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Table S1: KORA socio-demographic characteristics at follow-up in 2021. Of the 17,602 unique individuals who participated in the KORA study in the four cross-sectional baseline surveys S1 to S4 from 1984 to 2001, the attrition is shown by sex and age groups based on the general health follow-up (GEFU5) in 2021.

	Study
	Attrition according to category
	Total
(N)
	Sex
(N)
	Age Groups
(N)

	
	
	
	Female
	Male
	25-34 y.
	35-44 y.
	45-54 y.
	55-64 y.
	65-74 y.
	75-84 y.
	85-94 y.
	95-104 y.

	S1 – S4
1984 - 2001
	Participants (age at baseline)
	17,602
	8,834
	8,768
	3,601
	3,722
	3,863
	3,850
	2,566
	-
	-
	-

	[bookmark: _Hlk142996252][bookmark: _Hlk142996350][bookmark: _Hlk142996416]GEFU5 
2021

	Participants (2021)
	6,070
	3,248
	2,822
	-
	-
	511
	1,562
	1,910
	1,534
	519
	34

	
	Non-participants (2021)
	3,039
	1,735
	1,304
	-
	-
	313
	714
	727
	774
	465
	46

	
	Lost to follow-up (2021)
	2,000
	1,125
	875
	-
	-
	115
	457
	547
	482
	335
	64

	
	Deceased (age of death)
	6,493
	2,726
	3,767
	8
	54
	193
	622
	1,468
	2,333
	1,678
	137





Table S2: KORA examination metadata catalogue. The medical examinations integrated in the major KORA studies are listed with the instruments and a brief methodological description. Further information is provided in the cited KORA publications.
	
	S1
	S2
	S3
	F3
	S4
	F4
	FF4
	FFF4
	AGE1
	AGE2
	FIT
	Instrument
	Method

	Accelerometry
	
	
	
	
	
	
	x
	
	x
	x
	x
	FF4 ActiGraph GT3X (Pensacola, Florida) with ActiLife software (version 6.11.2, firmware 4.4.0) (1)
AGE1, AGE2 ActiGraph GT3X 
FIT ActiGraph wGT3X-BT Sensor 
	7-day measurement

	Ankle-brachial-index (ABI)
	
	x
	
	x
	
	x
	
	
	x
	
	
	S2 ATL Ultramark IV system with a 7.5 MHz linear transducer, Scientific Medical Systems (2)
F3, F4, AGE1 Mini Doppler D900, HNE Healthcare BP cuff: Welch Allyn 29-42 cm or ERKA 34-52 cm (3)
	On both sides

	Anthropometry
Height / Weight
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	Calibrated height measuring rod / 
Calibrated weighing scales 
	Height: without shoes to the nearest 0,1 cm / Weight: in light clothing to the neares 0,1 kg

	Anthropometry
Waist / Hip circumference
	
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	Measuring tape
	Waist: at midpoint abdominal girth to the nearest 0.1 cm
Hip: at maximum protrusion of the hips at the level of the symphysis pubis to the nearest 0.1 cm

	Anthropometry 
Calf / Upper arm circumference
	
	
	
	
	
	
	
	
	x
	x
	
	Measuring tape (3)
	Maximum circumference to the nearest 0.1 cm

	Bioimpedance
	
	
	x
	
	x
	
	x
	
	x
	x
	
	S3 Body Composition Analyzer TVI-10 Danziger Medical Technology  (4)
S4, FF4, AGE1, AGE2 BIA 2000-S, DATA-INPUT GmbH, Frankfurt
	Supine position with a tetrapolar placement of electrodes on the side of the dominant hand

	Blood pressure measurement
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	S1, S2, S3 Random-Zero-Sphygmomanometer with 3 cuff sizes, Hawksley, England 
F3, S4, F4, FF4, FFF4 HEM-705CP with 2 cuff sizes, Omron Corporation, Tokyo, Japan 
AGE1, AGE2, FIT HEM-705CP II with 3 cuff sizes, Omron Corporation, Tokyo, Japan 
	Minimum 5 min rest, three measurements with 3 min pause in between, average of 2. and 3. measurement for analysis

	Carotid ultrasonography
	
	
	
	
	
	x
	
	
	
	
	x
	F4  Sonoline G, Siemens Medical Solutions, Germany (5)
FIT Logiq S7, GE HealthCare Germany, with a linear transducer 9L 
	

	Chair rise test
	
	
	
	
	
	
	
	
	
	x
	
	Chair without armrests  
	5x standing up from a chair without assistance   

	Echocardiography
	
	
	x
	x
	
	
	
	
	
	
	
	S3 Sonos 1500 with 2.5 or 3.5 MHz transducer Hewlett Packard Inc (4)
F3 Sonos 4500 with 2.0– 4.0 MHz transducer; Philips Elec-
tronics, Eindhoven, Netherlands (6)
	

	10-sec 12-lead resting electrocardiogram
	x
	x
	x
	x
	x
	x
	x
	
	x
	x
	x
	S1, S2 Sicard 803 ECG system, Siemens, Germany (7)
S3, F3, S4, F4 Bioset 9000 Hörmann Medizinelektronik, Germany (8)
F3 Portrait, Mortara, Milwaukee, Wisconsin, USA
FF4, AGE1, AGE2, FIT AMEDTEC Medizintechnik Aue GmbH, Aue, Germany (9)
	Measurement in supine position 
Since S3 PC-based automatic analysis with the Hannover ECG analysis software (HES) and visual analysis according to clinical-cardiological criteria 

	5-min 12-lead resting electrocardiogram
	
	
	
	
	x
	x
	x
	
	
	
	
	S4 Bioset 9000 2-lead Hörmann Medizinelektronik, Germany
F4 Portrait 12-lead, Mortara, Milwaukee, Wisconsin, USA
FF4 ECGpro-System 12-lead AMEDTEC Medizintechnik Aue GmbH, Aue, Germany
	Measurement in supine position 

	24-h 12-lead Holter electrocardiogram
	
	
	
	x
	
	
	
	
	
	
	
	[bookmark: _Hlk293620]F3 SEER 12 Digital Holter ECG recorder General Electric, Chicago, IL, USA with a resolution of 500Hz
	

	Endothelial function
	
	
	
	
	
	x
	
	
	
	
	
	Endo-PAT2000 Itamar Medical, Caesarea, Israel (10)
	

	Face-to-face Interview
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	See Interview and Questionnaire Metadata Catalogue
	Standardized personal interview by trained staff

	Gait performance
	
	
	
	
	
	
	
	
	x
	x
	
	AGE1, AGE2 GAITRite portable electronic walkway (CIR Systems Inc., Havertown, USA) / 6 meters long, measurement length
4.88 meters, and 0.89 meters wide, with a sampling rate of 80 Hz. (11)
	Four tasks: normal, slow, and fast speed and normal speed with the additional task of counting backwards

	Hand grip strength 
	
	
	
	
	
	
	
	
	x
	x
	
	AGE1, AGE2 Jamar dynamometer (Saehan Corporation UK) (12)
	Dominant hand with maximum grip strength, average of three trials with brief pauses

	Heel ultrasound 
	
	
	
	
	
	
	
	
	x
	
	
	AGE1, AGE2 Achilles Insight, GE Healthcare (3)
	

	Macular degeneration
	
	
	
	
	x
	
	x
	
	
	
	x
	S4 fundus camera (TRC-NW5S, Topcon, Willich, Germany) (13)
FF4, FIT automatized DRS camera (Digital Retinography System; CenterVue, Padova, Italy) (14)
	Non-mydriatic measurements

	Lung function
	
	
	
	
	
	x
	x
	x
	x
	x
	x
	F4, F4L, FF4, AGE1, AGE2 Spirometry (Masterscope PC, Jaeger, Höchberg, Germany) (15)
FIT, FFF4 Spirometry (Easy on-PC ndd Medizintechnik AG, Zürich, Schweiz);
F4L, Age1 Impulse Oscillometry  (MasterScreen, Jaeger, Höchberg, Germany) (16) 
F4, F4L, AGE1 FeNO (NIOX Flex, Aerocrine, Uppsala, Sweden) (17)
FF4, AGE2 Respiratory muscle testing and pulmonary gas exchange (MasterScreen PFT, Jaeger, Höchberg, Germany) (18)
	Spirometry, FeNO, impulse oscillometry, respiratory muscle testing, pulmonary gas exchange

	Magnetic resonance Imaging
	
	
	
	
	
	
	x
	
	
	
	
	MRI system at 3 Tesla Magnetom Skyra; Siemens AG, Healthcare Sector, Erlangen, Germany equipped with a whole-body radiofrequency coil-matrix system (19)
	

	Medication use 
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	S1, S2, S3 questionnaire-based
F3, S4,F4, FF4, FFF4, AGE1, AGE2, FIT IDOM software, Neuherberg, Germany (20)
	Past 7-days amount, frequency, PZN, ATC-code

	Neuropathy
	
	
	
	x
	
	x
	x
	x
	
	
	
	F3, F4, FF4, FFF4 Michigan Neuropathy Screening Instrument (MNSI) (21)
	

	Nonparticipant questionnaire
	
	
	x
	x
	x
	x
	x
	x
	
	x
	x
	S4 (22)
	Standardized telephone interview by trained contacting staff

	Olfactory test
	
	
	
	
	
	
	
	x
	
	
	x
	Sniffin‘ Sticks - Screening 12 Burghart Medizintechnik, Germany
	

	Oral glucose tolerance test (OGTT)
	
	
	
	
	x
	x
	x
	x
	
	
	
	S4, F4, FF4 ACCU-CHEK® Dextrose O.G-T. Roche (23)
FFF4 Gluko 75 Limette Medicalfox PZN 11540082
	After an overnight fast of at least 8 hours with only water allowed. Participants drank the solution within 5 minutes between 7am and 11am.

	Skin examination
	
	
	
	
	x
	x
	
	
	
	
	x
	S4, F4, Dermatological examination of the entire skin, skin type (Fitzpatrick Definition), eye color and hair color (24)
FIT reflected light dermatoscope (HeineCubeSystem) and TEWA meter with TEWL, pH, corneometer probe (calibration medium)  
	Performed by trained Dermatologists

	Timed up and go test (TUG)
	
	
	
	
	
	
	
	
	x
	x
	
	Chair with armrests  (25)
	Stand up from a chair, walk three meters, turn, walk back to the chair, and sit down

	Thyroid ultrasonography
	
	
	
	
	
	x
	
	
	
	
	
	ACUSON X300 Siemens Medical Solutions, Mountain View, CA, USA or SONOLINE G50 Siemens Medical Solutions, both with a 5 MHz linear array transducer (26)
	

	Self-assessment questionnaire
	
	x
	x
	x
	
	x
	x
	
	x
	x
	x
	See Interview and Questionnaire Metadata Catalogue
	Questionnaires were either paper-based or in FIT digital with the LimeSurvey software

	Supplements
	
	
	x
	x
	
	x
	
	
	x
	
	
	S3 questionnaire-base (27)
F3, F4, AGE1 IDOM software Neuherberg, Germany (28, 29) 
	Past 7-days





Table S3: KORA interview and questionnaire metadata catalogue. The instruments integrated in interview and questionnaires in all major KORA studies are listed. Further information is provided in the cited KORA publications. 
	
	S1
	S2
	S3
	F3
	S4
	F4
	FF4
	FFF4
	AGE1, AGE2, AGE3 ≤1943
	FIT
	GEFU3
	GEFU4
	GEFU5

	N
	4.022
	4.940
	4.856
	3.006
	4.261
	3.080
	2.279
	1.421
	4.127
Telephone
	1.079
	822
Telephone
	822
	2.449
(+1.634 ≤1950)
	3.059
	11.285
	9.035
	6.070

	                                                                                   Year

Variable
	1984/
1985
	1989/
1990
	1994/
1995
	2004/
2005
	1999/
2001
	2006/
2008
	2013/
2014
	2021/
2022
	2008/
2009
	2009
	2012
	2012
	2016
	2018/
2019
	2008/
2009
	2016
	2021

	Socio-demographics and -economic status

	Age 
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	Sex (30) 
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	Gender (31) 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Family status (32)
	x
	x
	x
	x
	x
	x
	x
	x
	x
	-
	-
	x
	x
	-
	-
	-
	x

	Living alone (33)
	x
	x
	x
	x
	x
	x
	x
	x
	x
	-
	x
	-
	x
	x
	-
	-
	x

	Education (34)
	x
	x
	x
	-
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Job/Retirement (35)
	x
	x
	x
	x
	x
	x
	x
	x
	-
	-
	-
	-
	x
	x
	-
	x
	x

	Income (36)  
	x
	x
	x
	x
	x
	x
	x
	x
	x
	-
	x
	-
	-
	x
	-
	x
	x

	[bookmark: _Hlk133244609]Lifestyle

	Alcohol consumption recall (g/day) (37)
	x
	x
	x
	x
	x
	x
	x
	x
	-
	x
	-
	-
	-
	x
	-
	-
	-

	Cigarette smoking (38)
	x
	x
	x
	x
	x
	x
	x
	x
	-
	-
	-
	x
	x
	x
	x
	x
	x

	Physical activity - leisure time (39)
	x
	x
	x
	x
	x
	x
	x
	x
	x
	-
	x
	-
	x
	x
	-
	-
	-

	The Physical Activity Scale for the Elderly (PASE) (40)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	x
	-
	-
	-
	-
	-

	Physical activity - Corona lockdown Changes (41)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x

	Sleep quality and duration (42)
	x
	x
	x
	x
	x
	x
	x
	x
	x
	-
	-
	x
	x
	x
	-
	-
	-

	Sleep Chronotype (43)
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Nutrition: 7-d weighted food record (44) 
	x
	-
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Nutrition: Food frequency questionnaire (FFQ)(45)
	x
	x
	x
	x
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Nutrition: 24-h food lists (24HFLs) and a food frequency questionnaire (FFQ) (46)
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Nutrition: Seniors in the Community: Risk Evaluation for Eating and Nutrition, version II (Screen II) (47)
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	x
	-
	x
	-
	-
	-
	-

	Family history of myocardiaI infarction, stroke, diabetes, others (48)
	x
	x
	x
	x
	x
	x
	x
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Pets
	-
	-
	x
	x
	x
	x
	x
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Self-reported diseases

	Self-rated health (49)
	x
	x
	x
	x
	x
	x
	x
	x
	-
	-
	-
	x
	-
	x
	x
	x
	x

	Myocardial Infarction (50)
	x
	x
	x
	x
	x
	x
	x
	x
	-
	-
	x
	x
	-
	x
	x
	x
	x

	Cardiac rhythm disorders
	-
	-
	-
	-
	-
	x
	-
	-
	x
	-
	-
	x
	-
	x
	-
	x
	-

	Circulatory disorders of the heart, narrowing of the coronary arteries or Angina Pectoris* (ROSE questionnaire)
	x*
	x*
	x*
	x*
	x
	x*
	x*
	x
	x
	-
	-
	x
	-
	x*
	-
	x
	-

	Heart failure / cardiac insufficiency
	x
	x
	x
	x
	x
	x
	-
	x
	x
	-
	-
	x
	-
	x
	-
	x
	-

	Stroke (51)
	x
	x
	x
	x
	x
	x
	x
	x
	-
	-
	-
	x
	-
	x
	x
	x
	x

	Diabetes mellitus Type 2 (30)
	x
	x
	x
	x
	x
	x
	x
	x
	-
	-
	-
	x
	-
	x
	x
	x
	x

	Diabetes complications (52)
	-
	-
	-
	-
	x
	-
	x
	x
	-
	-
	-
	-
	-
	-
	x
	x
	x

	Cancer (53)
	-
	x
	x
	x
	x
	x
	x
	x
	-
	-
	-
	x
	-
	x
	x
	x
	x

	Hypertension – self reported doctor diagnosis (3)
	-
	-
	-
	-
	x
	x
	x
	x
	-
	-
	-
	-
	-
	x
	x
	x
	x

	Hyperlipidemia – self report 
	x
	x
	-
	-
	x
	x
	x
	x
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Cough most days for three or more consecutive months during the year
	x
	x
	x
	x
	x
	x
	x
	x
	-
	-
	x
	-
	-
	x
	x
	x
	x

	Sputum on most days during three or more consecutive months of the year
	x
	x
	x
	-
	x
	x
	x
	x
	-
	-
	x
	-
	-
	x
	x
	x
	x

	Chronic bronchitis
	x
	x
	x
	-
	x
	x
	x
	x
	-
	x
	x
	-
	-
	x
	-
	x
	x

	Chronic obstructive pulmonary disease (COPD), Pulmonary emphysema
	-
	-
	-
	-
	-
	x
	x
	x
	-
	-
	x
	-
	-
	x
	-
	x
	x

	Asthma (54)
	x
	x
	x
	x
	x
	x
	x
	x
	-
	x
	x
	-
	-
	x
	-
	x
	x

	Hay fever (55)
	x
	x
	x
	x
	x
	x
	x
	x
	-
	x
	x
	-
	-
	x
	-
	x
	-

	Atopic dermatitis (56)
	-
	-
	-
	-
	x
	x
	x
	x
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Food Allergy
	-
	-
	-
	-
	x
	-
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x

	Medication Allergy
	-
	-
	-
	-
	x
	-
	x
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Insect Allergy (57)
	-
	-
	-
	-
	x
	x
	x
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Restless Leg Syndrom (*23andme)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	x*
	x*
	-
	-
	-

	Common eye diseases (58)
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-

	Varizella-Zoster-Virus or Herpes
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Rheumatoid Arthritis
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Influenca vaccination
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	x

	SarsCov2 testing and vaccination
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-
	-
	-
	x

	Celiac disease (59)
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Barret-Ösophagus (60)
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Women’s Health

	Menarche (61)
	-
	-
	-
	x
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Pregnancy (62)
	x
	x
	x
	x
	x
	x
	x
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Menopause (63)
	x
	x
	x
	x
	x
	x
	x
	x
	-
	x
	-
	-
	-
	-
	-
	-
	-

	Mental Health

	Depression; Patient Health Questionnaire  (PHQ-9) 
	-
	-
	-
	x
	-
	x
	x
	x
	-
	-
	-
	-
	-
	x
	-
	-
	x

	Depression; Geriatric Depression Scale (GDS-15) (64)
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	x
	-
	x
	-
	-
	-
	-

	Anxiety; Hospital Anxiety and Depression Scale (HADS)
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Anxiety; General Anxiety Disorder (GAD-7)
	-
	-
	-
	-
	-
	x
	x
	-
	x
	-
	x
	-
	x
	x
	-
	-
	x

	Somatic complaints (von Zerssen and *revised) (65) 
	x
	x
	x
	x
	-
	x*
	x*
	x*
	-
	-
	-
	-
	-
	x*
	-
	-
	-

	Somatoform disorder; Patient Health Questionnaire (PHQ-SSS-8) (66)
	-
	-
	-
	-
	-
	-
	x
	x
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Somatic symptoms (scl-90-r) (64)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	x
	-
	-
	-
	-
	-

	Loneliness (UCLA (University of California)-Loneliness-Scale) (67)
	-
	-
	-
	-
	-
	-
	x
	-
	x
	-
	x
	-
	-
	x
	-
	-
	x

	Life Satisfaction (67, 68)
	-
	x
	x
	-
	-
	-
	-
	-
	x
	-
	x
	-
	x
	-
	-
	-
	-

	Resilience Scale (RS-11 and RS-5) (69)
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	x
	-
	-
	-
	-
	-
	-

	Posttraumatic stress disorder (PTSD) (70)
	-
	-
	-
	-
	-
	x
	x
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Childhood trauma questionnaire (CTQ)
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Parkinson Screener
	-
	-
	-
	x
	-
	x
	x
	-
	-
	x
	-
	-
	-
	-
	-
	-
	-

	Type D personality (71)
	-
	-
	-
	x
	-
	x
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Type A personality (72)
	x
	x
	x
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Social support (73)
	x
	x
	x
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	
	-
	-
	-

