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eAppendix. Methods 
 
Baseline Examination Procedure 
Blood pressure was measured using a mercury-column sphygmomanometer after 10 minutes of rest in the supine 
position. Body weight, height, and waist circumference were measured. Body mass index (BMI) was defined as 
the weight in kilograms divided by the square of the height in meters. Data on smoking, cancer heredity, current 
use of antihypertensive medication, anti-diabetic medication, educational level and, in women, current use of 
hormone replacement therapy as well as ever use of oral contraceptives (never/ever), age at menarche and 
number of children was ascertained from a questionnaire.1 Heredity for cancer was defined as having at least one 
first degree relative diagnosed with cancer. Educational level was divided into three categories: a maximum of 9 
years of education, 9-12 years of education and completed university degree. Menopausal status was assessed 
with the help of the questionnaire and medical records as described previously.2 Current smoking was defined as 
any cigarette smoking within the past year. Diabetes mellitus was defined as having a fasting whole blood 
glucose of ≥6.1 mmol/L (corresponding to a fasting plasma glucose of ≥7.0 mmol/L), a self-reported physician 
diagnosis of diabetes or use of antidiabetic medications. Analyses of fasting high-density lipoprotein (HDL), 
low-density lipoprotein (LDL), triglycerides, whole blood glucose and insulin were carried out at the time of 
baseline examination at the Department of Clinical Chemistry, Skane University Hospital in Malmö, which is 
attached to a national standardization and quality control system. P-NT was measured in stored fasting plasma 
specimens that were frozen to -80ºC immediately at the MDC-CC baseline exam using a chemiluminometric 
sandwich immunoassay to detect a pro-NT precursor fragment (pro-NT 1–117).3 Assay description:  
Materials: If not stated otherwise, chemicals were obtained at p.a. grade from Merck (Darmstadt, Germany). 
Peptides ProNT 1-19 (SDSEEEMKALEADFLTNMH) and ProNT 44-62 (NLNSPAEETGEVHEEELVA) were 
supplied by JPT Peptide Technologies GmbH (Berlin, Germany). The peptides were synthesized with an 
additional N-terminal Cystein residue for conjugation. Recombinant ProNT 1-117 
(SDSEEEMKALEADFLTNMHTSKISKAHVPSWKMTLLNVCSLVNNLNSPAEETGEVHEEELVARRKLPT
ALDGFSLEAMLTIYQ LHKICHSRAFQHWELIQEDILDTG NDKNGKEEVI) was  obtained from ICI 
Diagnostics (Berlin, Germany). Mouse monoclonal antibodies against ProNT 1-19 and ProNT 44-62 were 
developed by  UNICUS  (Karlsburg, Germany). The anti ProNT 44-62 antibody was used as solid phase 
antibody. Coating was done for 20h on polystyrene tubes (Greiner, Frickenhausen, Germany) (1.5µg antibody/ 
tube) in 0,3ml of coating buffer (20mM sodium phosphate buffer, pH 7,8, 50mM NaCl). The tubes were blocked 
with 5g/L BSA and vacuum dried. The anti ProNT 1-19 antibody was labeled with acridiniumester-N-hydroxy-
succinimid (InVent Diagnostica, Hennigsdorf, Germany). 200µg antibody (200µl, 0,2M sodium phosphate 
buffer, pH 8.0) was incubated for 10 min at room temperature with 5 µl of acridiniumester (1g/l in acetonitrile). 
Labeled antibody was purified by HPLC using a BioSil SEC 400-5 column from BioRad (Munich, Germany).  
HPLC solvent was 50mM Tris/HCl buffer, 250mM NaCl, pH 7.2 , the flow rate was 0,8 ml/min. Fifty µl of 
sample (or calibrator) was pipetted into coated tubes.  After adding labeled antibody (20ng antibody in 200µl 
50mM PBS, 10mM EDTA,  pH 7,2 ), the tubes were incubated for 16-22 h at 18-25 °C. Unbound tracer was 
removed by washing 5 times (each 1 ml) with washing solution (20 mM PBS, pH 7.4, 0.1 % Triton X-100). 
Tube-bound labeled antibody was measured with an AutoLumat LB 953 Luminometer (Berthold Technologies, 
Wildbad, Germany).  
For calibration, recombinant ProNT 1-117 was diluted in sheep serum  (Sigma-Aldrich, Germany, Munich). The 
calibration was adjusted using the ProNeurotensin Control Solutions from ICI-Diagnostics (Berlin, Germany).  
The analytical assay sensitivity (mean relative light units of 10 determinations sheep serum plus 2 S.D.) was 
4,8pmol ProNT/L. The inter assay (10 assay runs) CV was 6,2% at  48pmol ProNT/ L and 4,1% at 191pmol/L. 
Recovery and dilution was > 85% in a  measurement range of 25-850pmol/L”. 

