
 

 
advances.sciencemag.org/cgi/content/full/7/29/eabi4822/DC1 

 
Supplementary Materials for 

 
Systematic evaluation of the association between hemoglobin levels and metabolic 

profile implicates beneficial effects of hypoxia 
 

Juha Auvinen, Joona Tapio, Ville Karhunen, Johannes Kettunen, Raisa Serpi, Elitsa Y. Dimova, Dipender Gill,  
Pasi Soininen, Tuija Tammelin, Juha Mykkänen, Katri Puukka, Mika Kähönen, Emma Raitoharju, Terho Lehtimäki,  

Mika Ala-Korpela, Olli T. Raitakari, Sirkka Keinänen-Kiukaanniemi, Marjo-Riitta Järvelin*, Peppi Koivunen* 

 
*Corresponding author. Email: peppi.koivunen@oulu.fi (P.K.); m.jarvelin@imperial.ac.uk (M.-R.J.) 

 
Published 14 July 2021, Sci. Adv. 7, eabi4822 (2021) 

DOI: 10.1126/sciadv.abi4822 
 

This PDF file includes: 
 

Supplementary Text 
Tables S1 to S12 
Figs. S1 to S9 
References 



 

 

Supplementary Text 

Supplementary Materials and Methods 

 

Human cohorts 

The NFBC1966 originally included 12 068 mothers who gave birth to 12 231 live born children 

(96.3% of all estimated births in the two northernmost provinces of Finland, Oulu and Lapland, 

during the year 1966) (11, 12). The data collection started in 1965 when the mothers were pregnant 

and so far, data has been collected at 1, 14, 31 and 46-years. The YFS includes 4320 boys and girls 

in six age cohorts (age 3, 6, 9, 12, 15 and 18-years), which were randomly chosen from the national 

register. The first survey was conducted in 1980 and after that, several follow-up studies of this 

cohort have been conducted (13). 

 

Blood analyses 

Blood samples of NFBC1966 were taken after an overnight fasting period and centrifuged 

immediately. Before analysing, the samples of 31-years were first stored at −20 °C and later at 

−80 °C, whereas samples of 46-years were analysed immediately without storing. NFBC1966 

blood samples were analysed in NordLab Oulu (former name Oulu University Hospital, 

Laboratory), a testing laboratory (T113) accredited by Finnish Accreditation Service (FINAS) (EN 

ISO 15189). For YFS blood analyses, see (13). 

 

Blood Hb level and red blood cell parameters 

Blood Hb and red cell parameters of NFBC1966 were determined using a Coulter STKR analyser 

(Beckman Coulter, Fullerton, CA, USA) at age 31-years and a Sysmex XE-2100 analyser (Sysmex 

Corporation, Kobe, Japan) at age 46-year. The whole blood Hb levels of NFBC1966 were 

determined using spectrophotometric methods, red blood cells (Eryt) were measured using electric 

resistance detecting methods (impedance technology) with hydrodynamic focusing. At age 31-

years hematocrit (Hct) was measured by the sum of Eryt counted in a specified volume of diluted 

blood and at age 46-years Hct were determined applying the Eryt pulse-height detection. 

 

Serum lipids  

Serum cholesterol (total, HDL and LDL) and triglycerides of NFBC1966 were determined using 

a Hitachi 911 automatic analyser and commercial reagents (Roche, Boehringer Mannheim, 

Germany) at 31-years (47, 48) and an enzymatic assay method (Advia 1800; Siemens Healthcare 

Diagnostics Inc., Tarrytown, NY, USA) at 46-years.  

 

High sensitivity C-reactive protein (hsCRP) 

HsCRP in NFBC1966 was analysed by an immunoenzymometric assay (Medix Biochemica, 

Espoo, Finland) at 31-years and by an immunonefelometric assay at 46-years (BN ProSpec, 

Siemens Healthcare Diagnostics Inc., Newark, DE, USA). 