	Social Network Index (SNI) (74)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-
	-

	Relationship-Specific Attachment Scales for Adults (BBE) (74)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-
	-

	Burdensome Life Event
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	x
	-
	-
	-
	-
	-

	Essential Tremor Spiral
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-
	-

	Age identity and Autonomy
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-

	Self-perceived stress
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	x
	-
	-
	x
	-
	-
	-

	Personality
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Health in Old Age

	Multimorbidity (Charlson Comorbidity Index) (75)
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	x
	x
	-
	-
	-
	-

	WHO-5 well-being index (76)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	x
	x
	-

	Cognitive Status of modified telephone interview for cognitive status (TICS-m) (77)
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	x
	-
	x
	-
	-
	-
	-

	Subjective Memory Impairment (NeuroNetz*)
	-
	-
	-
	x*
	-
	x*
	x*
	-
	x
	-
	x
	-
	x
	-
	-
	-
	-

	Health Assessment Questionnaire Disability Index (HAQ-DI) (78)
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	x
	-
	x
	-
	-
	-
	-

	Vertigo, dizziness, falls; National Health and Nutrition Examination Survey(NHANES) (79)
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	x
	-
	-
	-
	-
	-

	Bone fracture(s) (80)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	x
	-
	-

	Osteoarthritis
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	x
	-
	-
	-
	-
	-

	Pain status (81)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-

	General Self-Efficacy Scale (GSE)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-

	Impact on Participation and Autonomy Questionnaire (IPA) (82)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-

	Long-term care (83)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	x
	-
	-
	-
	-

	Health Economics

	Health care utilization (84)
	x
	x
	x
	x
	x
	x
	x
	-
	x
	x
	x
	-
	x
	x
	-
	-
	x

	(Short Form-12) SF-12 health survey (*state of health only) (85)
	-
	-
	-
	x
	x
	x
	x
	x
	-
	-
	-
	-
	-
	-
	-
	-
	x*

	(Health related life quality) EQ-5D-3L (51) and EQ-5D-5L*(86)
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	x
	-
	x*
	x
	x*
	x*

	Risk attitude (87)
	-
	-
	-
	-
	-
	-
	x
	x
	-
	-
	-
	-
	-
	x
	-
	-
	x

	Perceived risk of diabetes (88)
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Job strain (Karasek job content questionnaire) (89)
	x
	x
	x
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Self-Efficacy Scale - Short Form (ASKU)
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Medication Adherence Report Scale (MARS-D) 
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-

	Life-Orientation-Test
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	x
	-
	-
	-
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Table S4: KORA biosamples. The biosamples from blood withdrawals and other methods integrated in all major KORA studies are listed. In some studies, blood draws were fasting (marked with *). Abbreviations: DNA = desoxyribonucleic acid; RNA = ribonucleic acid; PBMCs = peripheral blood mononuclear cells.
	Biosamples
	S1
	S2
	S3
	F3
	S4 (+55y*)
	F4*
	FF4*
	FFF4*
	AGE1
	AGE2
	FIT*

	Blood
	
	
	x
	
	
	x
	
	
	x
	x
	

	Serum
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	Plasma
	
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	DNA
	x
	x
	x
	x
	x
	x
	x
	x
	x
	
	x

	RNA
	
	
	
	
	
	x
	x
	
	
	
	

	PBMCs
	
	
	
	
	x
	
	x
	
	
	
	x

	Urine
	
	
	x
	x
	x
	x
	x
	x
	x
	x
	x

	Stool
	
	
	
	
	
	
	x
	
	
	
	x

	Skin
	
	
	
	
	
	
	x
	
	
	
	x

	Saliva
	
	
	
	
	
	
	x
	
	
	
	x

	Nasal swabs
	
	
	
	
	
	
	
	
	
	
	x

	Throat swabs
	
	
	
	
	
	
	
	
	
	
	x

	House dust
	
	
	
	
	
	
	
	
	
	
	x





Table S5: KORA Omics. The Omics measurements in all major KORA studies are listed. Abbreviations: DNA = desoxyribonucleic acid; EPIC = European Prospective Investigation into Cancer and Nutrition; GSA = Global Screening Array; IgG = Immunoglobulin G; LC-MS = Liquid chromatography–mass spectrometry; MS = mass spectrometry; NMR = nuclear magnetic resonance; RNA = ribonucleic acid.
	[bookmark: _Hlk187399074]Omics
	Technology
	S1
	S2
	S3
	F3
	S4
	F4
	FF4
	FFF4
	AGE1
	AGE2
	FIT

	Genotyping (DNA)
	Affy Axiom
	
	
	
	
	x
	x
	x
	x
	
	
	

	 
	Illumina 
	
	
	x
	x
	
	
	
	
	
	
	

	 
	Illumina GSA array V3
	
	
	
	
	
	
	
	
	x
	
	x

	Transcriptomics (RNA)
	RNA Seq
	
	
	
	
	
	
	x
	
	
	
	

	DNA methylation
	Illumina 450K
	
	
	
	x
	x
	x
	
	
	
	
	

	 
	EPIC
	
	
	
	
	
	
	x
	
	x
	
	x

	Proteomics (plasma)
	LC-MS/MS
	
	
	
	
	x
	x
	x
	
	
	
	

	 
	OLINK Target 96 (up to 4 panels per study) 
	
	
	
	
	x
	x
	
	
	x
	
	x

	 
	SomaLogic
	
	
	
	
	
	x
	
	
	
	
	

	[bookmark: _Hlk204772932] 
	IgG glycosylation 
	
	
	
	
	
	x
	
	
	
	
	

	Metabolomics (serum)
	Metabolon HD2 (MS)
	
	
	
	x
	x
	
	
	
	
	
	

	 
	Biocrates AbsoluteIDQTM p150, p180 (MS)
	
	x
	
	x
	x
	x
	x
	
	
	
	

	 
	Biocrates MxPTM Quant 500 Assay
	
	
	
	
	
	
	x
	
	
	
	x

	 
	LipoFit (NMR)
	
	
	
	
	
	x
	
	
	
	
	

	 
	Nightingale Ltd (NMR)
	
	
	
	
	
	x
	
	
	
	
	

	Metabolomics (urine)
	NMR Metabolites
	
	
	
	
	
	x
	
	
	
	
	

	Metabolomics (stool)
	Metabolon (MS)
	
	
	
	
	
	
	x
	
	
	
	

	Virom
	Multiplex serology
	
	
	
	
	
	x
	x
	x
	
	
	



	

 


Table S6: Selection of key findings of the KORA study
	Year of publication and
first author 
	Title
	Key finding 
(cited from abstract-conclusion)
	PMID

	[bookmark: _Toc169529137]Cardiovascular Disease

	The KORA study contributed significantly to the understanding of modifiable risk factors for coronary artery disease nationally….

	1998 
Keil
	Classical risk factors and their impact on incident non-fatal and fatal myocardial infarction and all-cause mortality in southern Germany. Results from the MONICA Augsburg cohort study 1984-1992. Monitoring Trends and Determinants in Cardiovascular Diseases
	“Our results confirm the important contribution of the classical risk factors to the risk of myocardial infarction and all-cause mortality in Germany. The results pertaining to the concept of rate advancement periods particularly demonstrate the great potential for prevention.“
	9740341

	… and worldwide.

	2000 Kuulasmaa
	Estimation of contribution of changes in classic risk factors to trends in coronary-event rates across the WHO MONICA Project populations
	“Changes in the classic risk factors seem to partly explain the variation in population trends in CHD. Residual variance is attributable to difficulties in measurement and analysis, including time lag, and to factors that were not included, such as medical interventions. The results support prevention policies based on the classic risk factors but suggest potential for prevention beyond these.“
	10703799

	One of the first publications on the inflammatory biomarker hs C-reactive Protein (CRP), reporting a strong positive association between increased levels of hsCRP and the risk of Coronary Heart Disease (CHD).

	1999 
Koenig
	C-Reactive protein, a sensitive marker of inflammation, predicts future risk of coronary heart disease in initially healthy middle-aged men: results from the MONICA (Monitoring Trends and Determinants in Cardiovascular Disease) Augsburg Cohort Study, 1984 to 1992 
	“These results confirm the prognostic relevance of CRP, a sensitive systemic marker of inflammation, to the risk of CHD in a large, randomly selected cohort of initially healthy middle-aged men. They suggest that low-grade inflammation is involved in pathogenesis of atherosclerosis, especially its thrombo-occlusive complications.”
	9892589 

	Further research into hsCRP.

	2004 
Koenig
	C-reactive protein modulates risk prediction based on the Framingham Score: implications for future risk assessment: results from a large cohort study in southern Germany 
	“Our results suggest that CRP enhances global coronary risk as assessed by the FRS, especially in intermediate risk groups. This might have implications for future risk assessment.“
	15023871

	2008 
Koenig
	Prospective study of high-sensitivity C-reactive protein as a determinant of mortality: results from the MONICA/KORA Augsburg Cohort Study, 1984-1998
	“Our results suggest that increased circulating hsCRP concentrations are associated with an increased risk of death from several widespread chronic diseases. Persistently increased hsCRP is a sensitive and valuable nonspecific indicator of an ongoing disease process that deserves serious and careful medical attention.”
	18156284

	Confirmation of the initial results on hsCRP in a large meta-analysis.

	2010 
Kaptoge
	C-reactive protein concentration and risk of coronary heart disease, stroke, and mortality: an individual participant meta-analysis 
	
	“CRP concentration has continuous associations with the risk of coronary heart disease, ischaemic stroke, vascular mortality, and death from several cancers and lung disease that are each of broadly similar size. The relevance of CRP to such a range of disorders is unclear. Associations with ischaemic vascular disease depend considerably on conventional risk factors and other markers of inflammation.”
	20031199

	Identification of several novel cardiometabolic biomarkers that enable improved risk prediction for cardiovascular events and provide a more precise understanding of the complex pathophysiology of atherosclerosis and its complications.

	2006
Khuseyinova & Koenig
	Biomarkers of outcome from cardiovascular disease 
	„Thus, screening for low-grade inflammation using several novel biomarkers might provide an important tool to identify individuals at increased risk who would benefit most from targeted preventive interventions.”
	16943718

	Cardiometabolic biomarkers – Chemokines

	2006
Herder
	Chemokines and incident coronary heart disease: results from the MONICA/KORA Augsburg case-cohort study, 1984-2002
	“Elevated systemic levels of the chemokines MCP-1, IL-8, and IP-10 precede CHD but do not represent independent risk factors. Thus, the associations are less pronounced than previously shown for type 2 diabetes.”
	16825597

	Cardiometabolic biomarkers - Myeloperoxidase (MPO)	

	2012 
Karakas
	Myeloperoxidase is associated with incident coronary heart disease independently of traditional risk factors: results from the MONICA/KORA Augsburg study
	“Elevated concentrations of the oxidative stress marker MPO were independently associated with increased risk of incident CHD. This finding deserves detailed evaluation in further studies.”
	21535251

	Cardiometabolic biomarkers - Monocyte Chemoattractant Protein-1(MCP-1)

	2019 
Georgakis
	Circulating Monocyte Chemoattractant Protein-1 and Risk of Stroke: Meta-Analysis of Population-Based Studies Involving 17 180 Individuals 
	„Higher circulating levels of MCP-1 are associated with increased long-term risk of stroke. Our findings along with genetic and experimental evidence suggest that MCP-1 signaling might represent a therapeutic target to lower stroke risk.”
	31476962

	2021 
Georgakis
	Association of Circulating Monocyte Chemoattractant Protein-1 Levels With Cardiovascular Mortality: A Meta-analysis of Population-Based Studies 
	„Higher circulating MCP-1 levels are associated with higher long-term cardiovascular mortality in community-dwelling individuals free of overt cardiovascular disease. These findings provide further support for a key role of MCP-1-signaling in cardiovascular disease.“
	33146689

	Cardiometabolic biomarkers - Oxidized Low-Density Lipoprotein (oxLDL)

	2005 
Meisinger & Baumert
	Plasma oxidized low-density lipoprotein, a strong predictor for acute coronary heart disease events in apparently healthy, middle-aged men from the general population
	“Elevated concentrations of oxLDL are predictive of future CHD events in apparently healthy men. Thus, oxLDL may represent a promising risk marker for clinical CHD complications and should be evaluated in further studies.“
	16043640

	2011 
Koenig
	Oxidized LDL and the risk of coronary heart disease: results from the MONICA/KORA Augsburg Study
	“Increased oxLDL concentrations were associated with an increased risk for incident CHD. Nevertheless, because this effect became nonsignificant after adjustment for covariates, particularly the ratio of total cholesterol to HDL cholesterol, it may be mediated primarily by lipid parameters. Further studies are warranted to clarify this issue.” 
	21697499

	Cardiometabolic biomarkers – Leptin

	2010 
Karakas
	Leptin, adiponectin, their ratio and risk of Coronary Heart Disease: results from the MONICA/KORA Augsburg Study 1984-2002
	“The present study reports the association of leptin and adiponectin with incident CHD in a large population-based cohort. In contrast to fairly strong associations previously reported, our findings indicate no clinically relevant association between leptin, adiponectin and their ratio with the risk of CHD after adjustment for potential confounders.”
	19732895

	Lipoprotein-Associated Phospholipase A2 (Lp-PLA2) and coronary events

	2004 
Koenig & Khuseyinova
	Lipoprotein-associated phospholipase A2 adds to risk prediction of incident coronary events by C-reactive protein in apparently healthy middle-aged men from the general population: results from the 14-year follow-up of a large cohort from southern Germany
	“Elevated levels of Lp-PLA2 appeared to be predictive of future coronary events in apparently healthy middle-aged men with moderately elevated total cholesterol, independent of CRP. This suggests that Lp-PLA2 and CRP may be additive in their ability to predict risk of coronary heart disease.“
	15451783

	Meta analysis on Lipoprotein-Associated Phospholipase A2 (Lp-PLA2) adds to risk prediction in incident coronary events independent of hsCRP

	2010 
Thompson
	Lipoprotein-associated phospholipase A(2) and risk of coronary disease, stroke, and mortality: collaborative analysis of 32 prospective studies
	“Lp-PLA(2) activity and mass each show continuous associations with risk of coronary heart disease, similar in magnitude to that with non-HDL cholesterol or systolic blood pressure in this population. Associations of Lp-PLA(2) mass and activity are not exclusive to vascular outcomes, and the vascular associations depend at least partly on lipids.”
	20435228

	Strong association between elevated levels of Interleukin-6 (IL-6) and incident CHD

	2021 
Batra
	Interleukin 6 and Cardiovascular Outcomes in Patients With Chronic Kidney Disease and Chronic Coronary Syndrome 
	„In patients with chronic coronary syndrome, elevated levels of IL-6 were associated with risk of MACE in all CKD strata. Thus, IL-6 and CKD stage may help when identifying patients with chronic coronary syndrome for anti-inflammatory treatment.”
	34431970

	No association between elevated levels of Interleukin-18 (IL-18) and incident CHD

	2006 
Koenig
	Increased concentrations of C-reactive protein and IL-6 but not IL-18 are independently associated with incident coronary events in middle-aged men and women: results from the MONICA/KORA Augsburg case-cohort study, 1984-2002 
	“Elevated concentrations of CRP and IL-6, but not IL-18, were independently associated with risk of CHD in subjects from an area with moderate absolute risk.”


	17008587

	Hs troponin I independently predicts incident CHD

	2017 
Kaess
	Ultra-sensitive troponin I is an independent predictor of incident coronary heart disease in the general population
	“Ultrasensitive troponin I was detectable in almost all individuals of a study sample reflecting middle-aged to elderly European general population. Ultrasensitive troponin concentrations exhibit an independent, graded, positive relation with incident CHD.”
	28585121

	Hs troponin I independently predicts incident CHD - BiomarCaRE consortium

	2016 Blankenberg
	Troponin I and cardiovascular risk prediction in the general population: the BiomarCaRE consortium
	“In individuals free of cardiovascular disease, the addition of troponin I to variables of established risk score improves prediction of cardiovascular death and cardiovascular disease.”
	27174290

	CHARGE (Cohorts for Heart and Aging Research in Genomic Epidemiology)

	2011 
Ehret
	Genetic variants in novel pathways influence blood pressure and cardiovascular disease risk 
	„A genetic risk score based on 29 genome-wide significant variants was associated with hypertension, left ventricular wall thickness, stroke and coronary artery disease, but not kidney disease or kidney function. We also observed associations with blood pressure in East Asian, South Asian and African ancestry individuals. Our findings provide new insights into the genetics and biology of blood pressure, and suggest potential novel therapeutic pathways for cardiovascular disease prevention.”
	21909115

	2022 
Mishra
	Stroke genetics informs drug discovery and risk prediction across ancestries
	“Stroke genetic risk scores were predictive of ischaemic stroke independent of clinical risk factors in 52,600 clinical-trial participants with cardiometabolic disease. Our results provide insights to inform biology, reveal potential drug targets and derive genetic risk prediction tools across ancestries.”
	36180795

	DigiMed Bayern

	2022 Rospleszcz
	Validation of the 30-Year Framingham Risk Score in a German Population-Based Cohort 
	„The performance of FRS30y is adequate for long-term CVD risk prediction and could serve as an important tool in risk communication, especially for younger audiences.”
	35454012

	Global Cardiovascular Risk Consortium

	2023
Global Cardiovascular Risk Consortium
	Global Effect of Modifiable Risk Factors on Cardiovascular Disease and Mortality
	“Harmonized individual-level data from a global cohort showed that 57.2% and 52.6% of cases of incident cardiovascular disease among women and men, respectively, and 22.2% and 19.1% of deaths from any cause among women and men, respectively, may be attributable to five modifiable risk factors [(body-mass index, systolic blood pressure, non-high-density lipoprotein cholesterol, current smoking, and diabetes.”
	37632466 

	2025
Global Cardiovascular Risk Consortium
	Global Effect of Cardiovascular Risk Factors on Lifetime Estimates
	“The absence of five classic risk factors at 50 years of age was associated with more than a decade greater life expectancy than the presence of all five risk factors, in both sexes. Persons who modified hypertension and smoking in midlife had the most additional life-years free of cardiovascular disease and death from any cause, respectively.”
	40162648

	[bookmark: _Toc169529138]Diabetes

	First population-based study in Germany which included an oral glucose tolerance test (OGTT) and provided population-based estimates on the prevalence of undiagnosed type 2 diabetes as well as prediabetes. KORA showed that about 40% of the population aged 55 to 74 years in the Augsburg region had an impaired glucose metabolism or diabetes. Half of the total cases with diabetes were undiagnosed.

