D cases. In this study, T2D was defined as either self-reported T2D (Figure A), or in undiagnosed T2D it was based on FG≥7.0 mmol/L or HbA1c≥6.5% or recorded anti-T2D medication use (Figure B).
I. A. Subjects with a positive self-reported on diabetes (Figure A): 
Self-reported diabetes resulted in six different scenarios when cross checked with medical records and FG and HbA1c measurements. These included: 
Scenario 1 (N=19): Individuals who reported they had diabetes and the type of diabetes was T2D but this was not supported based on self-reported type of treatment (missing). So, T2D in these individuals was diagnosed according to the recorded anti- T2D medication use or FG≥7.0 or HbA1c≥6.5, when data available.
Scenario 2 (N=10): Individuals who reported they had diabetes and the type of diabetes was T2D but they were not under treatment. So, T2D was considered when participants reported use of anti- T2D medication or when participant had a FG≥7.0 or HbA1c≥6.5.
Scenario 3 (N=252): Individuals who reported they had diabetes and the type of diabetes was T2D. Moreover, they reported to be on treatment with insulin, or tablet, or insulin and tablet together, or diet. They were considered as T2D patients. 
Scenario 4 (N=1): Individuals who reported they had diabetes but they did not know which type of diabetes. These individuals had not self-reported on type of treatment. So, T2D was considered based on the recorded anti- T2D medication use or FG≥7.0 or HbA1c≥6.5.
Scenario 5 (N=0): Individuals who reported they had diabetes but did not know which type of diabetes. These individuals reported not to be on treatment. So, T2D was considered when participants used anti- T2D ATC codes medication or when participants had FG≥7.0 or HbA1c≥6.5.
Scenario 6 (N=6): Individuals who reported they had diabetes but they did know which type of diabetes. Moreover, these individuals reported they used anti-hyperglycemic tablets, insulin, or tablets and insulin together, or diet; then, T2D was considered according to the anti- T2D ATC codes medication use or FG≥7.0 or HbA1c≥6.5.
Individuals who reported to have type 1 diabetes or other type of diabetes, they were controlled for the use of anti-T2D medication or FG≥7.0 or HbA1c≥6.5 and age of onset (>30 years old) to make sure they did not have T2D.
I. B. Subjects with a negative self-reported on diabetes (Figure B): 
There were 12,943 subjects who did not report having been diagnosed of T2D. We followed three different scenarios to confirm absence of T2D in these individuals: 
Scenario 1 (N=0): Individuals who reported they did not have diabetes, but they self-reported positive on type of diabetes and treatment for diabetes. These individuals were further checked if they reported use of anti-glycemic medication or if they had FG≥7.0 or HbA1c≥6.5. When all these were negative, we considered subjects as no T2D patients.
Scenario 2 (N=213): Individuals who reported they did not have diabetes and they did not report on type of diabetes or treatments. We checked if they used anti- T2D medication or if they had FG≥7.0 or HbA1c≥6.5.
Scenario 3 (N=6): Individuals who had missing answers on having diabetes or not. We considered T2D when participant was user of anti- T2D medication or participant had FG≥7.0 or HbA1c≥6.5.
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Figure A: Ascertainment of self-reported T2D in the LifeLines cohort study.
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[image: ]Figure B: Ascertainment of non-self-reported T2D in the LifeLines cohort study.

T2D= 507/13,301=3.81%
ATC recorded medication= 264
Self -reported medication= 248
FG≥7= 291
HbA1c ≥ 6.5= 365
Diet= 49
ATC Codes T2D= A10AB01-A10AB04-A10AB05-A10AB06-A10AC01- A10AC04-A10AD05-A10AD01-A10AE04-A10AE05
A10BA01- A10BA02-A10BB01- A10BB02-A10BB03-A10BB09-A10BB12-A10BD02-A10BG03-A10BH01
Check for FG≥7 or HbA1c≥6.5
N= 213
5) Rest
N=12,846
Check for Med or FG≥7 or HbA1c≥6.5
Check for Med* or FG≥7 or HbA1c≥6.5
Missing
N=78
Check for MED
N= 0
2) T2D
N=1
1) T1D
N=0
Diabetes=No
N=12,865
Database
N=13,301


Do you have diabetes?
(Level 1)


Which type of diabetes?
Options: 1-5
 (level 2)


4) I do not know
N=8
3) Other type N=10


No Treat N=0
Tablet  N=0
Insulin  N=0
Tab&Ins  N=0
Diet   N=0

Which type of treatment?
(level 3)







Scenario 3
T2D
N=6
Scenario 2
T2D
N= 213
Scenario 1
T2D
N=0
Conclusion on diagnosis of diabetes