 

Glucose and insulin levels and fasting indices 

At age 31-years fasting plasma glucose and serum insulin levels of NFBC1966 were determined 

by glucose dehydrogenase method (Granutest 250, Diagnostica Merck, Darmstadt, Germany) and 

by radioimmunoassay (Pharmacia Diagnostics, Uppsala, Sweden), respectively. At 46-years 

fasting plasma glucose and serum insulin levels of NFBC1966 were analysed by an enzymatic 

dehydrogenase method (Advia 1800, Siemens Healthcare Diagnostics, Tarrytown, NY, USA) and 



 

 

by a chemiluminometric immunoassay (Advia Centaur XP, Siemens Healthcare Diagnostics, 

Tarrytown, NY, USA), respectively. To evaluate the insulin resistance and -cell function we 

calculated fasting indices HOMA-IR (fasting plasma glucose x fasting serum insulin / 22.5) and 

HOMA-β ((20 x fasting serum insulin) / (fasting plasma glucose – 3.5) x 100).  

 

Oral glucose tolerance test (OGTT) and diabetes 

A two hour OGTT was performed after overnight (12 h) fasting period for NFBC1966 at 46-years 

(n = 4446). Medication for diabetes or just before test measured capillary blood glucose level >8.0 

mmol/l were used as exclusion criteria. Both serum insulin and plasma glucose were measured at 

baseline and 30, 60 and 120 min after 75 g glucose intake. OGTT glucose and insulin values were 

used to calculate insulin and glucose area under curve (AUC) (glucose-AUC and insulin-AUC), 

Matsuda index for insulin sensitivity (10 000 x ((fasting plasma glucose x fasting serum insulin) x 

(fasting plasma glucose + 30 min plasma glucose + 60 min plasma glucose + 120 min plasma 

glucose) / 4) x ((fasting serum insulin + 30 min serum insulin + 60 min serum insulin + 120 min 

serum insulin) / 4))) (49). 

 

Serum metabolomics 

Metabolic measures were obtained using the same high-throughput serum NMR metabolomics 

platform in the same analysis laboratory as described previously (31). This 

methodology provides information on 228 serum measures, including lipoprotein subclass 

distribution and lipoprotein particle concentration, low molecular weight metabolites, such as 

amino acids, 3-hydroxybutyrate and creatinine, and detailed molecular information on serum 

lipids. The metabolite data provided by this platform has been utilized in various studies 

in epidemiology and genetics that have been recently reviewed (50). The method provides 

metabolic measures in concentration units facilitating interpretation and replication of findings. In 

this study, we excluded all lipid ratio measures provided by the platform and used 150 metabolites 

for our analyses. 

 

Anthropometric measurements 

Body weight, height and waist and hip circumferences of NFBC1966 participants were measured 

at 31 and 46-years. Body weight was measured with digital scale, which was calibrated regularly. 

Height was measured twice (mean of the two measurements was used) by using standard and 

calibrated stadiometer. Finally, body mass index (BMI) was calculated as the ratio of weight and 

height squared. Waist and hip circumferences were measured twice and mean of the two 

measurements was used. The waist-hip ratio was assessed as the ratio between circumferences of 

the waist (at the level midway between lowest rib margin and the iliac crest) and the hip (at the 

widest trochanters). In addition, body fat mass, fat percentage, muscle mass and visceral fat area 

of NFBC1966 participants at 46-years were measured by InBody 720 bioelectrical impedance 

analyser (Biospace Co., Ltd., Seoul, Korea). All anthropometric measurements were done after 

overnight (12 h) fasting period. For YFS, see (13). 

 

Brachial blood pressure measurement 

In NFBC1966 brachial systolic and diastolic blood pressure was measured two times at 31-years 

and three times at 46-years with 1 min interval after 15 min of rest on the right arm of the seated 

participants using an automated oscillometric blood pressure device and appropriately sized cuff 

(Mercury sphygmomanometer at 31-years and Omron Digital Automatic Blood Pressure Monitor 



 

 

Model M10-IT at 46-years). Finally, the mean of two lowest systolic values and their diastolic 

values was used in the analyses. 

 

Confounders and exclusions 

Smoking and physical activity were used as confounders. NFBC1966 participants reported their 

smoking habits at 31- and 46-years. Accordingly, the participants we categorised as never, former 

and current smokers at both time points. For physical activity, we created a categorical variable 

based on a question regarding the amount of keep-fit exercise in leisure time.  For variable 

definitions for smoking and physical activity in YFS, see (13). Individuals using combined oral 

contraceptives, hormone replacement therapy or serum lipids lowering drugs were omitted from 

the metabolomics analyses, as these have been shown to greatly influence these measures. 