	2003 Rathmann
	High prevalence of undiagnosed diabetes mellitus in Southern Germany: target populations for efficient screening. The KORA survey 2000

	„About 40% of the population aged 55 to 74 years in the Augsburg region have disturbed glucose tolerance or diabetes. Half of the total cases with diabetes are undiagnosed. Cardiovascular risk factors worsen among glucose tolerance categories, indicating the need for screening and prevention. Screening for undiagnosed diabetes could be most efficient in individuals with abdominal adiposity (men), hypertriglyceridaemia (women), hypertension, and parental diabetes history.“
	12627316

	Contribution to the discovery and verification of several novel risk markers for type 2 diabetes such as markers of inflammation

	2003 
Thorand
	C-reactive protein as a predictor for incident diabetes mellitus among middle-aged men: results from the MONICA Augsburg cohort study, 1984-1998
	“Low-grade systemic inflammation is associated with an increased risk of type 2 diabetes mellitus in middle-aged men. Inflammation could be one mechanism by which known risk factors for diabetes mellitus, such as obesity, smoking, and hypertension, promote the development of diabetes mellitus.”
	12523922

	2005 
Thorand
	Elevated levels of interleukin-18 predict the development of type 2 diabetes - results from the MONICA/KORA Augsburg study, 1984-2002
	“Elevated levels of IL-18 are associated with a considerably increased risk of type 2 diabetes. This association is independent of a generalized proinflammatory state, but subjects with elevated levels of several inflammatory markers seem to be particularly prone to develop type 2 diabetes.”
	16186395

	2006 
Herder
	Association of systemic concentrations of macrophage migration inhibitory factor with impaired glucose tolerance and type 2 diabetes - results from the Cooperative Health Research in the Region of Augsburg, Survey 4 (KORA S4)
	“Elevations of systemic MIF concentrations precede the onset of type 2 diabetes. This finding may be relevant because MIF has been reported to contribute to the development of type 2 diabetes-related diseases such as atherosclerosis and cancer.”
	16443889

	2006 
Herder
	Chemokines as risk factors for type 2 diabetes: results from the MONICA/KORA Augsburg study, 1984-2002
	“Elevated concentrations of MCP-1, IL-8 and IP-10 are associated with incident type 2 diabetes. Whereas the association of IL-8 and IP-10 with diabetes was attenuated by multivariable adjustment, high MCP-1 levels contributed to diabetes risk independently of previously described clinical, metabolic and immunological risk factors.”
	16532324

	2007 
Thorand
	Soluble thrombomodulin as a predictor of type 2 diabetes: results from the MONICA/KORA Augsburg case-cohort study, 1984-1998
	“These data suggest that, in initially healthy middle-aged men and women, levels of sTM are inversely associated with the risk of type 2 diabetes.”
	17195062

	2007 
Thorand
	Sex differences in the prediction of type 2 diabetes by inflammatory markers: results from the MONICA/KORA Augsburg case-cohort study, 1984-2002
	“Our data suggest that inflammatory processes may be of particular importance in the pathogenesis of type 2 diabetes in women.”
	17392546

	2009 
Herder
	Transforming growth factor-beta1 and incident type 2 diabetes: results from the MONICA/KORA case-cohort study, 1984-2002
	“Elevated serum concentrations of the cytokine TGF-beta1 indicate an increased risk for type 2 diabetes. TGF-beta1 may be upregulated to counterbalance metabolic and immunological disturbances preceding type 2 diabetes.”
	19592635

	Endothelial dysfunction

	2006 
Thorand
	Elevated markers of endothelial dysfunction predict type 2 diabetes mellitus in middle-aged men and women from the general population
	“These data support a role of endothelial dysfunction in the etiology of type 2 diabetes.”


	

	Adipokines

	2010 
Thorand
	Associations between leptin and the leptin / adiponectin ratio and incident Type 2 diabetes in middle-aged men and women: results from the MONICA / KORA Augsburg study 1984-2002
	“Our findings indicate that the two adipokines leptin and adiponectin interact in modulating Type 2 diabetes risk, but adiponectin is more strongly associated with Type 2 diabetes risk than leptin.”

	20722673

	Vitamin D

	2011 
Thorand
	Effect of serum 25-hydroxyvitamin D on risk for type 2 diabetes may be partially mediated by subclinical inflammation: results from the MONICA/KORA Augsburg study 
	“Vitamin D status is inversely related to type 2 diabetes risk and our data suggest that this association may be partially mediated by subclinical inflammation.”

	21873558

	Liver proteins

	2005 
Meisinger
	Serum gamma-glutamyltransferase and risk of type 2 diabetes mellitus in men and women from the general population
	“The GGT is an important predictor for incident type 2 diabetes in men and women from the general population.” 

	16313476

	2018 
Sujana
	Association of fetuin-A with incident type 2 diabetes: results from the MONICA/KORA Augsburg study and a systematic meta-analysis
	“Higher fetuin-A levels are associated with incident T2D in both males and females independently of subclinical inflammation, adiponectin and liver fat content.” 

	29439057

	Cardiac prohormones

	2020 
Sujana
	Associations of cardiac stress biomarkers with incident type 2 diabetes and changes in glucose metabolism: KORA F4/FF4 study
	„High plasma concentrations of MR-proANP contributed to a lower risk of incident T2D, whereas high plasma concentrations of copeptin were associated with an increased risk of incident prediabetes/T2D. Furthermore, high plasma concentrations of CT-proET-1 and MR-proADM were associated with increased insulin resistance. Our study provides evidence that biomarkers implicated in cardiac stress are associated with incident T2D and changes in glucose metabolism.“
	33066780

	Proteomics

	2020 
Elhadad
	Deciphering the Plasma Proteome of Type 2 Diabetes
	“In conclusion, our high-throughput proteomics study replicated previously reported type 2 diabetes-protein associations and identified new candidate proteins possibly involved in the pathogenesis of type 2 diabetes.”
	32928870

	2023 
Luo
	Associations of plasma proteomics with type 2 diabetes and related traits: results from the longitudinal KORA S4/F4/FF4 Study
	“We identified new candidates involved in the development of derangements in glucose metabolism and type 2 diabetes and confirmed previously reported proteins. Our findings underscore the importance of proteins in the pathogenesis of type 2 diabetes and the identified putative proteins can function as potential pharmacological targets for diabetes treatment and prevention.”
	37308750

	Physical activity and development of type 2 diabetes

	2005 
Meisinger
	Leisure time physical activity and the risk of type 2 diabetes in men and women from the general population. The MONICA/KORA Augsburg Cohort Study
	“Leisure time physical activity is effective in preventing type 2 diabetes, especially in nonobese women, in the general population.”
	15616798

	Diet and development of type 2 diabetes

	2018 
Breuninger
	Differential associations between diet and prediabetes or diabetes in the KORA FF4 study
	“Our findings on diet and T2DM are consistent with current literature, while our results regarding coffee, heavy alcohol consumption and prediabetes highlight new possible targets for primary prevention of the derangement of glucose homeostasis.” 
	30627431

	2020 
Wawro
	Association of Dietary Patterns and Type-2 Diabetes Mellitus in Metabolically Homogeneous Subgroups in the KORA FF4 Study 
	“In the analysis stratified by metabotype, significant negative associations between T2DM and both diet quality scores were detected only in the metabolically-unfavorable homogenous subgroup (Odds Ratio (OR) = 0.62, 95% confidence interval (CI) = 0.39-0.90 for AHEI and OR = 0.60, 95% CI = 0.40-0.96 for MDS). Prospective studies taking metabotype into account are needed to confirm our results, which allow for the tailoring of dietary recommendations in the prevention of T2DM.”
	32516903

	2021 
Pestoni
	Association between dietary patterns and prediabetes, undetected diabetes or clinically diagnosed diabetes: results from the KORA FF4 study
	“To our knowledge, the present study is one of the few investigating the association between dietary patterns and prediabetes or undetected diabetes. The use of a reference group exclusively including participants with normal glucose tolerance might explain the strong associations observed in our study. These results suggest a very important role of dietary habits in the prevention of prediabetes and type 2 diabetes.”
	33125578

	Smoking habits and development of type 2 diabetes

	2006 
Meisinger
	Association of cigarette smoking and tar and nicotine intake with development of type 2 diabetes mellitus in men and women from the general population: the MONICA/KORA Augsburg Cohort Study 
	“Cigarette smoking is an important modifiable risk factor of type 2 diabetes particularly in men from the general population.”
	16710672

	Body composition and development of type 2 diabetes

	2006 
Meisinger
	Body fat distribution and risk of type 2 diabetes in the general population: are there differences between men and women? The MONICA/KORA Augsburg cohort study
	“Both overall and abdominal adiposity were strongly related to the development of type 2 diabetes. Because there was an additive effect of overall and abdominal obesity on risk prediction, WC should be measured in addition to BMI to assess the risk of type 2 diabetes in both sexes.”
	16960160

	Sleep disturbances and development of type 2 diabetes

	2005 
Meisinger
	Sleep disturbance as a predictor of type 2 diabetes mellitus in men and women from the general population
	“Difficulty maintaining sleep was associated with an increased risk of type 2 diabetes in men and women from the general population. Although, the causal pathway is not entirely clear, it seems that both insulin resistance and chronic low-grade systemic inflammation may be involved.” 
	15645205

	Novel risk factors of diabetes-related comorbidities - cardiovascular diseases

	2011 
Herder
	Immunological and cardiometabolic risk factors in the prediction of type 2 diabetes and coronary events: MONICA/KORA Augsburg case-cohort study
	“Inclusion of multiple inflammation-related biomarkers into a basic model and into a model including cardiometabolic risk factors significantly improved the prediction of type 2 diabetes and coronary events, although the improvement was less pronounced for the latter endpoint.“ 
	21674000

	2011 
Herder
	Biomarkers for the prediction of type 2 diabetes and cardiovascular disease
	“This review provides an overview of studies assessing the clinical utility of various biomarkers on the basis of hypothesis-driven selection as well as hypothesis-free approaches from novel "-omics" technologies.”
	21654741

	2020 
Huth
	Biomarker-defined pathways for incident type 2 diabetes and coronary heart disease-a comparison in the MONICA/KORA study
	“The biomarker-derived pathway variables explained a higher proportion of the T2D risk compared to CHD. The ranking of the pathways differed between the two diseases, with the IGF/IGFBP-system-pathway being most strongly associated with T2D and the myocardial-injury- and lipid-related-pathways with CHD. Our results help to better understand the pathophysiology of the two diseases, with the ultimate goal of pointing out targets for lifestyle intervention and drug development to ideally prevent both T2D and CHD development.” 
	32164753

	Novel risk factors of diabetes-related comorbidities - chronic kidney disease

	2022 
Nano
	Novel biomarkers of inflammation, kidney function and chronic kidney disease in the general population
	“Novel and known biomarkers of inflammation were reproducibly associated with kidney function. Future studies should investigate their clinical utility and underlying molecular mechanisms in independent cohorts.” 
	

	Novel risk factors of diabetes-related comorbidities - neuropathy

	2009 
Herder
	Subclinical inflammation and diabetic polyneuropathy: MONICA/KORA Survey F3 (Augsburg, Germany)
	“This study shows that subclinical inflammation is associated with diabetic polyneuropathy and neuropathic impairments. This association appears rather specific because only certain immune mediators and impairments are involved.” 
	19131463

	2018 
Meisinger
	Neuropathic pain is not adequately treated in the older general population: Results from the KORA F4 survey
	“In the older general population, only a small proportion of subjects with painful DSPN receive analgesic pharmacotherapy. Although not recommended by guidelines for the treatment of neuropathic pain, NSAIDs were the most frequently used class of analgesic drugs.“
	29797371

	Validation of the German Diabetes Risk Score in an independent population

	2014 Mühlenbruch
	Update of the German Diabetes Risk Score and external validation in the German MONICA/KORA study
	“Inclusion of the number of diabetes-affected parents and sibling history improved the prediction of type 2 diabetes. Therefore, we updated the GDRS algorithm accordingly. Validation in another German cohort study showed good discrimination and acceptable calibration for the vast majority of individuals.”
	24742930

	Identification of novel predictors of type 2 diabetes

	2021 
Thorand
	A Panel of 6 Biomarkers Significantly Improves the Prediction of Type 2 Diabetes in the MONICA/KORA Study Population 
	“The addition of 6 biomarkers significantly improved the prediction of type 2 diabetes when added to a noninvasive clinical model or to a clinical model plus HbA1c.” 
	33382400

	2023  
Luo
	Associations of plasma proteomics with type 2 diabetes and related traits: results from the longitudinal KORA S4/F4/FF4 Study
	“We identified new candidates involved in the development of derangements in glucose metabolism and type 2 diabetes and confirmed previously reported proteins. Our findings underscore the importance of proteins in the pathogenesis of type 2 diabetes and the identified putative proteins can function as potential pharmacological targets for diabetes treatment and prevention.”
	37308750

	Contribution to large international consortia related to type 2 diabetes: SUMMIT  (Surrogate Markers for Micro- and Macro-vascular Hard Endpoints for Innovative Diabetes Tools)

	2015 
Looker
	Protein biomarkers for the prediction of cardiovascular disease in type 2 diabetes
	“We identified six protein biomarkers that in combination with clinical covariates improved the prediction of our model beyond the Framingham Score covariates. Biomarkers can contribute to improved prediction of CVD in diabetes but clinical data including measures of renal function and diabetes-specific factors not included in the Framingham Risk Score are also needed.”
	25740695

	Contribution to large international consortia related to type 2 diabetes: BiomarCaRE  (Biomarker for Cardiovascular Risk Assessment in Europe consortium)

	2016 
Blankenberg
	Troponin I and cardiovascular risk prediction in the general population: the BiomarCaRE consortium
	“In individuals free of cardiovascular disease, the addition of troponin I to variables of established risk score improves prediction of cardiovascular death and cardiovascular disease.”
	27174290

	Contribution to large international consortia related to type 2 diabetes: DIRECT (Diabetes Research on Patient Stratification)

	2018 
Molnos
	Metabolite ratios as potential biomarkers for type 2 diabetes: a DIRECT study
	“In this study we have shown that the Val_PC ae C32:2 metabolite ratio is associated with an increased risk of type 2 diabetes and measures of insulin secretion and resistance. The observed effects were stronger than that of the individual metabolites and independent of known risk factors.”
	28936587

	[bookmark: _Toc169529139]Environment
	

	In 1997 evidence of systemic inflammation during the 1985 air pollution episode was documented and thereby was able to provide first evidence for a systemic inflammatory response upon ambient air pollution exposure in the general population.

	1997
Peters
	Increased plasma viscosity during an air pollution episode: a link to mortality? 
	“During the 1985 air pollution episode, an increased risk of extreme values of plasma viscosity was observed in both men and women. Altered blood rheology due to inflammatory processes in the lung that induce an acute-phase reaction might therefore be part of the pathological mechanisms linking air pollution to mortality.” 
	9174559

	Pioneer work on ultrafine particles based on the aerosol measurement program as well as personal exposure measurements

	2014 
Rueckerl
	Associations between ambient air pollution and blood markers of inflammation and coagulation/fibrinolysis in susceptible populations
	“Our results support the hypothesis that air pollution increases systemic inflammation especially in susceptible populations which may aggravate atherosclerotic diseases and induce multi-organ damage.”
	24907704

	2015 
Gu
	Personal day-time exposure to ultrafine particles in different microenvironments
	“Traffic microenvironments were significant determinants for outdoor personal PNC. Being in a bistro, passive smoking, and cooking contributed significantly to an increased indoor personal PNC.”
	25458919

	2015 
Peters
	Elevated particle number concentrations induce immediate changes in heart rate variability: a panel study in individuals with impaired glucose metabolism or diabetes
	“The data suggest that freshly emitted ultrafine particles and aged fine particulate matter are both associated with changes in cardiac function in individuals with type 2 diabetes and impaired glucose tolerance in urban areas.”
	25888845

	2018 
Pilz
	C-reactive protein (CRP) and long-term air pollution with a focus on ultrafine particles 
	„This study adds to a scarce but growing body of literature showing associations between long-term exposure to ultrafine particles and hs-CRP, one of the most intensely studied blood biomarkers for cardiovascular health. Our results highlight the role of ultrafine particles within the complex mixture of ambient air pollution and their inflammatory potential.”
	29428699

	Underlying pathophysiological mechanisms of air pollution by investigating preclinical markers – hsCRP

	2001 
Peters
	Particulate air pollution is associated with an acute phase response in men; results from the MONICA-Augsburg Study 
	“Exposure to current levels of particulate matter in the atmosphere elicits an acute phase response in randomly selected healthy middle-aged men, which may contribute to the increased cardiovascular risk caused by air pollution.”
	11440492

	Underlying pathophysiological mechanisms of air pollution by investigating preclinical markers – parameters of cardiac function

	1999 
Peters
	Increases in heart rate during an air pollution episode
	“This paper assesses whether air pollution increases resting heart rates in 2,681 men and women aged 25-64 years who participated in the MONICA (monitoring of trends and determinants in cardiovascular disease) Augsburg cohort. Increases in heart rate were observed during the air pollution episode in January 1985 compared with non-episode days adjusted for cardiovascular risk factors and meteorologic parameters. Consistently, heart rates were also elevated at high concentrations of sulfur dioxide, total suspended particulates, or carbon monoxide. Acceleration in heart rates indicates an altered autonomic control of the heart in association with air pollution, which may contribute to the observed health effects in association with air pollution.”
	10568625

	2001 
Ibald-Mulli
	Effects of air pollution on blood pressure: a population-based approach 
	“The observed increase in systolic blood pressure associated with ambient air pollution could be related to a change in cardiovascular autonomic control.”
	11291368

	2012 
Hampel
	Acute air pollution effects on heart rate variability are modified by SNPs involved in cardiac rhythm in individuals with diabetes or impaired glucose tolerance
	“We identified a genetic predisposition in persons with diabetes or IGT making them potentially more susceptible to air pollutants with regard to changes in HRV.” 
	22071035

	2014 
Hampel
	Immediate ozone effects on heart rate and repolarisation parameters in potentially susceptible individuals
	“Changes in repolarisation might contribute to underlying pathophysiological changes associated with the link between elevated ozone levels and reported adverse cardiovascular outcomes.”
	24231411

	2014 
Hampel
	Impact of personally measured pollutants on cardiac function 
	“We detected concurrent reductions in RMSSD (-17.6% [95%-confidence interval: 29.1; -4.3]) when being in traffic by bike/foot. Being in traffic by car was associated with an immediate reduction in LF while more delayed increases in LF were observed when being in traffic by bike/foot. Air pollution and traffic effects on HR were less consistent. These rapid changes in HRV within 30min might be mediated by the autonomic nervous system in response to direct reflexes from receptors in the lungs.”
	24231411

	Underlying pathophysiological mechanisms of air pollution by investigating preclinical markers – ankle-brachial index

	2018 
Zhang
	Long-term effects of air pollution on ankle-brachial index 
	“Long-term exposure to PM and NO2 was associated with a higher prevalence of both low and high ABI, indicating the adverse effects of air pollution on atherosclerosis and arterial stiffness in the lower extremities.”
	29787898

	Underlying pathophysiological mechanisms of air pollution by investigating preclinical markers – insulin sensitivity

	2016 
Wolf
	Association Between Long-term Exposure to Air Pollution and Biomarkers Related to Insulin
Resistance, Subclinical Inflammation, and Adipokines
	“Our results suggested an association between long-term exposure to air pollution and IR in the general population that was attributable mainly to individuals with prediabetes.” 
	27605624

	2021 
Zhang
	Longitudinal associations between ambient air pollution and insulin sensitivity: results from the KORA cohort study.
	“Our study indicates that long-term air pollution exposure could contribute to the development of insulin resistance, which is one of the key factors in the pathogenesis of type 2 diabetes.”
	33421408

	Underlying pathophysiological mechanisms of air pollution by investigating preclinical markers – metabolites

	2022
Yao
	Longitudinal associations between metabolites and long-term exposure to ambient air pollution: Results from the KORA cohort study
	“Our study suggested that long-term exposure to air pollution is associated with metabolic alterations, particularly in PCs with unsaturated long-chain fatty acids. These findings might provide new insights into potential mechanisms for air pollution-related adverse outcomes.”
	36402035

	2023
Yao
	Longitudinal associations between metabolites and immediate, short- and medium-term exposure to ambient air pollution: Results from the KORA cohort study
	“Our study suggested that short- and medium-term exposure to air pollution might induce alterations of serum metabolites, particularly in metabolites involved in metabolic pathways related to inflammatory response and oxidative stress.”
	37495154

	Underlying pathophysiological mechanisms of air pollution by investigating preclinical markers – liver enzymes

	2013 
Markevych
	Air pollution and liver enzymes 
	“Thus, our findings concerning GGT may strengthen the hypothesis that particulate air pollution affects the cardiovascular system through mechanisms related to systemic oxidative stress. As correlations between PM2.5 and other pollutants were weak, this suggests that the pathway of PM2.5 might differ from the pathways of other pollutants. For example, PM2.5 can penetrate deeper into the pulmonary tree compared with PM10 or PMcoarse because of its smaller aerodynamic diameter. Additionally, our finding regarding strong effect modification by CVD might indicate that people with CVD are more susceptible to air pollution. However, as our reported association has not been assessed previously, it has to be replicated in other studies.“
	24076996

	Specific associations between air pollution and distal sensorimotor polyneuropathy (DSPN)

	2020 
Herder
	Association of Long-Term Air Pollution with Prevalence and Incidence of Distal Sensorimotor Polyneuropathy: KORA F4/FF4 Study
	“Both particulate and gaseous air pollutants were positively associated with prevalent and incident DSPN in obese individuals. Obesity and air pollution may have synergistic effects on the development of DSPN.”
	33356516

	2022 
Herder
	Environmental risk factors of incident distal sensorimotor polyneuropathy: Results from the prospective population-based KORA F4/FF4 study 
	„Thus, ubiquitous environmental exposures jointly augment the risk of DSPN in the older population. Lower air temperature in the warm season, less greenness, and higher noise levels and ultrafine particle concentrations identified people with obesity as a particularly vulnerable subgroup.”
	36328258

	Association between air pollution and depressed mood

	2016
Zijlema
	The association of air pollution and depressed mood in 70,928 individuals from four European cohorts
	“Our analyses of four European general population cohorts found no consistent evidence for an association between ambient air pollution and depressed mood.”
	