Participants of the Malmö Diet and Cancer Cardiovascular Cohort (MDC-CC) (n=6103) who had plasma for 
measurement of P-NT (n=4632) were slightly older compared to those who lacked plasma for measurement of P-
NT (n=1471) (58±6.0 vs 57±5.7 years; P<.001) but there were no differences between these two groups in terms 
of proportion of females (58% vs 59%; P=.369), smoking status (26% vs 27%; P=.608), hypertension (44% vs 
42%; P=.246), diabetes mellitus (9% vs 8%; P=.129), body mass index (26±3.9 vs 26±4.1 kg/m2; P=.705), HDL 
(1.4±0.4 vs 1.4±0.4 mmol/L; P=.346), LDL (4.2±1.0 vs 4.2±1.0 mmol/L; P=.835) or triglycerides (1.4±0.8 vs 
1.4±0.7 mmol/L). 
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eAppendix. (continued) 
 
Retrieval of endpoints 
Incident diabetes mellitus 
The retrieval of cases of incident diabetes has been described previously.4 Briefly, new-onset diabetes diagnosed 
after the baseline examination was assessed in participants free from diabetes at baseline by three registers; the 
Malmö HbA1c register (MHR), the nationwide Swedish National Diabetes Register (NDR)5 and the regional 
Diabetes 2000 register of the Scania region of which Malmö is the largest city.6 NDR and Diabetes 2000 
registers required a physician diagnosis according to established diagnostic criteria (fasting plasma glucose 
concentration of ≥7.0 mmol/L, which corresponds to fasting whole blood glucose concentration of ≥6.1 mmol/L, 
measured on two different occasions). The MHR at the Department of Clinical Chemistry, Malmö University 
Hospital, analysed and catalogued all HbA1c samples taken in institutional and non-institutional care in the 
greater Malmö area from 1988 onwards. Individuals who had at least two HbA1c recordings ≥6.0% in the MHR 
using the Swedish Mono-S standardization system (corresponding to 7.0% according to the US National 
Glycohemoglobin Standardization Program [NGSP]), after the MDC-CC baseline examination, were defined as 
incident diabetes cases. Furthermore, participants who were registered in the NDR or Diabetes 2000 register 
after the MDC-CC baseline examination were defined as incident diabetes cases.  
 
Incident cardiovascular disease and mortality  
We examined a composite endpoint of coronary events and stroke (incident cardiovascular disease). The 
procedure for ascertaining these endpoints has been detailed previously.7,8 Cardiovascular events were defined as 
coronary events or fatal or non-fatal stroke, whichever came first. Coronary events were defined as fatal or non-
fatal myocardial infarction or death due to ischemic heart disease.  Events were identified through record linkage 
of the 10-digit personal identification number of each Swedish citizen with three registries: the Swedish National 
Hospital Discharge Register (SNHDR), the Swedish National Cause of Death Register (SNCDR) and the Stroke 
in Malmö register.9,10 Myocardial infarction was defined as per the International Classification of Diseases 9th 
and 10th Revisions (ICD9 and ICD10) codes 410 and I21, respectively. Death due to ischemic heart disease was 
defined on the basis of codes 412 and 414 (ICD9) or I22-I23 and I25 (ICD10).  Fatal and non-fatal stroke was 
defined using codes 430, 431, 434 and 436 (ICD9) and I60, I61, I63, and I64 (ICD10).  Classification of 
outcomes using these registries has been previously validated.9,10  
Information of all-cause and cause-specific mortality was retrieved from the SNCDR. Mortality was classified as 
attributable to cardiovascular causes when the main International Classification of Diseases (ICD) code was 
390–459 (ICD 9) or I00-I99 (ICD 10) on the cause of death certificate.  
 
Breast cancer 
Breast cancer events were retrieved by record linkage with the Swedish Cancer Registry (SCR) using the unique 
10-digit personal identification number. We included cancer in situ of the breast in our definition. Approximately 
99% of all tumors diagnosed at Swedish Hospitals are registered in the SCR and 98% are morphologically 
verified.11,12 Tumor site was registered according to ICD-7 and the ICD version used at diagnosis.  
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eTable 1. Clinical Characteristics of the Nondiabetic Study Population in Analyses of 
Incident Diabetes 

 Women (n=2220) Men   (n=1484) 

Age (years) 57.4 ± 5.9 57.6 ± 6.0 

Systolic blood pressure (mmHg) 140 ± 19 143 ± 19 

Diastolic blood pressure (mmHg) 85.5 ± 9.0 88.5 ± 9.8 

Antihypertensive therapy, n (%) 316 (14.2) 234 (15.8) 

Diabetes Mellitus, n (%) n.a. n.a. 