[image: ]
*Med: Recorded ATC codes medication use



6
7

II. Ascertainment of asthma (Figure C):
 In brief, the definition of asthma in the cohort was based on a self-reported clinical diagnosis of asthma or two and more symptoms of asthma and asthma medication use. Figure C shows ascertainment of asthma in the LifeLines cohort study. Ascertainment of asthma was based on three available sources of a) self-reported asthma, b) symptoms of asthma, and c) recorded ATC codes medication use in database.  
a) Self-reported asthma: We defined self-reported asthma as positive answers to both questions “Have you ever had asthma?” and “If so, this was confirmed by a doctor?’’. 
 b) Asthma symptoms: Individuals were considered to have asthma symptoms if two or three of the following questions were answered positively: “Have you ever suffered from wheezing?”, “Have you ever had an attack of shortness of breath at rest?”, “Have you ever been woken by an attack of shortness of breath?”.  
c) Asthma medications:  Asthma medications included any of the following medications categories: beta-2-adrenoreceptor agonists, combimed (adrenergics in combination with corticosteroids or other drugs, excluding anticholinergics), inhaled corticosteroids, anticholinergics, theofyllines, montelukast, cromoglycates. Asthma medication and related ATC codes in database were recorded by pharmacist students and they were as following: R03AC02, R03AC03, R03AC12, R03AC13, R03CC02, R03CC03, R03AK03, R03AK06, R03AK07, R03BAC01, R03BA02, R03BA03, R03BA04, R03BA05, R03BA08, R03BB01, R03BB02, R03BB04, R03BC01, R03BC03, R03DA04, R03DC003. 
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Figure C: Asthma disease ascertainment in the LifeLines cohort study.
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Results

	Table B. Multivariate regression results of basic model and full models of ln-transformed eosinophil count with studied intermediate traits and diseases in metabolic class.

	
	         Model I
	   Model II
	      Model III

	
	Sβ ± SE

	ln-transformed BMI
	 0.04 ± 0.002***
	0.04 ± 0.002***
	 0.005 ± 0.002

	ln-transformed Triglycerides
	 0.07 ± 0.007***
	0.06 ± 0.007***
	 0.009 ± 0.007

	Total Cholesterol
	 0.04 ± 0.003***
	0.04 ± 0.003***
	   0.04 ± 0.003***

	High-Density Lipoprotein
	-0.06 ± 0.004***
	      -0.05 ± 0.004***
	-0.005 ± 0.004

	Low-Density Lipoprotein
	 0.05 ± 0.004***
	0.04 ± 0.004***
	  0.04 ±0.004***

	HbA1c
	 0.05 ± 0.006***
	0.04 ± 0.006***
	       0.01 ±0.007

	Fasting glucose
	      0.02 ± 0.013
	        0.008 ± 0.013
	       0.01 ± 0.013

	
	OR (95%CI)

	Obesity
	     1.18 (1.09-1.28)***
	      1.18 (1.09-1.28) ***
	      1.01 (0.92-1.09)

	Metabolic Syndrome
	     1.29 (1.19-1.39)***
	      1.29 (1.19-1.39) ***
	      1.07 (0.98-1.162)

	Type 2 diabetes
	 1.12 (0.98-1.28)
	      1.05 (0.91-1.20)
	      0.93 (0.80-1.08)

	
*** Associations are significant at a p-value<0.00076  
Sβ: standardized coefficient, BMI: body mass index, HbA1c: hemoglobin A1c.
#1: Model I All analysis on intermediate traits and diseases were adjusted for confounding effect of age, age2, and sex.  Model II All analysis on intermediate traits were adjusted for confounding effect of age, age2, sex, BMI (with exception on BMI) and smoking habit. Analysis models on diseases were adjusted for confounding effect of age, age2, sex, and smoking habit; as well as, BMI also was adjusted on type 2 diabetes. Model III All analysis on intermediate traits were adjusted for confounding effect of age, age2, sex, BMI (with exception on BMI), smoking habit, and leukocytes count. Analysis models on diseases were adjusted for confounding effect of age, age2, sex, smoking habit, and leukocytes count; as well as, BMI was adjusted on type 2 diabetes.  
#2: Standardized coefficient (Sβ) means a one-standard deviation higher eosinophil count would result in a βxSD change in the outcome variables.
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	Table C. Multivariate regression results of basic model and full models of ln-transformed eosinophil count with studied intermediate traits and diseases in cardiac class. 

	
	Model I
	Model II
	Model III

	
	Sβ ± SE

	ln-transformed SBP
	0.02 ± 0.002
	0.007 ± 0.002
	-0.02 ± 0.002

	ln-transformed DBP
	0.02 ± 0.002
	      0.01 ± 0.002
	  -0.005 ± 0.002

	ln-transformed MAP
	0.02 ± 0.002
	0.009 ± 0.002
	-0.01 ± 0.002

	Pulse Pressure
	0.01 ± 0.167
	0.003 ± 0.168
	-0.02 ± 0.174

	eGFR
	 -0.002 ± 0.167
	     -0.003 ± 0.167
	  -0.002 ± 0.172

	ln-transformed UACR
	      -0.02 ± 0.012
	     -0.01 ± 0.016
	         -0.02 ± 0.015

	
	OR (95%CI)