	Assessment of the link between air pollution and DNA methylation

	2016
Panni
	Genome-Wide Analysis of DNA Methylation and Fine Particulate Matter Air Pollution in Three Study Populations: KORA F3, KORA F4, and the Normative Aging Study
	“The PM-related CpG sites found in our study suggest novel plausible systemic pathways linking ambient PM exposure to adverse health effect through variations in DNA methylation.”
	26731791

	2018
De Lichtenfels
	Long-term Air Pollution Exposure, Genome-wide DNA Methylation and Lung Function in the LifeLines Cohort Study
	„Long-term NO2 exposure was genome-wide significantly associated with DNA methylation in the identification cohort but not in the replication cohort. Future studies are needed to further elucidate the potential mechanisms underlying NO2-exposure-related respiratory disease.”
	29410382

	2019
Gondalia
	Methylome-wide association study provides evidence of particulate matter air pollution-associated DNA methylation
	“Ambient PM concentrations were associated with DNAm at genomic regions potentially related to poor health among racially, ethnically and environmentally diverse populations of U.S. women and men. Further investigation is warranted to uncover mechanisms through which PM-induced epigenomic changes may cause disease.”
	31208937

	2021
Wang
	DNA methylation-based biomarkers of age acceleration and all-cause death, myocardial infarction, stroke, and cancer in two cohorts: The NAS, and KORA F4 
	“From the public health perspective, GrimAgeAccel is the most useful tool for identifying at-risk elderly, and evaluating the efficacy of anti-aging interventions.”
	33279859

	2022
Holliday
	Gaseous air pollutants and DNA methylation in a methylome-wide association study of an ethnically and environmentally diverse population of U.S. adults 
	“We identified three CpG sites potentially susceptible to gaseous air pollution-induced DNAm changes near genes relevant for cardiovascular and lung disease. Further harmonized investigations with a range of gaseous pollutants and averaging durations are needed to determine the effect of gaseous air pollutants on DNA methylation and ultimately gene expression.”
	35500859

	Biological aging based on DNA-methylation clocks in KORA as one of the first cohorts

	2016
Ward-Caviness
	Long-term exposure to air pollution is associated with biological aging 
	“Thus, we conclude that long-term exposure to air pollution is associated with biological aging measures, potentially in a sex-specific manner. However, many of the associations were relatively weak and further replication of overall and sex-specific associations is warranted.”
	27793020

	Novel findings on the effects of air temperature on plasma viscosity

	2022
Ni
	Short-term effects of cold spells on plasma viscosity: Results from the KORA cohort study in Augsburg, Germany 
	“We found that cold spells had significant immediate and longer lagged effects on plasma viscosity. This finding supports the complex interplay of multiple mechanisms of cold on adverse cardiac events and enriches the knowledge about how cold exposure acts on the human body.”
	35231540

	Novel findings on the effects of air temperature on blood and pulse pressure

	2014
Lanzinger
	Short-term effects of air temperature on blood pressure and pulse pressure in potentially susceptible individuals
	“We observed associations between decreases in air temperature and increases in BP as well as PP in persons with T2D indicating that these people might be potentially more susceptible to changes in air temperature. Our findings may provide a hypothesis for a mechanism between air temperature decreases and short-term increases of cardiovascular events.”
	24877761

	Novel findings on the effects of air temperature on inflammation

	2012
Schäuble
	Short-term effects of air temperature on blood markers of coagulation and inflammation in potentially susceptible individuals 
	“The authors observed different temperature effects on blood markers in two potentially susceptible groups probably indicating varying underlying biological mechanisms. This study results might provide a link between temperature and cardiovascular events.”
	22833664

	Novel findings on the effects of air temperature on telomere length

	2022
Ni
	Higher Daily Air Temperature Is Associated with Shorter Leukocyte Telomere Length: KORA F3 and KORA F4 
	“This meta-analysis of two cohort studies showed that between individuals, higher daily air temperature was associated with shorter leukocyte telomere length.”
	36442845

	Effects of air temperature on epigenetic age acceleration

	2023
Ni
	Associations between medium- and long-term exposure to air temperature and epigenetic age acceleration 
	“In conclusion, our results provide first evidence that medium- and long-term exposures to high air temperature affect increases in epigenetic age acceleration.”
	37517177

	Associations of noise with several health outcomes

	2013
Kraus
	Individual daytime noise exposure during routine activities and heart rate variability in adults: a repeated measures study 
	“Individual daytime noise exposure was associated with immediate changes in HRV, suggesting a possible mechanism linking noise to cardiovascular risk. Noise at lower levels may have health consequences beyond those resulting from "fight-or-flight" responses to high levels of noise.”
	23512292

	2014 Babisch
	Associations between Traffic Noise, Particulate Air Pollution, Hypertension, and Isolated Systolic Hypertension in Adults: The KORA Study
	“Traffic noise and PM2.5 were both associated with a higher prevalence of hypertension. Mutually adjusted associations with hypertension were positive but no longer statistically significant.”
	

	2015
Kraus
	Individual daytime noise exposure in different microenvironments
	“Individual exposures to day-time noise were moderate to high and showed high variations in different microenvironments except when being in traffic. Individual noise levels were greatly determined by personal activities but also seemed to depend on environmental noise levels.”
	25988991

	2017 Pitchika
	Long-term associations of modeled and self-reported measures of exposure to air pollution and noise at residence on prevalent hypertension and blood pressure
	“In conclusion, self-reported measures of air pollution or noise did not perform better than the objective measures. Our findings provide further evidence for a link between air pollution, noise and cardiovascular disease and indicate a stronger association for men and diabetic individuals.”
	

	Associations of polycyclic aromatic hydrocarbons and oxidative stress with several health outcomes

	2022 
Wu
	Assessment of the association of exposure to polycyclic aromatic hydrocarbons, oxidative stress, and inflammation: A cross-sectional study in Augsburg, Germany
	“The results of this cross-sectional study suggest, at a population level, that exposure to PAHs is associated with oxidative stress even in a low exposure setting. Oxidative stress markers, but not PAHs, were associated with inflammation. Individual risk factors were important contributors to these processes and should be considered in future studies. Further longitudinal studies are necessary to investigate the causal chain of the associations.“
	35777219

	Multi-exposure analyses for the metabolic syndrome, diabetes and obesity

	2021 
Voss
	Long-term exposure to air pollution, road traffic noise, residential greenness, and prevalent and incident metabolic syndrome: Results from the population-based KORA F4/FF4 cohort in Augsburg, Germany
	“We analyzed associations between air pollution, noise, greenness, and metabolic syndrome.
PM10, PMcoarse, PM2.5, PM2.5abs were positively associated with prevalent metabolic syndrome. No significant associations were observed for incident metabolic syndrome.”
	33421766

	2024
Badpa
	Air pollution, traffic noise, greenness, and temperature and the risk of incident type 2 diabetes: Results from the KORA cohort study
	“Our study contributes to the growing body of literature investigating the impact of environmental factors on T2D risks and suggests that the impact of environmental factors may be small.”
	38617422

	2024
Niedermayer
	Sex-specific associations of environmental exposures with prevalent diabetes and obesity - Results from the KORA Fit study
	“We observed sex-specific associations of environmental exposures with metabolic diseases. An additional interaction between environmental exposures and urbanization on obesity suggests a higher susceptibility to air pollution among urban men, and higher susceptibility to greenness among rural women, which needs corroboration in future studies.”
	38642640 

	Multi-exposure analyses in the ongoing large EXPANSE (Expanding Excellence in Medicine: Translational Research and Education) consortia

	2023 
de Bont
	Mixtures of long-term exposure to ambient air pollution, built environment and temperature and stroke incidence across Europe
	“We observed increased HRs for stroke with exposure to PM2.5, NO2 and BC, lower levels of greenness and higher impervious surface in single and combined exposure models.”
	37598594

	Links between air pollution, temperature and myocardial infarctions using data of the KORA Myocardial Infarction Registry.

	2004 
Peters
	Exposure to traffic and the onset of myocardial infarction
	„Transient exposure to traffic may increase the risk of myocardial infarction in susceptible persons.”
	15496621

	2009 
Wolf
	Air temperature and the occurrence of myocardial infarction in Augsburg, Germany
	“We observed an inverse relationship between temperature and MI occurrence not only during winter but also during summer. Thus, our results suggest not a pure "cold effect" but an influence of unusual temperature decreases.”
	19687361

	2019
Chen
	Temporal variations in the triggering of myocardial infarction by air temperature in Augsburg, Germany, 1987-2014
	“We found evidence of rising population susceptibility to heat-related MI risk from 1987 to 2014, suggesting that exposure to heat should be considered as an environmental trigger of MI, especially under a warming climate.”
	30859207

	2019
Chen
	Projection of Temperature-Related Myocardial Infarction in Augsburg, Germany: Moving on From the Paris Agreement on Climate Change
	“The future burden of temperature-related MI events in Augsburg at 2 °C and 3 °C of warming will be greater than at 1.5 °C. Fulfilling the Paris Agreement goal of limiting global warming to no more than 1.5 °C is therefore essential to avoid additional MI events due to climate change.”
	31554538

	2020
Chen
	Hourly Exposure to Ultrafine Particle Metrics and the Onset of Myocardial Infarction in Augsburg, Germany
	“Transient exposure to particle number, length, and surface area concentrations or other potentially related exposures may trigger the onset of nonfatal myocardial infraction.”
	31939685

	2022 
Chen
	Triggering of myocardial infarction by heat exposure is modified by medication intake
	“Based on a validated and complete registration of all 2,494 MI cases in Augsburg, Germany, during warm seasons (May to September) from 2001 to 2014, here we show that heat-related non-fatal MI risk was elevated among users of anti-platelet medication and beta-receptor blockers, respectively, but not among non-users, with significant differences between users and non-users.”
	39196082

	Potential of machine learning methods to predict future Myocardial Infarction events.

	2022 
Marien
	Machine learning models to predict myocardial infarctions from past climatic and environmental conditions
	“This ML approach provides a promising basis to model future MI under changing environmental conditions, as projected by scenarios for climate and other environmental changes.”
	https://doi.org/10.5194/nhess-22-3015-2022

	Development and conduct of methodological work in the field of biostatistics.

	2012 
Gu
	Selection of key ambient particulate variables for epidemiological studies - applying cluster and heatmap analyses as tools for data reduction 
	„The purpose of this study is to extract a relatively small selection of variables characterizing ambient particulate matter from a large measurement data set. The original data set comprised a total of 96 particulate matter variables that have been continuously measured since 2004 at an urban background aerosol monitoring site in the city of Augsburg, Germany.”
	22895165

	2016
Deffner
	Personal exposure to ultrafine particles: Two-level statistical modeling of background exposure and time-activity patterns during three seasons 
	“Personal indoor PNC levels were significantly increased during the use of candles, cooking and the occurrence of smell of food. High stationary outdoor PNC levels and low dew point temperatures were associated with increased personal outdoor PNC levels. Times spent in public transport were associated with lower personal PNC levels than other times spent in transportation. Personal PNC levels in everyday situations exhibited a large variability because of seasonal, microenvironment-specific and activity-specific influences.“
	25407347

	2018 
Deffner
	Mixtures of Berkson and classical covariate measurement error in the linear mixed model: Bias analysis and application to a study on ultrafine particles 
	“The substantial measurement error of ultrafine particle measurements has little impact on the results. The developed methodology is generally applicable to longitudinal data with measurement error.”
	29532948

	Large multicenter projects and consortia investigating health effects of air pollution and its interactions with temperature - ELAPSE (Effects of Low-Level Air Pollution: A Study in Europe).

	2021 
Brunekreef
	Mortality and Morbidity Effects of Long-Term Exposure to Low-Level PM2.5, BC, NO2, and O3: An Analysis of European Cohorts in the ELAPSE Project 
	“Long-term exposure to PM2.5, NO2, and BC was positively associated with natural-cause and cause-specific mortality in the pooled cohort and the administrative cohorts. Associations were found well below current limit values and guidelines for PM2.5 and NO2. Associations tended to be supralinear, with steeper slopes at low exposures with no indication of a threshold. Two-pollutant models documented the importance of characterizing the ambient mixture with both NO2 and PM2.5. We mostly found negative associations with O3. In two-pollutant models with NO2, the negative associations with O3 were attenuated to essentially unity in the mortality analysis of the administrative cohorts and the incidence analyses in the pooled cohort. In the mortality analysis of the pooled cohort, significant negative associations with O3 remained in two-pollutant models. Long-term exposure to PM2.5, NO2, and BC was also positively associated with morbidity outcomes in the pooled cohort. For stroke, asthma, and COPD, positive associations were found for PM2.5, NO2, and BC. For acute coronary heart disease, an increased HR was observed for NO2. For lung cancer, an increased HR was found only for PM2.5. Associations mostly showed steeper slopes at low exposures with no indication of a threshold.“
	36106702

	2021 
Wolf
	Long-term exposure to low-level ambient air pollution and incidence of stroke and coronary heart disease: a pooled analysis of six European cohorts within the ELAPSE project 
	“Long-term air pollution exposure was associated with incidence of stroke and coronary heart disease, even at pollutant concentrations lower than current limit values.”
	34508683

	Large multicenter projects and consortia investigating health effects of air pollution and its interactions with temperature - ESCAPE (European Study of Cohorts for Air Pollution Effects)

	2014 
Cesaroni
	Long term exposure to ambient air pollution and incidence of acute coronary events: prospective cohort study and meta-analysis in 11 European cohorts from the ESCAPE Project 
	“Long term exposure to particulate matter is associated with incidence of coronary events, and this association persists at levels of exposure below the current European limit values.”
	24452269

	2015 
Hampel
	Long-term effects of elemental composition of particulate matter on inflammatory blood markers in European cohorts 
	“Long-term exposure to transition metals within ambient particulate matter, originating from traffic and industry, may be related to chronic systemic inflammation providing a link to long-term health effects of particulate matter.”
	26057255

	2015 
Wolf
	Long-term Exposure to Particulate Matter Constituents and the Incidence of Coronary Events in 11 European Cohorts 
	“This multicenter study of 11 European cohorts pointed to an association between long-term exposure to PM constituents and coronary events, especially for indicators of road dust.”
	25978793

	Walkability

	2020a
Kartschmit
	Walkability and its association with prevalent and incident diabetes among adults in different regions of Germany: results of pooled data from five German cohorts
	“In the studied German settings, walkability differences might not explain differences in T2D.”
	31931801

	2020b Kartschmit
	Walkability and its association with walking/cycling and body mass index among adults in different regions of Germany: a cross-sectional analysis of pooled data from five German cohorts 
	“We found evidence for associations of walking/cycling with walkability measures. Associations for BMI differed across cohorts.”
	32350013

	Green space

	2022
Bereziartua
	Exposure to surrounding greenness and natural-cause and cause-specific mortality in the ELAPSE pooled cohorts
	“We found a significant inverse association between surrounding greenness and natural-cause mortality, which remained after adjusting for spatially correlated air pollution and traffic noise.”
	35717714

	2023
Dandolo
	Do Multiple Sex/Gender Dimensions Play a Role in the Association of Green Space and Self-Rated Health? Model-Based Recursive Partitioning Results from the KORA INGER Study
	“In general, there were differences between the subjective and objective exposure measures, with a positive association for both subjective green space measures and self-rated health, but no relationship between greenness captured by NDVI data and self-rated health. This underlines the importance of reporting different types of green space measures in future studies.”
	37047857

	Persistent organic pollutants

	2019 
Wolf
	Persistent organic pollutants and the incidence of type 2 diabetes in the CARLA and KORA cohort studies 
	“Our results add to the evidence on diabetogenic effects of POPs in the general population, and warrant both policies to prevent human exposure to POPs and additional research on the adverse effects of more complex chemical mixtures.”
	31132656

	[bookmark: _Toc169529140]2021 
Schwarz
	Association of persistent organic pollutants with sensorimotor neuropathy in participants with and without diabetes or prediabetes: Results from the population-based KORA FF4 study
	“Low-dose concentrations of POPs were not associated with increased odds of having DSPN in T2D, prediabetes and NGT.”
	34020228

	Mental Health

	Prognostic impact of psycho-social stress on the incidence of cardio-metabolic disease and other chronic disease outcomes as well as its psycho-neuro-immunological underlying factors

	2020
Ladwig
	[Mental health research opportunities in the MONICA-KORA study]
	“Prospective assessments of psychosocial stress conditions on the onset of somatic disease conditions and research on the interaction with autonomic, endocrine and inflammatory pathways result in new insights of established disease conditions and may contribute as a game-changer in the current disease understanding.”
	33284064

	Symptom-driven diagnostic scale to assess depressed and exhausted mood (DEEX)

	2004
Ladwig
	the general population: reliability and validity of a symptom-driven diagnostic scale. Results from the prospective MONICA/KORA Augsburg Study 
	„The scale comprises eight items describing motivational depletion, decreased vitality, irritability, and an anxious mood with sufficient internal and external reliability, concurrent and construct validity. Its normal distribution allows a graduated analysis of different thresholds. The instrument may be particularly useful to identify exhausted and depressed mood of otherwise apparently healthy subjects in the general population.“
	15177272

	Impact of depressed mood on the association of hsCRP and obesity in middle aged healthy men

	1992
Stumpe
	Antihypertensive therapy: new strategies beyond blood pressure control.
	“Therefore, in a new therapeutic approach to the treatment of high blood pressure, it would be logical to base antihypertensive therapy on strategies that not only lower the blood pressure but that have beneficial impacts on hemodynamics, vascular and cardiac structure, metabolism, and quality-of-life issues.“
	1283182

	Synergistic effects of depressed mood and obesity on long-term cardiovascular risks in obese men and women

	2006
Ladwig
	Synergistic effects of depressed mood and obesity on long-term cardiovascular risks in 1510 obese men and women: results from the MONICA-KORA Augsburg Cohort Study 1984-1998
	“Depressed mood substantially amplifies the CHD risk of middle-aged obese, but otherwise apparently healthy men. The impact of depression on the obesity risk in women is less pronounced.“
	16552409

	Demonstration that the combined effect of hsCRP and depressed mood was a by far more powerful predictor of cardiovascular disease in initially healthy men than hsCRP alone

	2005
Ladwig
	C-reactive protein, depressed mood, and the prediction of coronary heart disease in initially healthy men: results from the MONICA-KORA Augsburg Cohort Study 1984-1998
	“In apparently healthy men, a DM substantially increases the power of elevated C-reactive protein to predict a subsequent myocardial infarction. Both conditions may share a common underlying mechanism.”
	16126719