Fasting blood glucose (mM) 4.8 ± 0.43 5.0 ± 0.43 

Fasting insulin concentration (mU/L) 6.0 (4.0-8.0) 7.0 (5.0-9.0) 

Body Mass Index (kg/m2) 25.2 ± 4.0 25.9 ± 3.3 

Waist circumference (cm) 76.0 ± 9.5 92.1 ± 9.4 

LDL cholesterol (mM) 4.2 ± 1.0 4.1 ± 0.88 

HDL cholesterol (mM) 1.5 ± 0.37 1.2 ± 0.29 

Triglycerides (mM) 1.2 ± 0.55 1.4 ± 0.63 

Current smokers (%), n 579 (26.1) 393 (26.5) 

Prevalent cardiovascular disease, n (%) 20 (0.9) 60 (4.0) 

P-NT (pmol/L) quartile 1  61.9 (5.1-78.2) 58.0 (3.3-71.2) 

P-NT (pmol/L) quartile 2 91.9 (78.3-108) 85.6 (71.2-98.7) 

P-NT (pmol/L) quartile 3 124 (108-149) 117 (98.8-143) 

P-NT (pmol/L) quartile 4 195 (149-1155) 183 (143-1057) 

P-NT = fasting plasma concentration of pro-neurotensin; n.a.=not applicable 
Data are given as means ± standard deviation for normally distributed variables, as median and 
interquartile range for fasting insulin concentration and as medians, minimum and maximum values for 
quartiles of P-NT. Categorical data are presented as numbers (percentages).  
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eTable 2. Clinical Characteristics of the Study Population in Analyses of Incident 
Breast Cancer 

 Women (n=1929) 

Age (years) 57.6 ± 5.9 

Systolic blood pressure (mmHg) 141 ± 19 

Diastolic blood pressure (mmHg) 85.6 ± 9.0 

Antihypertensive therapy, n (%) 322 (16.7) 

Diabetes Mellitus, n (%) 125 (6.5) 

Fasting blood glucose (mM) 5.0 ± 1.2 

Fasting insulin concentration (mU/L) 6.0 (4.0-9.0) 

Body Mass Index (kg/m2) 25.5 ± 4.2 

Waist circumference (cm) 76.9 ± 10.1 

LDL cholesterol (mM) 4.2 ± 1.0 

HDL cholesterol (mM) 1.5 ± 0.37 

Triglycerides (mM) 1.2 ± 0.58 

Current smokers, n (%) 485 (25.1) 

Prevalent cardiovascular disease, n (%) 17 (0.9) 

Heredity for cancer, n (%) 853 (44.2) 

Hormone replacement therapy, n (%) 391 (20.3) 

Ever use of oral contraceptives, n (%) 850 (44.1) 

Educational level, n (%)a 1439 (74.6) / 141 (7.3) / 349 (18.1) 

Menopausal status, n (%)b 346 (17.9) / 145 (7.5) / 1438 (74.5) 

Age at menarche (years) 13.6 ± 1.5 

Number of children 1.8 ± 1.2 

Data are given as means ± standard deviation for normally distributed variables, as median and 
interquartile range for fasting insulin concentration. Categorical data are presented as numbers 
(percentages).  
aGiven as percentage of participants with a maximum of 9 years of education / 9-12 years of education 
/ completed university degree 
bGiven as percentage of participants who at the time of the baseline examination were premenopausal 
/ perimenopausal / postmenopausal 
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eTable 3. Cross-sectional Correlations Between LN-Transformed Fasting Plasma 
Concentration of P-NT and Cardiometabolic Risk Factors in Women and Men 

 WOMEN (n=2559) MEN (n=1802) 

age r=-0.01; P=.62 r=-0.04; P=.09 

Systolic blood pressure r=-0.01; P=.52 r=-0.03; P=.26 

Diastolic blood pressure r=0.01; P=.62 r=0.00; P=.90 

waist circumference r=0.02; P=.26 r=0.04; P=.07 

body mass index r=0.02; P=.23 r=0.05; P=.03 

fasting glucose r=0.08; P<.001 r=0.07; P=.002 

fasting insulina r=0.11; P<.001 r=0.14; P<.001 

fasting triglycerides r=0.00; P=.94 r=0.03; P=.18 

fasting HDL r=0.02; P=.26 r=0.00; P=.84 

fasting LDL r=0.02; P=.43 r=-0.05; P=.02 

P-NT=pro-neurotensin; r=Pearson correlation coefficient;  
afasting insulin concentration was LN-transformed. 
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