 

Statistical analyses 

Oxygen consumption analyses - Regression models of the effects of Hb levels on oxygen 

consumption at rest divided by height (VO2rest/h), VO2rest/h on body fat percentage and Hb levels 

on body fat percentage were conducted for a subset of NFBC1966 participants at 31-years who 

underwent a maximal exercise test with direct measurement of oxygen consumption (M901, 

ergospirometer, Medikro, Finland) (51). These analyses included sex as an additional explanatory 

variable. 

Gene Set Enrichment Analysis (GSEA) - To examine the hypothesized activation of hypoxia 

response pathway, a GSEA (33) was conducted for a subset of YFS participants at 34-49 years 

with Hb levels and whole-blood genome-wide expression profiling data (n = 1636) (34). The tested 

hypoxia response pathway included 22 genes induced at least four-fold by hypoxia in human 

monocytes (Supplementary Table 10) (52). The GSEA was performed between YFS participants 

in the lowest (Hb <132, n = 392) and the highest (Hb > 152, n = 371) quartile of Hb distribution. 

The analysis was adjusted for age, sex, BMI, YFS study center, leukocyte and thrombocyte counts, 

five first principal components of transcriptomics data and three technical variables from 

microarray hybridizations (chip, plate and well). The analysis was done with residual gene 

expression profiles calculated by linear regression of each gene expression probe and above 

mentioned variables. A nominal P value < 0.05 was considered significant.  

NMR metabolomics - In total, 150 metabolites from the NMR metabolomics panel were analyzed 

(Supplementary Table 9). Of these, 144 were measured in concentrations, and cube-root 

transformation was applied to these variables (53). The rest of the variables were left 

untransformed, except the degree of unsaturation, which had a notably skewed distribution and 

thus log-transformed to ensure homoscedasticity in model residuals. The users of combined oral 

contraceptives, hormone replacement therapy and lipid lowering drugs (total n = 957) were omitted 

because their influence on these measures (54, 55). The analyses were conducted first separately 

in the NFBC1966 (at 46-years) and YFS datasets, and then meta-analyzed using inverse-variance 

weighted random-effects models. BMI was included as an additional explanatory variable. 

 

Longitudinal models in NFBC1966 

Extended linear models using generalized least squares were used to examine the longitudinal 

change in association between Hb levels and the outcomes available at two time points in the 

NFBC1966. Time of measurement (31-years or 46-years) was included in the model as a 

categorical variable, and interaction terms with time and all other variables (excluding sex and 

height where applicable) were included in the model to allow varying effects between cross-



 

 

sectional measurements. The error terms were allowed to be correlated within each individual and 

heteroskedastic between the time points. These analyses were conducted using the gls() function 

available in the nlme package (56). Due to the different methods used to measure hsCRP at 31 and 

46 years, an inverse normal rank transformation was applied to set the values on a comparable 

scale. As the glucose concentrations at the NFBC1966 31-year follow-up were measured from 

whole blood these values were transformed to corresponding concentrations in plasma (57) for 

compatibility with the data at 46-year follow-up. 

 

Cross-sectional and longitudinal analysis of Hb levels on metabolites 

To analyse both cross-sectional and longitudinal effects of Hb levels on the metabolites, Hb levels 

were decomposed to mean Hb (𝐻𝑏𝑗
̅̅ ̅̅ ̅) for each individual 𝑗 and variation of Hb from the individual 

mean (𝐻𝑏𝑗𝑘 − 𝐻𝑏𝑗
̅̅ ̅̅ ̅) for each individual 𝑗 at time point 𝑘 (1 = 31-years, 2 = 46-years). The 

following model was fit for each metabolite separately: 

 

𝑚𝑒𝑡𝑎𝑏𝑜𝑙𝑖𝑡𝑒𝑗𝑘 = 𝛽0 + 𝛽𝐶𝐻𝑏𝑗
̅̅ ̅̅ ̅ + 𝛽𝐿(𝐻𝑏𝑗𝑘 − 𝐻𝑏𝑗

̅̅ ̅̅ ̅) + 𝛽𝑇𝑇𝑖𝑚𝑒𝑘 + 𝛽𝑆𝑆𝑒𝑥𝑗 + 𝛽𝑍𝑍𝑗𝑘 +

𝛽𝑇𝑍𝑇𝑖𝑚𝑒𝑘𝑍𝑗𝑘 +  𝜖𝑗𝑘. This model allows simultaneous estimation of the cross-sectional (between-

subject) effect 𝛽𝐶 and the longitudinal (within-subject) effect 𝛽𝐿(18) while controlling for 

potentially time-varying covariates 𝑍𝑗𝑘, in this case BMI, smoking and physical activity. The error 

terms 𝜖𝑗𝑘 were allowed to be correlated within each individual and heteroskedastic between the 

time points. These analyses were conducted using the gls() function available in the nlme package 

(58). 