	Comprehensive analysis on depressed mood as a risk predictor for all-cause and cardiovascular mortality beyond the contribution of the classical somatic risk factors in men and evidence of a balanced impact of depression in concurrence to all big five somatic risk factors

	2017
Ladwig
	Room for depressed and exhausted mood as a risk predictor for all-cause and cardiovascular mortality beyond the contribution of the classical somatic risk factors in men
	“DEEX is a strong predictor of mortality risk, ranking in a medium position amongst classical somatic risk factors.”
	28110940

	Introduction of the Type D concept combining negative affectivity and social inhibition

	2010
Hausteiner
	Clustering of negative affectivity and social inhibition in the community: prevalence of type D personality as a cardiovascular risk marker
	“A Type D personality disposition can be found in about a quarter of the general population, which is comparable to the prevalence of classical cardiovascular risk factors. In both sexes, an independent association to Type D appeared mainly in psychopathological symptoms. Type D constitutes a relevant and independent risk marker in the community and should receive attention in clinical practice.“
	20100886

	Elucidation of the conspicuous tryptophan metabolite kynurenine pathways within its metabolomic profile

	2013
Altmaier
	Metabolomic profiles in individuals with negative affectivity and social inhibition: a population-based study of Type D personality 
	“This study identified novel biochemical pathways associated with Type D personality and demonstrates that the application of metabolomic approaches in population studies can reveal mechanisms that may contribute to psychological health and disease.”
	23237813

	Job strain as CVD risk factor within the pooled large scale European IPD-Work Consortium

	2013
Nyberg
	Job strain and cardiovascular disease risk factors: meta-analysis of individual-participant data from 47,000 men and women
	“In this meta-analysis of work-related stress and cardiovascular disease risk factors, job strain was linked to adverse lifestyle and diabetes. No association was observed between job strain, clinic blood pressure or blood lipids.”
	23840664

	Revelation of a dose-response effect of work stress and impaired sleep on coronary and cardiovascular mortality in employees with hypertension

	2021
Li
	Combined effect of work stress and impaired sleep on coronary and cardiovascular mortality in hypertensive workers: The MONICA/KORA cohort study 
	“Our findings add a new piece of evidence that work stress together with impaired sleep increase risk of coronary and cardiovascular mortality in hypertensive workers.”
	33838034

	Markers of job strain-associated inflammatory burden were highly significantly associated with long-term risk of chronic heart disease

	2013
Emeny
	Job strain-associated inflammatory burden and long-term risk of coronary events: findings from the MONICA/KORA Augsburg case-cohort study 
	“Job strain increased CHD risk in healthy workers; the associated inflammatory burden may contribute to stress-related coronary pathogenesis.”
	23460721

	Job strain associated hsCRP was mediated by leisure time physical activity – thus opening a rational basis for preventive consequences

	2012
Emeny
	Job strain associated CRP is mediated by leisure time physical activity: results from the MONICA/KORA study 
	“The analyses provide evidence for both a direct and an indirect effect of job strain on inflammation.”
	22813435

	Deep impact of mental health distortions in community dwelling subjects identified for mitochondrial genetic variants

	2015
Flaquer
	Mitochondrial genetic variants identified to be associated with posttraumatic stress disorder 
	“Mitochondrial genetic variants may be more important than has previously been assumed, leading to further insights regarding effects of existing medications, or even to the development of innovative treatments. As this is the first mitochondrial genome-wide association study for PTSDs, further analyses are needed to follow up on the present findings.“
	25756807

	Deep impact of mental health distortions in community dwelling subjects identified for decreased levels of serum laurylcarnitine

	2021
Zacharias
	A metabolome-wide association study in the general population reveals decreased levels of serum laurylcarnitine in people with depression 
	“Decreased blood laurylcarnitine levels in depressed individuals may point to impaired fatty acid oxidation and/or mitochondrial function in depressive disorders, possibly representing a novel therapeutic target.”
	34088979

	Epigenetic upregulation of FK506 binding protein 5 (FKBP5) by psychosocial stress was shown to contribute to Nuclear Factor kappa-light-chain-enhancer of activated B cells (NF-κB-driven) inflammation and cardiovascular risk.

	2019
Zannas
	Epigenetic upregulation of FKBP5 by aging and stress contributes to NF-κB-driven inflammation and cardiovascular risk 
	“These findings suggest that aging/stress-driven FKBP5-NF-κB signaling mediates inflammation, potentially contributing to cardiovascular risk, and may thus point to novel biomarker and treatment possibilities.”
	31113877
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Health in Old Age
	

	Initiation of the KORA-Age study to assess the determinants and consequences of multimorbidity and related conditions in older adults and to elucidate reasons for successful aging in the general population.

	2011
Peters
	Multimorbidity and successful aging: the population-based KORA-Age study
	“The KORA-Age consortium was able to collect data in a large population-based sample and is contributing to the understanding of multimorbidity and successful aging.”
	22270973

	Major patterns and determinants of multimorbidity.

	2012
Kirchberger
	Patterns of multimorbidity in the aged population. Results from the KORA-Age study
	“Our results confirmed the existence of co-occurrence of certain diseases in elderly persons, which is not caused by chance. Some of the identified patterns of multimorbidity and their overlap may indicate common underlying pathological mechanisms.”
	22291986

	2013
Autenrieth
	Physical activity is inversely associated with multimorbidity in elderly men: results from the KORA-Age Augsburg Study 
	“We demonstrated an inverse association between physical activity and multimorbidity among men. Further prospective studies have to confirm the temporality of effects.”
	23485795

	2016 
Volaklis
	Handgrip strength is inversely and independently associated with multimorbidity among older women: Results from the KORA-Age study
	„Lower levels of handgrip strength are associated with a higher odd of MMB among older women even after adjusting for traditional and novel confounders. Increasing the levels of muscular strength in older women seems to be important in order to reduce the risk for the co-occurrence of multiple chronic diseases.“
	27108239

	2017 
Helbig
	Relationship between sleep disturbances and multimorbidity among community-dwelling men and women aged 65-93 years: results from the KORA Age Study
	“There seems to be sex-specific particularities in the relationship between sleep disturbances and sleep duration with multimorbidity and commonly co-occurring pairs of chronic conditions in older adults from the general population.”
	28449896

	2017
Stephan
	Male sex and poverty predict abrupt health decline: Deficit accumulation patterns and trajectories in the KORA-Age cohort study
	“Towards the end of life, being male with low income may increase the risk for abrupt decline, indicating need for early detection.”
	28663079

	2019
Stephan
	Being born in the aftermath of World War II increases the risk for health deficit accumulation in older age: results from the KORA-Age study 
	“Being in critical developmental age during the ERFC period increased FI levels in adults aged 65-71 years. Covariates did not explain these effects, suggesting a direct detrimental effect from being in critical developmental age during the ERFC period on older-age health. This expansion of morbidity in Germany was not detected in the PCR cohort.”
	30941552

	2023
Arshadipour
	Multimorbidity patterns and mortality in older adults: Results from the KORA-Age study
	“The risk of premature death does not only depend on the number of diseases but also on the specific disease combinations. In this study, life expectancy depended strongly on a few diseases, such as diabetes, hypertension, and heart disease.”
	37051131

	Determinants of frailty.

	2014
Johar
	Blunted diurnal cortisol pattern is associated with frailty: a cross-sectional study of 745 participants aged 65 to 90 years
	“Frailty status is associated with blunted cortisol reactivity as demonstrated by lower morning and higher evening salivary cortisol levels.”
	24564322

	2015
Pabst
	Association of low 25-hydroxyvitamin D levels with the frailty syndrome in an aged population: results from the KORA-age Augsburg study
	“Subjects with 25(OH)D serum levels ≥ 15 ng/ml were less frequently prefrail or frail.”
	25732209

	2015
Vogt
	Prospective association of vitamin D with frailty status and all-cause mortality in older adults: Results from the KORA-Age Study 
	“Very low 25(OH)D levels were independently associated with incident pre-frailty, pre-frailty/frailty combined and all-cause mortality.”
	25614042

	2016
Stephan
	A high level of household physical activity compensates for lack of leisure time physical activity with regard to deficit accumulation: Results from the KORA-Age study 
	“High levels of household physical activity might compensate for low levels of leisure time physical activity in the prevention of deficit accumulation. Further research efforts investigating the temporal sequence of this association are needed.“
	26854764

	2017
Stephan
	Male sex and poverty predict abrupt health decline: Deficit accumulation patterns and trajectories in the KORA-Age cohort study 
	“In conclusion, several factors are associated with FI levels at baseline whereas the change in FI levels over time seems hardly modifiable. Thus, future research should investigate if the same factors predicting older-age FI levels constitute predictors of DA onset earlier in life. Towards the end of life, being male with low income may increase the risk for abrupt decline, indicating need for early detection.“
	28663079

	2019
Stephan
	Being born in the aftermath of World War II increases the risk for health deficit accumulation in older age: results from the KORA-Age study
	“Being in critical developmental age during the ERFC period increased FI levels in adults aged 65-71 years. Covariates did not explain these effects, suggesting a direct detrimental effect from being in critical developmental age during the ERFC period on older-age health. This expansion of morbidity in Germany was not detected in the PCR cohort.”
	30941552

	2022
Li
	Derivation and validation of an epigenetic frailty risk score in population-based cohorts of older adults 
	“In conclusion, we identify 65 CpGs as frailty-related loci, of which 20 CpGs are used to calculate the eFRS with predictive performance for frailty over long-term follow-up.”
	36071044

	Falls

	2014
Thaler-Kall
	Association between anemia and falls in community-dwelling older people: cross-sectional results from the KORA-Age study
	“In the present study we have not found an independent association between hemoglobin levels or anemia and falls in older people from the general population. Because there was an additive effect of anemia and disability on the occurrence of falls, blood count should be measured in disabled older men and women to identify persons, who are at particular high risk for falls.“
	24602338

	2015
Thaler-Kall
	Description of spatio-temporal gait parameters in elderly people and their association with history of falls: results of the population-based cross-sectional KORA-Age study
	“Age, frailty, multimorbidity, disability, history of falls, sex, and multiple medication use show an association with different gait parameters measured during gait assessment on an electronic walkway in elderly people. Furthermore, stride length is a good indicator to differentiate fallers from non-fallers in older men from the general population.“
	25880255

	2018
Arvandi
	Mediator Effect of Balance Problems on Association Between Grip Strength and Falls in Older Adults: Results From the KORA-Age Study
	“Increased muscular strength is associated with a reduced risk of falls in older age after adjustment for age and gender. The association is partially mediated by balance problems. Thus, in older adults, muscle-strengthening exercises may decrease the risk of falling.”
	29568795

	Sarcopenia or muscle parameters

	2015
Volaklis
	Association between muscular strength and inflammatory markers among elderly persons with cardiac disease: results from the KORA-Age study
	“Lower levels of muscular strength are associated with higher concentrations of IL-6 and hs-CRP in elderly individuals with and without cardiac disease suggesting a significant contribution of the muscular system in reducing low-grade inflammation that accompanies cardiac disease and aging.”
	25967155

	2017
Phillips
	Sarcopenia is associated with disability status-results from the KORA-Age study
	“The prevalence of sarcopenia is consistent with estimates from other European studies using this algorithm. Our results suggest that sarcopenia can contribute to higher disability scores in older adults. However, our study was not able to show any influence of sarcopenia on the rate of functional decline using the EWGSOP diagnostic algorithm for sarcopenia. This directs attention to an accurate diagnosis of sarcopenia as the onset may be influenced, but its rate may not.“
	28386704

	2019
Conzade
	Vitamin D in Relation to Incident Sarcopenia and Changes in Muscle Parameters Among Older Adults: The KORA-Age Study 
	“Low baseline 25OHD levels were associated with unfavorable changes in muscle mass and physical performance, but not with incident sarcopenia. Future randomized trials are needed to assess causality and to address the issue of competing risks such as mortality in older cohorts.“
	31069442

	2020
Ferrari
	Longitudinal association of type 2 diabetes and insulin therapy with muscle parameters in the KORA-Age study 
	“Participants with T2D showed an accelerated decline in muscle mass compared to non-diabetic participants. Insulin therapy was associated with preserved muscle mass, but not muscle function parameters, indicating a discrepancy between muscle mass and function in this high-risk population.”
	32246270

	Sarcopenic obesity

	2023
Schluessel
	Sarcopenic obesity using the ESPEN and EASO consensus statement criteria of 2022 - Results from the German KORA-Age study
	“Sarcopenic obesity is prevalent in the older German population and is associated with several clinical traits. Future longitudinal studies are needed to further elucidate whether the observed associations could be causal.“
	37633820

	Health related quality of life

	2011 
Hunger
	Multimorbidity and health-related quality of life in the older population: results from the German KORA-age study
	“There are important interactions between coronary problems, diabetes mellitus, and the history of a stroke that negatively affect HRQL in the older German population. Not only high but also low BMI is associated with impairments in health status.”
	21767362

	2015 
Vogt
	Neighborhood and healthy aging in a German city: distances to green space and senior service centers and their associations with physical constitution, disability, and health-related quality of life 
	“Thus, proximity to green space may not be as important as in a densely populated metropolitan area. Moreover, an objectively defined measure of access such as Euclidian distance may not reflect the actual use. Future studies should try to assess the importance of resources of the residential environment not only objectively, but also from the resident's perspective.“
	28804360

	2016 
Riedl
	Comparison of different measures of obesity in their association with health-related quality of life in older adults - results from the KORA-Age study 
	“These results suggest that, with regard to HRQoL/SRPC, simple anthropometric measures are sufficient to determine obesity in older adults in medical practice.”
	27337156

	Mortality

	2015
Vogt
	Prospective association of vitamin D with frailty status and all-cause mortality in older adults: Results from the KORA-Age Study
	“Very low 25(OH)D levels were independently associated with incident pre-frailty, pre-frailty/frailty combined and all-cause mortality.”
	25614042

	2016
Arvandi
	Gender differences in the association between grip strength and mortality in older adults: results from the KORA-age study
	“Grip strength is inversely associated with mortality risk in older adults, and this association is independent of age, nutritional status, number of prescribed drugs, number of chronic diseases and level of physical activity. The association between muscular strength and all-cause mortality tended to be stronger in women. It seems to be particularly important for the weakest to enhance their levels of muscular strength in order to reduce the risk of dying early.“
	27903239

	2023
Huemer
	Grip strength values and cut-off points based on over 200,000 adults of the German National Cohort - a comparison to the EWGSOP2 cut-off points 
	“Cut-off points for low grip strength from German population-based data were 2 kg higher than the EWGSOP2 cut-off points. Higher cut-off points increase the sensitivity, thereby suggesting an intervention for more patients at risk, while other individuals might receive additional diagnostics/treatment without the urgent need. Research on the effectiveness of intervention in patients with low grip strength defined by different cut-off points is needed.“
	36702514

	Mental health - depressed mood

	2012
Lacruz
	Relation between depressed mood, somatic comorbidities and health service utilisation in older adults: results from the KORA-Age study
	“Results suggest that patients with depressed mood had increased use of health-care services overall, particularly those with somatic comorbidities.”
	22156596

	Mental health – Loneliness

	2014
Zebhauser
	How much does it hurt to be lonely? Mental and physical differences between older men and women in the KORA-Age Study
	“The extent of loneliness was equally distributed between men and women, although women were more disadvantaged regarding living arrangements as well as physical and mental health. However, loneliness was stronger associated with adverse mental health conditions in men. These findings should be considered when developing intervention strategies to reduce loneliness.“
	23804458

	Mental health - Cognitive impairment

	2015
Johar
	Lower morning to evening cortisol ratio is associated with cognitive impairment in men but not women: An analysis of 733 older subjects of the cross-sectional KORA-Age study
	“Our findings suggest that dysregulated HPA axis reactivity, evidenced by blunted diurnal cortisol responses, are associated with impaired cognitive function in an aged population.”
	25462902

	2016
Johar
	Impaired Sleep Predicts Cognitive Decline in Old People: Findings from the Prospective KORA Age Study
	“DMS and long sleep duration were associated with cognitive decline in normal and cognitively impaired elderly, respectively. The identification of impaired sleep quality may offer intervention strategies to deter cognitive decline in the elderly with normal cognitive function.”
	26414903

	2016
Lukaschek
	Cognitive Impairment Is Associated with a Low Omega-3 Index in the Elderly: Results from the KORA-Age Study 
	“A robust association was found between low omega-3 levels and cognitive impairment in an elderly population. Further research is needed to understand the link between omega-3 PUFA and cognitive functioning.”
	27701160

	Micronutrient deficiencies

	2017
Conzade
	Prevalence and Predictors of Subclinical Micronutrient Deficiency in German Older Adults: Results from the Population-Based KORA-Age Study
	“Subclinical micronutrient deficiency is a public health concern among KORA-Age participants, especially for vitamins D and B12. The predictors identified provide further rationale for screening high-risk subgroups and developing targeted public health interventions to tackle prevailing micronutrient inadequacies among older adults.”
	29168737

	Use of dietary supplements

	2014
Schwab
	The use of dietary supplements among older persons in southern Germany - results from the KORA-age study
	“A high proportion of the general population aged 65 years and older in Southern Germany uses DS, especially supplements containing vitamins/minerals. The supplementation of vitamin D can be regarded as favorable in this age group, whereas the excessive intakes of vitamin E might be a cause of concern.”
	24886738

	Complementary alternative medicines in older adults.

	2014
Weidenhammer
	Prevalence of use and level of awareness of CAM in older people - results from the KORA-Age study
	“Findings indicate that awareness of CAM is high even among people ≥65 years. Estimates for the prevalence of CAM use confirm the relevance of this treatment sector in the healthcare system for the elderly.”
	25427520
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	Respiratory health and lung function indices were introduced into the KORA study and used to establish reference values up to advanced age for spirometry.

	2011
Koch
	Lung function reference values in different German populations
	“The results contribute to the interpretation of lung function examination in providing a comprehensive set of spirometry reference values obtained in a large number of healthy volunteers. Whereas the differences in between the investigated studies are negligible, striking divergence was detected in comparison to historic and recent European spirometry prediction values.“
	21130637

	2012
Quanjer
	Multi-ethnic reference values for spirometry for the 3-95-yr age range: the global lung function 2012 equations
	“Spirometric prediction equations for the 3-95-age range are now available that include appropriate age-dependent lower limits of normal. They can be applied globally to different ethnic groups. Additional data from the Indian subcontinent and Arabic, Polynesian and Latin American countries, as well as Africa will further improve these equations in the future.”
	22743675

	2013
Karrasch
	Spirometric reference values for advanced age from a South german population
	“Our study provides up-to-date reference equations for all major indices of flow-volume curves in middle and advanced age in a South German population. The small deviations from published equations indicate that there might be some regional differences of lung function within the Caucasian population of advanced age in Europe.“
	22797415

	Impulse oscillometry

	2013
Schulz
	Reference values of impulse oscillometric lung function indices in adults of advanced age 
	“Our study provides up-to-date reference equations for IOS in Caucasians aged 45 to 85 years. We suggest the use of the present equations particularly in advanced age in order to detect airway dysfunction.“
	23691036

	Influencing factors on exhaled nitric oxide, a noninvasive marker for allergic airway inflammation were determined.