	Hypertension
	1.06 (0.99-1.14)
	1.02 (0.95-1.10)
	0.95 (0.88-1.02)

	Myocardial Infarction
	1.50 (1.16-1.94)
	1.46 (1.12-1.90)
	1.27 (0.96-1.69)

	
*** Associations are significant at a p-value<0.00076.  
Sβ: standardized coefficient, SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, eGFR: estimated glomerular filtration rate, UACR: Urine Albumin-to-Creatinine Ratio.
#1: Model I All analysis on intermediate traits and diseases were adjusted for confounding effect of age, age2, and sex. Model II All analysis on intermediate traits and diseases were adjusted for confounding effect of age, age2, sex, BMI and smoking habit. Additionally, SBP, DBP, height, overweight and obesity were adjusted in eGFR and UACR models. Model III All analysis on intermediate traits and diseases were adjusted for confounding effect of age, age2, sex, BMI, smoking habit and leukocytes count. Additionally, SBP, DBP, height, overweight and obesity were adjusted in eGFR and UACR models.  
#2: Standardized coefficient (Sβ) means a one-standard deviation higher eosinophil count would result in a β×SD change in the outcome variables.
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	Table D. Multivariate regression result of basic model and full models of ln-transformed eosinophil count with studied intermediate traits and diseases in pulmonary class.

	
	          Model I
	Model II
	Model III

	
	                                   Sβ ± SE

	FEV1
	-0.05 ± 0.008***
	-0.05 ± 0.007***
	-0.04 ± 0.007***

	FEV1/FVC
	-0.09 ± 0.001***
	-0.09 ± 0.001***
	-0.08 ± 0.001***

	
	                               OR (95%CI)

	COPD
	    1.36 (1.22-1.50)***
	   1.40 (1.25-1.56) ***
	1.28 (1.14-1.43)***

	Asthma
	    1.85 (1.65-2.07)***
	   1.81 (1.61-2.03) ***
	1.80 (1.60-2.03)***

	
*** Associations are significant at a p-value<0.00076.  
Sβ: standardized coefficient, FEV1: Forced expiratory volume in one second, FVC: Forced vital capacity.
#1: Model I All analysis on intermediate traits and diseases were adjusted for confounding effect of age, age2, and sex. Model II All analysis models on intermediate traits and diseases were adjusted for confounding effect of age, age2, sex, smoking habit, and height. Model III All analysis models on intermediate traits and diseases were adjusted for confounding effect of age, age2, sex, smoking habit, height, and leukocytes count.  
#2: Standardized coefficient (Sβ) means a one-standard deviation higher eosinophil count would result in a β×SD change in the outcome variables.













	Table E. Partial correlation results of ln-transformed eosinophil count with the studied intermediate traits in metabolic, cardiac and pulmonary classes of overall population.††

	Classes
	Intermediate Traits
	Partial Correlation r#
	p-value

	Metabolic
	ln-transformed BMI
	0.04
	8.0×10-6

	
	ln-transformed Triglycerides
	0.07
	 3.2×10-12

	
	Total Cholesterol
	0.04
	7.0×10-6

	
	High-Density Lipoprotein
	            -0.06
	1.2×10-8

	
	Low-Density Lipoprotein
	0.05
	6.3×10-7

	
	HbA1c
	0.04
	6.0×10-6

	
	Fasting glucose
	0.004
	0.726

	Cardiac
	ln-transformed SBP
	0.009
	0.345

	
	ln-transformed DBP
	0.01
	0.244

	
	ln-transformed MAP
	0.01
	0.250

	
	Pulse Pressure
	0.003
	0.749

	
	eGFR
	            -0.003
	0.709

	
	ln-transformed UACR
	            -0.01
	0.252

	Pulmonary
	FEV1
	            -0.08
	6.9×10-18

	
	FEV1/FVC
	            -0.10
	1.2×10-27

	
BMI: body mass index, HbA1c: hemoglobin A1c, SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, eGFR: estimated glomerular filtration rate, UACR: Urine Albumin-to-Creatinine Ratio, FEV1: Forced expiratory volume in one second, FVC: Forced vital capacity.
#All analysis on intermediate traits were adjusted for confounding effect of age, age2, sex, BMI (with exception on BMI) and smoking habit. Additionally, SBP, DBP, height, overweight and obesity were adjusted in eGFR and UACR models.




†† In comply to reviewer’s suggestion, we present  partial correlation analyses to evaluate the relationship between eosinophil count and the studied intermediate outcomes while controlling for covariates effect. Similar to the results obtained from multivariate regression analyses, there was a significant association between eosinophil count and intermediate traits of metabolic and pulmonary classes. A higher eosinophil count was correlated to a higher levels of BMI, TG, TC, LDL, HbA1c and a lower levels of HDL, FEV1, and FEV1/FVC. Controlling for the effect of age, age2, sex, BMI, smoking habit, height, SBP, DBP, overweight and obesity had ignorable influence on the strength of the relation between variables.
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