	2011
Karrasch
	Exhaled nitric oxide and influencing factors in a random population sample
	“We conclude that in middle-aged non-smokers the effects of infection, age and height can be easily taken into account and do not significantly disturb the effect of respiratory tract allergies on FeNO. In current smokers, however, effects were heterogeneous and information on smoking intensity seems to be useful for better adjustment.”
	21146387

	Quality of life associated with lung health

	2014
Wacker
	Health-related quality of life and chronic obstructive pulmonary disease in early stages - longitudinal results from the population-based KORA cohort in a working age population
	“Despite small HRQL differences between COPD patients in early disease stages and controls and small changes over ten years, our results indicate that it is important to prevent subjects with airflow limitation from progression to higher grades. Awareness of HRQL impairments in early stages is important for offering early interventions in order to maintain high HRQL in COPD patients.”
	25107380

	2016
Wacker
	Relative impact of COPD and comorbidities on generic health-related quality of life: a pooled analysis of the COSYCONET patient cohort and control subjects from the KORA and SHIP studies
	“Compared with control subjects, the considerable reduction of HRQL in patients with COPD was mainly due to respiratory limitations, but observed comorbidities added linearly to this effect. Younger COPD patients showed a greater loss of HRQL and may therefore be in specific need of comprehensive disease management.”
	27405652

	2018
Luzak
	Association of generic health-related quality of life (EQ-5D dimensions) and inactivity with lung function in lung-healthy German adults: results from the KORA studies F4L and Age
	“Problems with mobility or usual activities, and inactivity were associated with slightly lower spirometric parameters in lung-healthy adults, suggesting a relationship between perceived physical functioning and volumetric lung function.”
	29411224

	Physical activity, particularly in smokers associated with lung health

	2017
Luzak
	Association of physical activity with lung function in lung-healthy German adults: results from the KORA FF4 study

	“Although the effects were small, active subjects showed higher spirometric results. The observed associations were more pronounced among ever smokers suggesting a higher benefit of PA for subjects being at a higher risk for chronic lung diseases.”
	29282101

	High blood pressure and antihypertensive medication associated with lung health

	2011
Schnabel
	High blood pressure, antihypertensive medication and lung function in a general adult population
	“Our analysis indicates that both high blood pressure and the use of beta-blockers, but not the use of other antihypertensive medication, are associated with reduced lung function in a general adult population.”
	21510847

	 Asthma associates with insulin resistance

	2022
Karlina
	Differential effects of lung inflammation on insulin resistance in humans and mice
	“Asthma associates with insulin resistance in humans, but HDM challenge results in opposing effects on glucose homeostasis in mice due to increased energy expenditure, reduced adipose inflammation, and hepatosteatosis.”
	35060125

	Genome wide association studies identified genetic and epigenetic variants and associated pathways influencing lung function, its age dependent decline as well as sex differential and interactional effects with smoking

	2014
Loth
	Genome-wide association analysis identifies six new loci associated with forced vital capacity 
	“We detected transcripts for all six newly implicated genes in human lung tissue. The new loci may inform mechanisms involved in lung development and the pathogenesis of restrictive lung disease.”
	24929828

	2015
Soler Artigas
	Sixteen new lung function signals identified through 1000 Genomes Project reference panel imputation
	“Lung function measures are used in the diagnosis of chronic obstructive pulmonary disease. In 38,199 European ancestry individuals, we studied genome-wide association of forced expiratory volume in 1 s (FEV1), forced vital capacity (FVC) and FEV1/FVC with 1000 Genomes Project (phase 1)-imputed genotypes and followed up top associations in 54,550 Europeans. We identify 14 novel loci (P<5 × 10(-8)) in or near ENSA, RNU5F-1, KCNS3, AK097794, ASTN2, LHX3, CCDC91, TBX3, TRIP11, RIN3, TEKT5, LTBP4, MN1 and AP1S2, and two novel signals at known loci NPNT and GPR126, providing a basis for new understanding of the genetic determinants of these traits and pulmonary diseases in which they are altered.”
	26635082

	2019
Imboden
	Epigenome-wide association study of lung function level and its change
	“Our results reveal that lung function-associated methylation signals in adults are predominantly smoking related, and possibly of clinical utility in identifying poor lung function and accelerated decline. Larger studies with more repeat time-points are needed to identify lung function DNAme in never-smokers and in children.”
	31073081

	2020
Fawcett
	Variants associated with HHIP expression have sex-differential effects on lung function
	“We identified a novel genotype-by-sex interaction at a putative enhancer region upstream of the HHIP gene. Establishing the mechanism by which HHIP SNPs have different effects on lung function in males and females will be important for our understanding of lung health and diseases in both sexes.”
	33728380

	2021
Yang
	Rare and low-frequency exonic variants and gene-by-smoking interactions in pulmonary function 
	“This study investigates the utility of assessing gene-by-smoking interactions and underscores their effects on potential pulmonary function.”
	34588469

	2023
Shrine
	Multi-ancestry genome-wide association analyses improve resolution of genes and pathways influencing lung function and chronic obstructive pulmonary disease risk
	“We undertook phenome-wide association studies for selected associated variants as well as trait and pathway-specific genetic risk scores to infer possible consequences of intervening in pathways underlying lung function. We highlight new putative causal variants, genes, proteins and pathways, including those targeted by existing drugs. These findings bring us closer to understanding the mechanisms underlying lung function and COPD, and should inform functional genomics experiments and potentially future COPD therapies.”
	36914875

	Derived genetic risk scores for impaired lung function showed strong association with chronic obstructive pulmonary disease (COPD)

	2023
Shrine
	Multi-ancestry genome-wide association analyses improve resolution of genes and pathways influencing lung function and chronic obstructive pulmonary disease risk
	“We undertook phenome-wide association studies for selected associated variants as well as trait and pathway-specific genetic risk scores to infer possible consequences of intervening in pathways underlying lung function. We highlight new putative causal variants, genes, proteins and pathways, including those targeted by existing drugs. These findings bring us closer to understanding the mechanisms underlying lung function and COPD, and should inform functional genomics experiments and potentially future COPD therapies.”
	36914875

	Association was supported and extended by studies on proteomics

	2023
Radder
	Multiomics and Multiancestry Approaches: Key Steps to Untangling the Web of Chronic Obstructive Pulmonary Disease Pathogenesis
	No abstract available
	37526482

	Markers of biological age

	2016
Zierer
	Metabolomics profiling reveals novel markers for leukocyte telomere length
	“Our results suggest an involvement of altered fatty acid metabolism and increased oxidative stress in human biological aging, reflected by LTL and age-related phenotypes of vital organ systems.”
	26797767

	2020
Breen
	Accelerated epigenetic aging as a risk factor for chronic obstructive pulmonary disease and decreased lung function in two prospective cohort studies
	“The association between the change in age acceleration between baseline and follow-up and incident COPD replicated in the Normative Aging Study. Associations with spirometric lung function parameters were weaker than those with COPD, but a meta-analysis of both cohorts provide suggestive evidence of associations. Accelerated epigenetic aging, both baseline measures and changes over time, may be a risk factor for COPD and reduced lung function.”
	32747609

	DNA methylation sites

	2018
Carmona
	Metastable DNA methylation sites associated with longitudinal lung function decline and aging in humans: an epigenome-wide study in the NAS and KORA cohorts
	“Human epigenomic variation, may help explain features of lung function decline and related pathophysiology not attributable to DNA sequence alone, such as accelerated pulmonary decline in smokers, former smokers, and perhaps non-smokers. Our EWAS across two cohorts, therefore, will likely have implications for the human population, not just the elderly.”
	30343628

	New approaches for diagnosis of impaired lung function and diseases

	2016
Karrasch
	What is the impact of different spirometric criteria on the prevalence of spirometrically defined COPD and its comorbidities? Results from the population-based KORA study
	“In a population-based cohort of adults up to the age of 90 years, the prevalence of spirometrically defined COPD was higher for the FR criterion than for the LLN criterion. This difference increased with age. Neither prevalences of common comorbidities nor levels of the biomarkers, CRP or IL-6, were conclusively associated with the selection of the COPD criterion. Results have to be considered in light of the predominantly mild cases of airway obstruction in the examined study population.“
	27574413

	 Genetic and metabolite profiling in asthma

	2013
Ried
	Integrative genetic and metabolite profiling analysis suggests altered phosphatidylcholine metabolism in asthma 
	“Our study demonstrated the potential of metabolomics to infer asthma-related biomarkers by the identification of potentially deregulated phospholipids that associate with asthma and asthma risk alleles.”
	23452035

	Proteasome activity in peripheral blood leucocytes

	2021
Kammerl
	Blood Immunoproteasome Activity Is Regulated by Sex, Age and in Chronic Inflammatory Diseases: A First Population-Based Study
	“In aging, almost all catalytic activities of the proteasome were activated in aged women while maintained upon aging in men. We also noted distinct sex-related activation patterns of standard and immunoproteasome active sites in chronic inflammatory diseases such as diabetes, cardiovascular diseases, asthma, or chronic obstructive pulmonary disease as determined by multiple linear regression modeling. Our data thus provides a conceptual framework for future analysis of immunoproteasome function as a bio-marker for chronic inflammatory disease development and progression.“
	34943847

	2022
Kammerl
	Activation of immune cell proteasomes in peripheral blood of smokers and COPD patients: implications for therapy
	“Given the crucial role of chronic inflammatory signalling and the emerging involvement of autoimmune responses in COPD, therapeutic targeting of the immunoproteasome might represent a novel therapeutic concept for COPD.”
	34561290

	Magnetic resonance imaging for epidemiological and clinical settings

	2019
Mueller
	 Automated MR-based lung volume segmentation in population-based whole-body MR imaging: correlation with clinical characteristics, pulmonary function testing and obstructive lung disease
	“Lung volume derived from non-dedicated whole-body MRI is independently associated with RV and FEV1/FVC. Furthermore, its moderate accuracy for obstructive lung disease indicates that it may be a promising tool to assess pulmonary health in whole-body imaging when PFT is not available.”
	30151641

	2021
Von Krüchten
	Subclinical cardiac impairment relates to traditional pulmonary function test parameters and lung volume as derived from whole-body MRI in a population-based cohort study 
	“Subclinical cardiac impairment was associated with reduced FEV1, FVC, and residual volume. Cardiac parameters decreased with increasing MRI-based lung volume contrasting the results of PFT.”
	34373570

	2022
Von Krüchten
	Whole-Body MRI-Derived Adipose Tissue Characterization and Relationship to Pulmonary Function Impairment
	“In the adjusted linear regression model, VAT was inversely associated with all measured spirometric parameters, while PDFFhepatic revealed the strongest association with the Tiffeneau index. Non-invasive adipose tissue quantification measurements might serve as novel biomarkers for respiratory impairment.”
	35314623

	OMICs

	The KORA study was made available for genetic research in 2005.
Since then, it has been used in hundreds of scientific projects with various molecular and disease-related outcomes and is the second most frequently contributing cohort in all genome-wide association studies (GWAS).

	2005
Wichmann
	KORA-gen--resource for population genetics, controls and a broad spectrum of disease phenotypes
	“KORA-gen is a resource for genetic epidemiological research, based on the KORA platform (Cooperative Health Research in the Region of Augsburg). Biosamples and phenotypic characteristics as well as environmental parameters of 18,000 adults from Augsburg and the surrounding counties are available. The age range of the participants was 25 to 74 years of recruitment and is 30 to 90 years in 2005. KORA-gen can be used by external partners. Interested parties can inform themselves interactively via internet about the available data and the rules of access. The genotypic data base is a common resource of all partners.“
	16032514

	GWAS for metabolomics and led to its worldwide first GWAS

	2008
Gieger
	Genetics meets metabolomics: a genome-wide association study of metabolite profiles in human serum 
	“Our results suggest that common genetic polymorphisms induce major differentiations in the metabolic make-up of the human population. This may lead to a novel approach to personalized health care based on a combination of genotyping and metabolic characterization. These genetically determined metabotypes may subscribe the risk for a certain medical phenotype, the response to a given drug treatment, or the reaction to a nutritional intervention or environmental challenge.”
	19043545

	As of 29 August 2018, KORA data was part of 255 GWAS.

	2019
Mills
	A scientometric review of genome-wide association studies 
	“This scientometric review of genome-wide association studies (GWAS) from 2005 to 2018 (3639 studies; 3508 traits) reveals extraordinary increases in sample sizes, rates of discovery and traits studied. A longitudinal examination shows fluctuating ancestral diversity, still predominantly European Ancestry (88% in 2017) with 72% of discoveries from participants recruited from three countries (US, UK, Iceland). US agencies, primarily NIH, fund 85% and women are less often senior authors. We generate a unique GWAS H-Index and reveal a tight social network of prominent authors and frequently used data sets. We conclude with 10 evidence-based policy recommendations for scientists, research bodies, funders, and editors.”
	30623105

	Uric acid - GWAS

	2008
Döring
	SLC2A9 influences uric acid concentrations with pronounced sex-specific effects 
	“Analysis of whole blood RNA expression profiles from a KORA F3 500K subgroup (n = 117) showed a significant association between the SLC2A9 isoform 2 and urate concentrations. The SLC2A9 genotypes also showed significant association with self-reported gout. The proportion of the variance of serum uric acid concentrations explained by genotypes was about 1.2% in men and 6% in women, and the percentage accounted for by expression levels was 3.5% in men and 15% in women.“
	18327256

	2009
Kolz
	Meta-analysis of 28,141 individuals identifies common variants within five new loci that influence uric acid concentrations
	“Taken together, these associations highlight additional pathways that are important in the regulation of serum uric acid levels and point toward novel potential targets for pharmacological intervention to prevent or treat hyperuricemia. In addition, these findings strongly support the hypothesis that transport proteins are key in regulating serum uric acid levels.“
	19503597

	2013
Köttgen
	Genome-wide association analyses identify 18 new loci associated with serum urate concentrations
	“Elevated serum urate concentrations can cause gout, a prevalent and painful inflammatory arthritis. By combining data from >140,000 individuals of European ancestry within the Global Urate Genetics Consortium (GUGC), we identified and replicated 28 genome-wide significant loci in association with serum urate concentrations (18 new regions in or near TRIM46, INHBB, SFMBT1, TMEM171, VEGFA, BAZ1B, PRKAG2, STC1, HNF4G, A1CF, ATXN2, UBE2Q2, IGF1R, NFAT5, MAF, HLF, ACVR1B-ACVRL1 and B3GNT4). Associations for many of the loci were of similar magnitude in individuals of non-European ancestry. We further characterized these loci for associations with gout, transcript expression and the fractional excretion of urate. Network analyses implicate the inhibins-activins signaling pathways and glucose metabolism in systemic urate control. New candidate genes for serum urate concentration highlight the importance of metabolic control of urate production and excretion, which may have implications for the treatment and prevention of gout.”
	

	Clinically relevant hematological parameters, including hemoglobin levels, red and white blood cell counts, and platelet counts and volumes

	2009
Meisinger
	A genome-wide association study identifies three loci associated with mean platelet volume
	“Mean platelet volume (MPV) is increased in myocardial and cerebral infarction and is an independent and strong predictor for postevent morbidity and mortality. We conducted a genome-wide association study (GWAS), the KORA (Kooperative Gesundheitsforschung in der Region Augsburg) F3 500K study, and found MPV to be strongly associated with three common single-nucleotide polymorphisms (SNPs): rs7961894 located within intron 3 of WDR66 on chromosome 12q24.31, rs12485738 upstream of the ARHGEF3 on chromosome 3p13-p21, and rs2138852 located upstream of TAOK1 on chromosome 17q11.2. We replicated all three SNPs in another GWAS from the UK and in two population-based samples from Germany. In a combined analysis including 10,048 subjects, the SNPs had p values of 7.24 x 10(-48) for rs7961894, 3.81 x 10(-27) for rs12485738, and 7.19 x 10(-28) for rs2138852. These three quantitative trait loci together accounted for 4%-5% of the variance in MPV. In-depth sequence analysis of WDR66 in 382 samples from the extremes revealed 20 new variants and a haplotype with three coding SNPs and one SNP at the transcription start site associated with MPV (p = 6.8 x 10(-5)). In addition, expression analysis indicated a direct correlation of WDR66 transcripts and MPV. These findings may not only enhance our understanding of platelet activation and function, but may also provide a focus for several novel research avenues.“
	19110211

	2009
Soranzo
	A novel variant on chromosome 7q22.3 associated with mean platelet volume, counts, and function
	“Mean platelet volume (MPV) and platelet count (PLT) are highly heritable and tightly regulated traits. We performed a genome-wide association study for MPV and identified one SNP, rs342293, as having highly significant and reproducible association with MPV (per-G allele effect 0.016 +/- 0.001 log fL; P < 1.08 x 10(-24)) and PLT (per-G effect -4.55 +/- 0.80 10(9)/L; P < 7.19 x 10(-8)) in 8586 healthy subjects. Whole-genome expression analysis in the 1-MB region showed a significant association with platelet transcript levels for PIK3CG (n = 35; P = .047). The G allele at rs342293 was also associated with decreased binding of annexin V to platelets activated with collagen-related peptide (n = 84; P = .003). The region 7q22.3 identifies the first QTL influencing platelet volume, counts, and function in healthy subjects. Notably, the association signal maps to a chromosome region implicated in myeloid malignancies, indicating this site as an important regulatory site for hematopoiesis. The identification of loci regulating MPV by this and other studies will increase our insight in the processes of megakaryopoiesis and proplatelet formation, and it may aid the identification of genes that are somatically mutated in essential thrombocytosis.“
	19221038

	2009
Soranzo
	A genome-wide meta-analysis identifies 22 loci associated with eight hematological parameters in the HaemGen consortium
	“The number and volume of cells in the blood affect a wide range of disorders including cancer and cardiovascular, metabolic, infectious and immune conditions. We consider here the genetic variation in eight clinically relevant hematological parameters, including hemoglobin levels, red and white blood cell counts and platelet counts and volume. We describe common variants within 22 genetic loci reproducibly associated with these hematological parameters in 13,943 samples from six European population-based studies, including 6 associated with red blood cell parameters, 15 associated with platelet parameters and 1 associated with total white blood cell count. We further identified a long-range haplotype at 12q24 associated with coronary artery disease and myocardial infarction in 9,479 cases and 10,527 controls. We show that this haplotype demonstrates extensive disease pleiotropy, as it contains known risk loci for type 1 diabetes, hypertension and celiac disease and has been spread by a selective sweep specific to European and geographically nearby populations.“
	19820697

	2011
Gieger
	New gene functions in megakaryopoiesis and platelet formation
	“Platelets are the second most abundant cell type in blood and are essential for maintaining haemostasis. Their count and volume are tightly controlled within narrow physiological ranges, but there is only limited understanding of the molecular processes controlling both traits. Here we carried out a high-powered meta-analysis of genome-wide association studies (GWAS) in up to 66,867 individuals of European ancestry, followed by extensive biological and functional assessment. We identified 68 genomic loci reliably associated with platelet count and volume mapping to established and putative novel regulators of megakaryopoiesis and platelet formation. These genes show megakaryocyte-specific gene expression patterns and extensive network connectivity. Using gene silencing in Danio rerio and Drosophila melanogaster, we identified 11 of the genes as novel regulators of blood cell formation. Taken together, our findings advance understanding of novel gene functions controlling fate-determining events during megakaryopoiesis and platelet formation, providing a new example of successful translation of GWAS to function.“
	22139419

	2012
van der Harst
	Seventy-five genetic loci influencing the human red blood cell
	“Anaemia is a chief determinant of global ill health, contributing to cognitive impairment, growth retardation and impaired physical capacity. To understand further the genetic factors influencing red blood cells, we carried out a genome-wide association study of haemoglobin concentration and related parameters in up to 135,367 individuals. Here we identify 75 independent genetic loci associated with one or more red blood cell phenotypes at P < 10(-8), which together explain 4-9% of the phenotypic variance per trait. Using expression quantitative trait loci and bioinformatic strategies, we identify 121 candidate genes enriched in functions relevant to red blood cell biology. The candidate genes are expressed preferentially in red blood cell precursors, and 43 have haematopoietic phenotypes in Mus musculus or Drosophila melanogaster. Through open-chromatin and coding-variant analyses we identify potential causal genetic variants at 41 loci. Our findings provide extensive new insights into genetic mechanisms and biological pathways controlling red blood cell formation and function.“
	23222517

	Different metabolomics technologies

	2010
Illig
	A genome-wide perspective of genetic variation in human metabolism 
	“Serum metabolite concentrations provide a direct readout of biological processes in the human body, and they are associated with disorders such as cardiovascular and metabolic diseases. We present a genome-wide association study (GWAS) of 163 metabolic traits measured in human blood from 1,809 participants from the KORA population, with replication in 422 participants of the TwinsUK cohort. For eight out of nine replicated loci (FADS1, ELOVL2, ACADS, ACADM, ACADL, SPTLC3, ETFDH and SLC16A9), the genetic variant is located in or near genes encoding enzymes or solute carriers whose functions match the associating metabolic traits. In our study, the use of metabolite concentration ratios as proxies for enzymatic reaction rates reduced the variance and yielded robust statistical associations with P values ranging from 3 x 10(-24) to 6.5 x 10(-179). These loci explained 5.6%-36.3% of the observed variance in metabolite concentrations. For several loci, associations with clinically relevant parameters have been reported previously.”
	20037589

	2011
Suhre
	Human metabolic individuality in biomedical and pharmaceutical research 
	“Our associations provide new functional insights for many disease-related associations that have been reported in previous studies, including those for cardiovascular and kidney disorders, type 2 diabetes, cancer, gout, venous thromboembolism and Crohn's disease. The study advances our knowledge of the genetic basis of metabolic individuality in humans and generates many new hypotheses for biomedical and pharmaceutical research.“
	21886157

	2012
Wang-Sattler
	Novel biomarkers for pre-diabetes identified by metabolomics
	“Using metabolite-protein network analysis, we identified seven T2D-related genes that are associated with these three IGT-specific metabolites by multiple interactions with four enzymes. The expression levels of these enzymes correlate with changes in the metabolite concentrations linked to diabetes.”
	23010998

	2012
Krumsiek
	Mining the unknown: a systems approach to metabolite identification combining genetic and metabolic information
	“We demonstrate the benefit of our method for the functional interpretation of previous metabolomics biomarker studies on liver detoxification, hypertension, and insulin resistance. Our approach is generic in nature and can be directly transferred to metabolomics data from different experimental platforms.”
	23093944

	2012
Petersen
	Genetic associations with lipoprotein subfractions provide information on their biological nature
	“In conclusion, NMR-based fine mapping of lipoprotein subfractions provides novel information on their biological nature and strengthens the associations with genetic loci. Future clinical studies are now needed to investigate their biomedical relevance.”
	22156577

	2013
Raffler
	Identification and MS-assisted interpretation of genetically influenced NMR signals in human plasma
	“We report seven loci of genetic association with NMR-derived traits (APOA1, CETP, CPS1, GCKR, FADS1, LIPC, PYROXD2) and characterize these traits biochemically using mass spectrometry. These ratios may now be used in clinical studies.“
	23414815

	2014
Ried
	Novel genetic associations with serum level metabolites identified by phenotype set enrichment analyses
	“Here we applied PSEA on two different panels of serum metabolites together with genome-wide data. All analyses were performed as a two-step identification-validation approach, using data from the population-based KORA cohort and the TwinsUK study. In addition to confirming genes that were already known from mGWAS, we were able to identify and validate 12 new genes. Knowledge about gene function was supported by the enriched metabolite sets. For loci with unknown gene functions, the results suggest a function that is interrelated with the metabolites, and hint at the underlying pathways.“
	24927737

	2014
Shin
	An atlas of genetic influences on human blood metabolites
	“Our findings provide new insights into the role of inherited variation in blood metabolic diversity and identify potential new opportunities for drug development and for understanding disease.“
	24816252

	2015
Raffler
	Genome-Wide Association Study with Targeted and Non-targeted NMR Metabolomics Identifies 15 Novel Loci of Urinary Human Metabolic Individuality
	“In summary, our study more than doubles the number of known loci that influence urinary phenotypes. It thus allows novel insights into the relationship between blood homeostasis and its regulation through excretion. The newly discovered loci also include variants previously linked to chronic kidney disease (CPS1, SLC6A13), pulmonary hypertension (CPS1), and ischemic stroke (XYLB). By establishing connections from gene to disease via metabolic traits our results provide novel hypotheses about molecular mechanisms involved in the etiology of diseases.“
	26352407

	The KORA study contributed to several large genetic meta-analysis consortia. Among others, GIANT that modulates human body size and measures of obesity.

	2015
Locke
	Genetic studies of body mass index yield new insights for obesity biology
	“The 97 loci account for ∼2.7% of BMI variation, and genome-wide estimates suggest that common variation accounts for >20% of BMI variation. Pathway analyses provide strong support for a role of the central nervous system in obesity susceptibility and implicate new genes and pathways, including those related to synaptic function, glutamate signalling, insulin secretion/action, energy metabolism, lipid biology and adipogenesis.“
	25673413

	2022
Yengo
	Genetic studies of body mass index yield new insights for obesity biology 
	“Overall, this study provides a comprehensive map of specific genomic regions that contain the vast majority of common height-associated variants. Although this map is saturated for populations of European ancestry, further research is needed to achieve equivalent saturation in other ancestries.“
	36224396

	The DIAMANTE (DIAbetes Meta-ANalysis of Trans-Ethnic association studies) Consortium that investigates the genetic basis of diabetes

	2022
Mahajan
	Multi-ancestry genetic study of type 2 diabetes highlights the power of diverse populations for discovery and translation 
	“This improved fine-mapping enabled systematic assessment of candidate causal genes and molecular mechanisms through which T2D associations are mediated, laying the foundations for functional investigations. Multi-ancestry genetic risk scores enhanced transferability of T2D prediction across diverse populations. Our study provides a step toward more effective clinical translation of T2D GWAS to improve global health for all, irrespective of genetic background.“
	35551307

	The CARDIoGRAMplusC4D Consortium that identifies risk loci for coronary artery disease and myocardial infarction

	2015
Nikpay
	A comprehensive 1,000 Genomes-based genome-wide association meta-analysis of coronary artery disease
	“We observed intralocus allelic heterogeneity but little evidence of low-frequency variants with larger effects and no evidence of synthetic association. Our analysis provides a comprehensive survey of the fine genetic architecture of CAD, showing that genetic susceptibility to this common disease is largely determined by common SNPs of small effect size.“
	26343387

	The METASTROKE consortium that discovers stroke risk loci.

	2022 
Mishra
	Stroke genetics informs drug discovery and risk prediction across ancestries
	“A polygenic score integrating cross-ancestry and ancestry-specific stroke GWASs with vascular-risk factor GWASs (integrative polygenic scores) strongly predicted ischaemic stroke in populations of European, East Asian and African ancestry5. Stroke genetic risk scores were predictive of ischaemic stroke independent of clinical risk factors in 52,600 clinical-trial participants with cardiometabolic disease. Our results provide insights to inform biology, reveal potential drug targets and derive genetic risk prediction tools across ancestries.“
	36180795

	GLGC, the Global Lipids Genetics Consortium on lipid traits

	2021
Graham
	The power of genetic diversity in genome-wide association studies of lipids
	“We find that increasing diversity rather than studying additional individuals of European ancestry results in substantial improvements in fine-mapping functional variants and portability of polygenic prediction (evaluated in approximately 295,000 individuals from 7 ancestry groupings). Modest gains in the number of discovered loci and ancestry-specific variants were also achieved. As GWAS expand emphasis beyond the identification of genes and fundamental biology towards the use of genetic variants for preventive and precision medicine25, we anticipate that increased diversity of participants will lead to more accurate and equitable26 application of polygenic scores in clinical practice.“
	34887591

	MAGIC (the Meta-Analyses of Glucose and Insulin-related traits Consortium) addressing glycemic traits

	2021
Lagou
	Sex-dimorphic genetic effects and novel loci for fasting glucose and insulin variability
	“Fasting insulin in women shows stronger genetic correlations than in men with waist-to-hip ratio and anorexia nervosa. Furthermore, waist-to-hip ratio is causally related to insulin resistance in women, but not in men. These results position dissection of metabolic and glycemic health sex dimorphism as a steppingstone for understanding differences in genetic effects between women and men in related phenotypes.“
	33402679

	2023
Broadaway
	Loci for insulin processing and secretion provide insight into type 2 diabetes risk
	“Signals were enriched for islet enhancers, and we showed a plausible islet regulatory mechanism for the lead signal in the MADD locus. These results show how detailed genetic studies of an intermediate phenotype can elucidate mechanisms that may predispose one to disease.“
	36693378

	2023
Lagou
	GWAS of random glucose in 476,326 individuals provide insights into diabetes pathophysiology, complications and treatment stratification
	“Functional follow-up and molecular dynamics simulations of lower frequency coding variants in glucagon-like peptide-1 receptor (GLP1R), a type 2 diabetes treatment target, reveal that optimal selection of GLP-1R agonist therapy will benefit from tailored genetic stratification. We also provide evidence from Mendelian randomization that lung function is modulated by blood glucose and that pulmonary dysfunction is a diabetes complication. Our investigation yields new insights into the biology of glucose regulation, diabetes complications and pathways for treatment stratification.“
	37679419

	2023
Williamson
	Genome-wide association study and functional characterization identifies candidate genes for insulin-stimulated glucose uptake 
	“We investigated candidate genes at a subset of associated loci in cultured cells and identified nine candidate genes newly implicated in the expression or trafficking of GLUT4, the key glucose transporter in postprandial glucose uptake in muscle and fat. By focusing on postprandial insulin resistance, we highlighted the mechanisms of action at type 2 diabetes loci that are not adequately captured by studies of fasting glycemic traits.“
	37291194

	The CHARGE consortium (Cohorts for Heart and Aging Research in Genomic Epidemiology)

	2018
Ligthart
	Genome Analyses of >200,000 Individuals Identify 58 Loci for Chronic Inflammation and Highlight Pathways that Link Inflammation and Complex Disorders
	“We identified 66 gene sets that were organized in two substantially correlated clusters, one mainly composed of immune pathways and the other characterized by metabolic pathways in the liver. Mendelian randomization analyses revealed a causal protective effect of CRP on schizophrenia and a risk-increasing effect on bipolar disorder. Our findings provide further insights into the biology of inflammation and could lead to interventions for treating inflammation and its clinical consequences.“
	30388399

	2021
Ahluwalia
	Genome-wide association study of circulating interleukin 6 levels identifies novel loci 
	“Our study identifies novel loci for circulating IL-6 levels uncovering new immunological and inflammatory pathways that may influence IL-6 pathobiology.“
	33517400

	The SpiroMeta consortium that discovers genetic predictors lung disease

	2019
Shrine
	New genetic signals for lung function highlight pathways and chronic obstructive pulmonary disease associations across multiple ancestries 
	“Reduced lung function predicts mortality and is key to the diagnosis of chronic obstructive pulmonary disease (COPD). In a genome-wide association study in 400,102 individuals of European ancestry, we define 279 lung function signals, 139 of which are new. In combination, these variants strongly predict COPD in independent populations. Furthermore, the combined effect of these variants showed generalizability across smokers and never smokers, and across ancestral groups. We highlight biological pathways, known and potential drug targets for COPD and, in phenome-wide association studies, autoimmune-related and other pleiotropic effects of lung function-associated variants. This new genetic evidence has potential to improve future preventive and therapeutic strategies for COPD.“
	30804560

	Polygenic risk score for blood pressure traits

	2024
Keaton
	Genome-wide analysis in over 1 million individuals of European ancestry yields improved polygenic risk scores for blood pressure traits 
	“We compare the 2,103 loci results in non-European ancestries and show significant PRS associations in a large African-American sample. Secondary analyses implicate 500 genes previously unreported for BP. Our study highlights the role of increasingly large genomic studies for precision health research.“
	38689001

	Polygenic risk score for type 2 diabetes

	2023
Duschek
	A polygenic and family risk score are both independently associated with risk of type 2 diabetes in a population-based study
	“The PGS and FamRS were only slightly correlated (r2Spearman = 0.018). The combined contribution of both factors varied with varying age-groups, though, with decreasing influence of the PGS with increasing age. To conclude, both, genetic information and family history are relevant for the prediction of T2D risk and might be used for identification of high risk groups to personalize prevention measures.“
	36959271

	2024
Suzuki
	Genetic drivers of heterogeneity in type 2 diabetes pathophysiology
	“Our findings show the value of integrating multi-ancestry genome-wide association study data with single-cell epigenomics to disentangle the aetiological heterogeneity that drives the development and progression of T2D. This might offer a route to optimize global access to genetically informed diabetes care.“
	38374256

	Polygenic risk score for glomerular filtration rate

	2023
Herold
	Polygenic scores for estimated glomerular filtration rate in a population of general adults and elderly - comparative results from the KORA and AugUR study
	“We concluded that the difference in explained variance by PGS was due to the higher age- and sex-adjusted eGFR variance in the elderly and, for eGFRcrea, also by a lower PGS association beta-estimate. Our results provide little evidence for survival or selection bias.“
	37231333

	Polygenic risk score for lung function and chronic obstructive pulmonary disease

	2023
Shrine
	Multi-ancestry genome-wide association analyses improve resolution of genes and pathways influencing lung function and chronic obstructive pulmonary disease risk 
	“We highlight new putative causal variants, genes, proteins and pathways, including those targeted by existing drugs. These findings bring us closer to understanding the mechanisms underlying lung function and COPD, and should inform functional genomics experiments and potentially future COPD therapies.“
	36914875

	Polygenic risk score for stroke

	2022
Hämmerle
	A Family and a Genome-Wide Polygenic Risk Score Are Independently Associated With Stroke in a Population-Based Study 
	“Our study shows that a family risk score and PGS capture different information concerning individual stroke risk. Combining the risk measures FamRS and PGS increases predictive power, as demonstrated in a population-based study.“
	35387493

	2022
Mishra
	Stroke genetics informs drug discovery and risk prediction across ancestries 
	“A polygenic score integrating cross-ancestry and ancestry-specific stroke GWASs with vascular-risk factor GWASs (integrative polygenic scores) strongly predicted ischaemic stroke in populations of European, East Asian and African ancestry5. Stroke genetic risk scores were predictive of ischaemic stroke independent of clinical risk factors in 52,600 clinical-trial participants with cardiometabolic disease. Our results provide insights to inform biology, reveal potential drug targets and derive genetic risk prediction tools across ancestries.“
	36180795

	Polygenic risk score for myocardial infarction

	2022
Schnitzer
	Association between a polygenic and family risk score on the prevalence and incidence of myocardial infarction in the KORA-F3 study
	“These findings emphasize that both genetic information and family history are relevant for the determination of MI risk and that neither of them can replace the other.“
	35636145

	Polygenic risk score for lipid traits

	2021
Graham
	The power of genetic diversity in genome-wide association studies of lipids 
	“We find that increasing diversity rather than studying additional individuals of European ancestry results in substantial improvements in fine-mapping functional variants and portability of polygenic prediction (evaluated in approximately 295,000 individuals from 7 ancestry groupings). Modest gains in the number of discovered loci and ancestry-specific variants were also achieved. As GWAS expand emphasis beyond the identification of genes and fundamental biology towards the use of genetic variants for preventive and precision medicine, we anticipate that increased diversity of participants will lead to more accurate and equitable application of polygenic scores in clinical practice.“
	34887591

	DNA methylation patterns encompassed up to 850,000 cytosines in KORA participants, revealing modifications influenced by both the underlying genetic sequence.

	2022
Hawe
	Genetic variation influencing DNA methylation provides insights into molecular mechanisms regulating genomic function
	“We use molecular interaction and colocalization analyses to identify multiple nuclear regulatory pathways linking meQTL loci to phenotypic variation, including UBASH3B (body mass index), NFKBIE (rheumatoid arthritis), MGA (blood pressure) and COMMD7 (white cell counts). For rs6511961 , chromatin immunoprecipitation followed by sequencing (ChIP-seq) validates zinc finger protein (ZNF)333 as the likely trans acting effector protein. Finally, we used interaction analyses to identify population- and lineage-specific meQTL, including rs174548 in FADS1, with the strongest effect in CD8+ T cells, thus linking fatty acid metabolism with immune dysregulation and asthma. Our study advances understanding of the potential pathways linking genetic variation to human phenotype.“
	34980917

	DNA methylation and tobacco smoking

	2013
Zeilinger
	Tobacco smoking leads to extensive genome-wide changes in DNA methylation 
	“The results of our study confirm the broad effect of tobacco smoking on the human organism, but also show that quitting tobacco smoking presumably allows regaining the DNA methylation state of never smokers.“
	23691101

	2017
Wilson
	The dynamics of smoking-related disturbed methylation: a two time-point study of methylation change in smokers, non-smokers and former smokers 
	“This study improves the understanding of the dynamic link between cigarette smoking and methylation, revealing the continued fluctuation of methylation levels decades after smoking cessation and demonstrating that continuing smoking can have an array of effects. The results can facilitate insights into the molecular mechanisms behind smoking-induced disturbed methylation, improving the possibility for development of biomarkers of past smoking behavior and increasing the understanding of the molecular path from exposure to disease.“
	29047347

	DNA methylation and alcohol consumption

	2018
Liu
	A DNA methylation biomarker of alcohol consumption
	“In conclusion, we have identified a robust alcohol-related DNA methylation signature and shown the potential utility of DNA methylation as a clinically useful diagnostic test to detect current heavy alcohol consumption.“
	27843151

	2021
Dugué
	Alcohol consumption is associated with widespread changes in blood DNA methylation: Analysis of cross-sectional and longitudinal data 
	“Our study indicates that alcohol intake is associated with widespread changes in DNA methylation across the genome. Longitudinal analyses showed that the methylation status of alcohol-associated CpGs may change with alcohol consumption changes in adulthood.“
	31789449

	DNA methylation and adiposity and metabolic diseases

	2017
Wahl  
	Epigenome-wide association study of body mass index, and the adverse outcomes of adiposity
	“Our results provide new insights into the biologic pathways influenced by adiposity, and may enable development of new strategies for prediction and prevention of type 2 diabetes and other adverse clinical consequences of obesity.“
	28002404

	2022
Fraszczyk
	Epigenome-wide association study of incident type 2 diabetes: a meta-analysis of five prospective European cohort
	“By combining results from five European cohorts, and thus significantly increasing study sample size, we identified 76 CpG sites associated with incident type 2 diabetes. Replication of 64 CpGs in an independent cohort of Indian Asians suggests that the association between DNA methylation levels and incident type 2 diabetes is robust and independent of ethnicity. Our data also indicate that BMI partly explains the association between DNA methylation and incident type 2 diabetes. Further studies are required to elucidate the underlying biological mechanisms and to determine potential causal roles of the differentially methylated CpG sites in type 2 diabetes development.“
	35169870

	2022
Wielscher
	DNA methylation signature of chronic low-grade inflammation and its role in cardio-respiratory diseases 
	“We performed a multi-ethnic Epigenome Wide Association study on 22,774 individuals to describe the DNA methylation signature of chronic low-grade inflammation as measured by C-Reactive protein (CRP). We find 1,511 independent differentially methylated loci associated with CRP. These CpG sites show correlation structures across chromosomes, and are primarily situated in euchromatin, depleted in CpG islands. These genomic loci are predominantly situated in transcription factor binding sites and genomic enhancer regions. Mendelian randomization analysis suggests altered CpG methylation is a consequence of increased blood CRP levels. Mediation analysis reveals obesity and smoking as important underlying driving factors for changed CpG methylation. Finally, we find that an activated CpG signature significantly increases the risk for cardiometabolic diseases and COPD.“
	

	DNA methylation and coronary heart disease

	2018
Aslibekyan
	Association of Methylation Signals With Incident Coronary Heart Disease in an Epigenome-Wide Assessment of Circulating Tumor Necrosis Factor α
	“We identified and replicated novel epigenetic correlates of circulating TNF-α concentration in blood samples and linked these loci to coronary heart disease risk, opening opportunities for validation and therapeutic applications.“
	29617535

	2017
Ward-Caviness
	Improvement of myocardial infarction risk prediction via inflammation-associated metabolite biomarkers.
	“We identified three metabolite biomarkers, which in combination increase the predictive value of the Framingham risk score. The attenuation of the hsCRP-MI association by these three metabolites indicates a potential link to systemic inflammation.”
	28255100

	2018
Ward-Caviness
	Analysis of repeated leukocyte DNA methylation assessments reveals persistent epigenetic alterations after an incident myocardial infarction
	“There are significant changes in DNA methylation after an incident MI. Nine of these CpGs show consistent changes in multiple cohorts, significantly discriminate MI in independent cohorts, and were independent of medication usage. Integration with gene expression and metabolomics data indicates a link between MI-associated epigenetic changes and BCAA metabolism.“
	30587240

	2019
Agha
	Blood Leukocyte DNA Methylation Predicts Risk of Future Myocardial Infarction and Coronary Heart Disease
	“Methylation of blood-derived DNA is associated with risk of future CHD across diverse populations and may serve as an informative tool for gaining further insight on the development of CHD.“
	31424985

	DNA methylation and thyroid and kidney function

	2021
Schlosser
	Meta-analyses identify DNA methylation associated with kidney function and damage 
	“Associations of DNA methylation with kidney function, such as CpGs at JAZF1, PELI1 and CHD2 were validated in kidney tissue. Methylation at PHRF1, LDB2, CSRNP1 and IRF5 indicated causal effects on kidney function. Enrichment analyses revealed pathways related to hemostasis and blood cell migration for estimated glomerular filtration rate, and immune cell activation and response for urinary albumin-to-creatinineratio-associated CpGs.“
	34887417

	2023
Weihs
	Epigenome-Wide Association Study Reveals CpG Sites Associated with Thyroid Function and Regulatory Effects on KLF9
	“We report novel associations between TSH, thyroid hormones, and blood-based DNA methylation. This study advances our understanding of thyroid hormone action particularly related to KLF9 and serves as a proof-of-concept that integrations of EWAS with other -omics data can provide a valuable tool for unraveling thyroid hormone signaling in humans by complementing and feeding classical in vitro and animal studies.“
	36719767

	DNA methylation and lung diseases

	2020 
Breen
	Accelerated epigenetic aging as a risk factor for chronic obstructive pulmonary disease and decreased lung function in two prospective cohort studies 
	“The association between the change in age acceleration between baseline and follow-up and incident COPD replicated in the Normative Aging Study. Associations with spirometric lung function parameters were weaker than those with COPD, but a meta-analysis of both cohorts provide suggestive evidence of associations. Accelerated epigenetic aging, both baseline measures and changes over time, may be a risk factor for COPD and reduced lung function.“
	32747609

	DNA methylation and prediction of the onset of type 2 diabetes

	2023
Cheng
	Development and validation of DNA methylation scores in two European cohorts augment 10-year risk prediction of type 2 diabetes 
	“Type 2 diabetes mellitus (T2D) presents a major health and economic burden that could be alleviated with improved early prediction and intervention. While standard risk factors have shown good predictive performance, we show that the use of blood-based DNA methylation information leads to a significant improvement in the prediction of 10-year T2D incidence risk. Previous studies have been largely constrained by linear assumptions, the use of cytosine-guanine pairs one-at-a-time and binary outcomes. We present a flexible approach (via an R package, MethylPipeR) based on a range of linear and tree-ensemble models that incorporate time-to-event data for prediction. Using the Generation Scotland cohort (training set ncases = 374, ncontrols = 9,461; test set ncases = 252, ncontrols = 4,526) our best-performing model (area under the receiver operating characteristic curve (AUC) = 0.872, area under the precision-recall curve (PRAUC) = 0.302) showed notable improvement in 10-year onset prediction beyond standard risk factors (AUC = 0.839, precision-recall AUC = 0.227). Replication was observed in the German-based KORA study (n = 1,451, ncases = 142, P = 1.6 × 10-5).“
	37117793

	DNA methylation and frailty

	2022
Li
	Derivation and validation of an epigenetic frailty risk score in population-based cohorts of older adults
	“DNA methylation (DNAm) patterns in peripheral blood have been shown to be associated with aging related health outcomes. We perform an epigenome-wide screening to identify CpGs related to frailty, defined by a frailty index (FI), in a large population-based cohort of older adults from Germany, the ESTHER study. Sixty-five CpGs are identified as frailty related methylation loci. Using LASSO regression, 20 CpGs are selected to derive a DNAm based algorithm for predicting frailty, the epigenetic frailty risk score (eFRS). The eFRS exhibits strong associations with frailty at baseline and after up to five-years of follow-up independently of established frailty risk factors. These associations are confirmed in another independent population-based cohort study, the KORA-Age study, conducted in older adults. In conclusion, we identify 65 CpGs as frailty-related loci, of which 20 CpGs are used to calculate the eFRS with predictive performance for frailty over long-term follow-up.“
	36071044

	DNA methylation and all-cause mortality

	2017
Zhang
	DNA methylation signatures in peripheral blood strongly predict all-cause mortality 
	“In conclusion, DNAm of multiple disease-related genes are strongly linked to mortality outcomes. The DNAm-based risk score might be informative for risk assessment and stratification.“
	28303888

	Epigenetic clock predicts all-cause mortality above and beyond chronological age and traditional risk factors

	2016
Chen
	DNA methylation-based measures of biological age: meta-analysis predicting time to death
	“Overall, this study a) strengthens the evidence that epigenetic age predicts all-cause mortality above and beyond chronological age and traditional risk factors, and b) demonstrates that epigenetic age estimates that incorporate information on blood cell counts lead to highly significant associations with all-cause mortality.“
	27690265

	Epigenetic risk score

	2023
Harrer 
	Epigenetic Association Analyses and Risk Prediction of RLS
	„DNA methylation supports the notion of altered neurodevelopment in RLS. Epigenetic risk scores are reliably associated with RLS but require even higher accuracy to be useful as biomarkers.”
	37212434

	Epigenetic risk score  - circulating proteome

	2022
Gadd
	Epigenetic scores for the circulating proteome as tools for disease prediction
	“This work shows how epigenetic scores based on protein levels in the blood could predict a person’s risk of several of these diseases. In the case of type 2 diabetes, the EpiScore results replicated previous research linking protein levels in the blood to future diagnosis of diabetes. Protein EpiScores could therefore allow researchers to identify people with the highest risk of disease, making it possible to intervene early and prevent these people from developing chronic conditions as they age.“
	35023833

	Epigenetic risk score - type 2 diabetes

	2023
Cheng
	Development and validation of DNA methylation scores in two European cohorts augment 10-year risk prediction of type 2 diabetes
	“Using the Generation Scotland cohort (training set ncases = 374, ncontrols = 9,461; test set ncases = 252, ncontrols = 4,526) our best-performing model (area under the receiver operating characteristic curve (AUC) = 0.872, area under the precision-recall curve (PRAUC) = 0.302) showed notable improvement in 10-year onset prediction beyond standard risk factors (AUC = 0.839, precision-recall AUC = 0.227). Replication was observed in the German-based KORA study (n = 1,451, ncases = 142, P = 1.6 × 10-5).“
	37117793

	Identified proteome signatures provided insights into obesity

	2021
Zaghlool
	Revealing the role of the human blood plasma proteome in obesity using genetic drivers.
	“Combined with animal model and tissue-specific gene expression data, our findings suggest potential therapeutic targets further elucidating the role of these proteins in obesity associated pathologies.”
	33627659

	Proteome signatures - metabolic syndrome

	2021
Elhadad
	Metabolic syndrome and the plasma proteome: from association to causation
	“Our findings offer new insights into the plasma proteome underlying MetS and identify new protein associations. We reveal possible casual effects of APOE2, APOB and RET on MetS. Our results highlight protein candidates that could potentially serve as targets for prevention and therapy.“
	34016094

	Proteome signatures - diabetes

	2020
Elhadad
	Deciphering the Plasma Proteome of Type 2 Diabetes 
	“In conclusion, our high-throughput proteomics study replicated previously reported type 2 diabetes-protein associations and identified new candidate proteins possibly involved in the pathogenesis of type 2 diabetes.“
	32928870

	Proteome signatures - renal function

	2021
Matías-García 
	Plasma Proteomics of Renal Function: A Transethnic Meta-Analysis and Mendelian Randomization Study
	“In a discovery-replication setting, we identified 57 proteins transethnically associated with eGFR. The revealed causal relationships are an important stepping stone in establishing testican-2 as a clinically relevant physiological marker of kidney disease progression, and point to additional proteins warranting further investigation.“
	34135082

	The collection of fecal samples showed that microbiome signatures indicated dysregulation of the circadian rhythm in type 2 diabetes.

	2020
Reitmeier
	Arrhythmic Gut Microbiome Signatures Predict Risk of Type 2 Diabetes 
	“This arrhythmic risk signature was able to predict T2D in 699 KORA subjects 5 years after initial sampling, being most effective in combination with BMI. Shotgun metagenomic analysis functionally linked 26 metabolic pathways to the diurnal oscillation of gut bacteria. Thus, a cohort-specific risk pattern of arrhythmic taxa enables classification and prediction of T2D, suggesting a functional link between circadian rhythms and the microbiome in metabolic diseases.“
	32619440

	The signatures were altered in smokers and associated with fine particulate matter.

	2022
Sommer
	A randomization-based causal inference framework for uncovering environmental exposure effects on human gut microbiota
	“These findings demonstrate that our framework may uncover potentially causal links between environmental exposure and the gut microbiome from observational data. We anticipate the present statistical framework to be a good starting point for further discoveries on the role of the gut microbiome in environmental health.“
	35533202

	Furthermore, KORA contributed to the assessment of the link between genetic traits and gut microbiome

	2021
Rühlemann 
	Genome-wide association study in 8,956 German individuals identifies influence of ABO histo-blood groups on gut microbiome 
	“This holistic investigative approach of the host, its genetics and its associated microbial communities as a 'metaorganism' broaden our understanding of disease etiology and emphasize the potential for implementing microbiota in disease treatment and management.“
	33462482

	Investigation of the link between gut microbiome, diet, and fecal bile acids indicating that these interdependencies may be important for further understanding of metabolic disease

	2021
Breuninger
	Associations between habitual diet, metabolic disease, and the gut microbiota using latent Dirichlet allocation
	“The associations between habitual diet, metabolic diseases, and microbial subgroups identified in this analysis not only expand upon current knowledge of diet-microbiota-disease relationships, but also indicate the possibility of certain microbial groups to be modulated by dietary intervention, with the potential of impacting human health. Additionally, LDA appears to be a powerful tool for interpreting latent structures of the human gut microbiota. However, the subgroups and associations observed in this analysis need to be replicated in further studies.“
	33726846

	2022
Breuninger
	Fecal Bile Acids and Neutral Sterols Are Associated with Latent Microbial Subgroups in the Human Gut
	“Three subgroups showed largely positive significant associations with bile acids, and six subgroups showed mostly inverse associations with fecal bile acids. We identified a trend where microbial subgroups that were previously associated with "healthy" factors were here inversely associated with fecal bile acid levels. Conversely, subgroups that were previously associated with "unhealthy" factors were positively associated with fecal bile acid levels. These results indicate that further research is necessary regarding bile acids and microbiota composition, particularly in relation to metabolic health.“
	36144250

	[bookmark: _Toc169529144]Social determinants and health economics

	Health economic research has been a major focus of the KORA study, especially over the last 20 years. The large population-based sample and the detailed assessment of health care utilization in the KORA S4 survey and its follow-ups allowed new insights on cost-of-illness for relevant chronic diseases.

	Diabetes

	2016
Ulrich 
	Cost burden of type 2 diabetes in Germany: results from the population-based KORA studies
	“This study illustrates the substantial direct and indirect societal cost burden of type 2 diabetes in Germany. Strong effort is needed to optimise care to avoid progression of the disease and costly complications.“
	27872118

	Obesity

	2013
Teuner
	Impact of BMI and BMI change on future drug expenditures in adults: results from the MONICA/KORA cohort study
	“The results suggest that obesity as well as BMI-gain are strong predictors of future drug utilisation and associated expenditures in adults, and thus highlight the necessity of timely and effective intervention and prevention programmes. This study complements the existing literature and provides important information on the relevance of obesity as a health problem.“
	24139278

	2016
Yates 
	The Economic Burden of Obesity in Germany: Results from the Population-Based KORA Studies
	“Our results show that overweight and obesity are associated with enormous societal direct and indirect costs in Germany. This supports the evidence from previous top-down studies, but provides important new information based on a large pooled data set and measured BMI.“
	27951530

	COPD

	2012
Menn 
	Direct medical costs of COPD--an excess cost approach based on two population-based studies 
	“The finding that utilization and costs are considerably higher in moderate but not in mild COPD highlights the economic importance of prevention and of interventions aiming at early diagnosis and delayed disease progression.“
	22100535

	KORA contributed to the empirical basis to evaluate the potential role of societal interventions such as a sugar tax.

	2023 Emmert-Fees 
	Projected health and economic impacts of sugar-sweetened beverage taxation in Germany: A cross-validation modelling study
	“In this study, we found that SSB taxation in Germany could help to reduce the national burden of noncommunicable diseases and save a substantial amount of societal costs. A tiered tax designed to incentivize reformulation of SSBs towards less sugar might have a larger population-level health and economic impact than an ad valorem tax that incentivizes consumer behaviour change only through increased prices.“
	37988392

	As a health outcome, generic measures of health-related quality of life (HRQoL) such as SF12 (Short Form 12-Item Health Survey) or EQ5D (EuroQol 5-Dimension Questionnaire), were regularly assessed and analyzed in KORA studies.

	HRQoL in patients who survived a MI was significantly decreased even 10 or more years after the event.

	2009
Schweikert 
	Quality of life several years after myocardial infarction: comparing the MONICA/KORA registry to the general population 
	“MI is combined with significant reduction in HRQL compared with the general population. The main impairments occur in the dimension pain/discomfort, usual activities, and particularly anxiety/depression. The relative impairment decreases with higher ages.“
	19019995

	We also investigated which comorbidities have the greatest impact on HRQoL in older people.

	2011
Hunger 
	Multimorbidity and health-related quality of life in the older population: results from the German KORA-age study
	“There are important interactions between coronary problems, diabetes mellitus, and the history of a stroke that negatively affect HRQL in the older German population. Not only high but also low BMI is associated with impairments in health status.“
	21767362

	KORA studies generated data needed for health economic evaluations

	2021
Laxy
	Utility Decrements Associated With Diabetes and Related Complications: Estimates From a Population-Based Study in Germany
	“Diabetes, cardiovascular, and microvascular conditions are associated with significant health utility decrements. Utility decrements for some conditions differ between people with and without type 2 diabetes. These results are of high relevance for the parametrization of decision analytic simulation models and applied health economic evaluations in the field of prevention and management of type 2 diabetes in Germany.“
	33518034

	A central topic in health services research was to study the effects of the establishment of the German Disease Management Programs (DMPs) for specific chronic diseases. It was shown that in post-MI patients, participation in DMPs increased the likelihood of guideline care and that guideline care is the most important factor for prolonged survival.

	2014
Stark
	Improving care of post-infarct patients: effects of disease management programmes and care according to international guidelines 
	“This study shows that CHD-DMPs increase the likelihood of guideline care, and that guideline care is the important component of CHD-DMPs for increasing survival. A relatively high percentage of usual care patients receiving guideline-care indicate high quality of care of post-MI patients. Reasons for not implementing guideline-care should be investigated.“
	24287605

	KORA identified socio-economic differences in life expectancy 

	2010
Perna
	Socio-economic differences in life expectancy among persons with diabetes mellitus or myocardial infarction: results from the German MONICA/KORA study
	“Differences in life expectancy by socio-economic status in Germany are comparable to those found in other European countries, and they seem to increase when diabetes mellitus or myocardial infarction is present.”
	20233394

	For patients with diabetes, it was found that a high level of self-management was associated with higher life expectancy.

	2014
Laxy
	The association between patient-reported self-management behavior, intermediate clinical outcomes, and mortality in patients with type 2 diabetes: results from the KORA-A study
	“Although measuring SMB is difficult and the used operationalization might be limited, our results give some indication that a high level of SMB is associated with prolonged life expectancy in patients with type 2 diabetes and highlight the potential impact of the patients' active contribution on the long-term trajectory of the disease. We assume that the used proxy for SMB is associated with unmeasured, but important, dimensions of health behavior.“
	24667462

	Behavioral economics research identified time preference and outcome expectancy.

	2018
Karl
	Time preference, outcome expectancy, and self-management in patients with type 2 diabetes
	“Time preference and outcome expectancy are interrelated predictors of patient self-management and could be used to identify and to intervene on patients with a potentially poor self-management.“
	30288034

	The KORA study showed that individual risk attitudes were associated with health care utilization.

	2019 
Lutter
	Are health risk attitude and general risk attitude associated with healthcare utilization, costs and working ability? Results from the German KORA FF4 cohort study
	“Variations in risk attitudes contribute to the heterogeneity of healthcare utilization. The results might help to better understand individual decision-making - especially in case of participation in preventive services.“
	31471778

	KORA

	1993
GSF-Forschungszentrum für Umwelt und Gesundheit Bericht 37/93

	MONICA-Projekt Region Augsburg Herz-Kreislauf-Studie der Weltgesundheitsorganisation (WHO)


	Data – Book
Trends in cardiovascular risk factors from Survey 1984/1985 to Survey 1989/90 

Available on request



	-

	1997
GSF-Forschungszentrum für Umwelt und Gesundheit Bericht 27/97

	MONICA-Projekt Region Augsburg Herz-Kreislauf-Studie der Weltgesundheitsorganisation (WHO)


	Data – Book
Trends in cardiovascular risk factors from Survey 1984/1985 to Survey 1994/95 

Available on request
	-

	2017
Wichmann
	Epidemiology in Germany-general development and personal experience.
	“Did you ever hear about epidemiology in Germany? Starting from an epidemiological desert the discipline has grown remarkably, especially during the last 10-15 years: research institutes have been established, research funding has improved, multiple curriculae in Epidemiology and Public Health are offered. This increase has been quite steep, and now the epidemiological infrastructure is much better. Several medium-sized and even big population cohorts are ongoing, and the number and quality of publications from German epidemiologists has reached a respectable level. My own career in epidemiology started in the field of environmental health. After German reunification I concentrated for many years on environmental problems in East Germany and observed the health benefits after improvement of the situation. Later, I concentrated on population-based cohorts in newborns (GINI/LISA) and adults (KORA, German National Cohort), and on biobanking. This Essay describes the development in Germany after worldwar 2, illustrated by examples of research results and build-up of epidemiological infractructures worth mentioning.“
	28815360

	2017
Bamberg
	Subclinical Disease Burden as Assessed by Whole-Body MRI in Subjects With Prediabetes, Subjects With Diabetes, and Normal Control Subjects From the General Population: The KORA-MRI Study 
	“Among 400 subjects who underwent MRI, 103 subjects had prediabetes and 54 had established diabetes. Subjects with prediabetes had an increased risk for carotid plaque and adverse functional cardiac parameters, including reduced early diastolic filling rates as well as a higher prevalence of LGE compared with healthy control subjects. In addition, people with prediabetes had significantly elevated levels of PDFF and total and visceral fat. Thus, subjects with prediabetes show early signs of subclinical disease that include vascular, cardiac, and metabolic changes, as measured by whole-body MRI after adjusting for cardiometabolic risk factors. “
	27999110

	2024
Rückert-Eheberg
	Public attitudes towards personal health data sharing in long-term epidemiological research: a Citizen Science approach in the KORA study
	“The findings shed light on cohort management and long-term engagement with study participants. A long-term health study needs to benefit public and individual health; the institution needs to be trustworthy; and the results and their impact need to be disseminated in widely understandable terms and by the right means of communication back to the participants.“
	39187842
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