  



 

 

Table S1. Characteristics of the NFBC1966 and YFS study populations. The numbers indicate mean (SD) for continuous variables used non-

transformed in the analysis, median (interquartile range) continuous variables that were log-transformed prior to analysis, and number of observations 

(percentage) for categorical variables. NA = not available. 

  NFBC1966 at age of 46 YFS  NFBC1966 at age of 31 

Variable Units 

Males 

(N = 2315) 

Females 

(N = 3036) 

Males 

(N = 811) 

Females 

(N = 1013) 

Males 

(N = 1551) 

Females 

(N = 2073) 

Age years 46.7 (0.6) 46.7 (0.6) 41.8 (5.1) 41.9 (5.0)   

Hb g/l 151.2 (9.1) 133.2 (10.6) 151.7 (9.2) 133.1 (9.7) 151.7 (8.7) 132.2 (9.2) 

Hct % 44.3 (2.4) 39.9 (2.7) 44.6 (2.5) 39.9 (2.6) NA NA 

Eryt E12/l 4.95 (0.33) 4.46 (0.32) 4.97 (0.33) 4.43 (0.31) NA NA 

BMI kg/m2 26.6 (24.4 - 29.3) 25.3 (22.8 - 29.0) 26.2 (24.0 - 29.2) 25.0 (22.2 - 28.7) 24.9 (22.9 - 26.8) 23.0 (21.1 - 25.7) 

Waist circumference cm 97.3 (11.7) 87.1 (13.0) 96.7 (12.7) 87.5 (13.8) 88.5 (9.3) 78.4 (11.5) 

Hip circumference cm 99.3 (7.8) 100.4 (11.0) 101.2 (7.7) 102.0 (10.0) 97.3 (6.3) 97.0 (8.5) 

Height cm 178.6 (6.2) 164.9 (6.0) 179.9 (6.5) 166.1 (6.0) 178.6 (6.2) 164.9 (6.1) 

Weight kg 87.0 (14.8) 71.9 (14.9) 87.3 (15.8) 71.9 (15.0) 80.0 (11.9) 65.1 (12.7) 

Waist-hip ratio  0.98 (0.06) 0.86 (0.06) 0.95 (0.07) 0.85 (0.07) 0.91 (0.06) 0.81 (0.08) 

Body fat percentage % 23.3 (7.1) 33.1 (8.3) NA NA NA NA 

Body muscle mass ratio % 43.4 (4.1) 36.6 (4.5) NA NA NA NA 

Visceral fat area cm2 99.5 (39) 108.5 (42.6) NA NA NA NA 

Fasting insulin mU/l 8.8 (5.7 - 12.8) 7.3 (5.0 - 10.9) 7.7 (4.8 - 12.1) 6.9 (4.1 - 10.9) 7.7 (6.3 - 9.6) 7.3 (6.0 - 9.1) 

Fasting glucose mmol/l 5.7 (0.8) 5.3 (0.6) 5.6 (0.8) 5.2 (1.0) 5.6 (0.7) 5.3 (0.6) 

HOMA-IR  1.2 (0.8 - 1.7) 1.0 (0.7 - 1.4) 1.9 (1.1 - 3.1) 1.6 (0.9 - 2.6) 1.0 (0.8 - 1.3) 0.9 (0.8 - 1.2) 

HOMA-B % 82.5 (64.8 - 103.2) 83.4 (67.1 - 104.3) NA NA 91.9 (78.7 - 107.7) 97.8 (84.5 - 114.3) 

Triglycerides mmol/l 1.25 (0.90 - 1.75) 0.92 (0.72 - 1.25) 1.26 (0.95 - 1.87) 0.95 (0.75 - 1.26) 1.08 (0.79 - 1.54) 0.89 (0.67 - 1.25) 

AUC of glucose in OGTT  mmol*h/l 7.1 (6.2 - 8.2) 6.3 (5.6 - 7.4) NA NA NA NA 

AUC of insulin in OGTT mU*h/l 56.4 (38.4 - 91.9) 48.0 (35.1 - 74.4) NA NA NA NA 

2-hour glucose mmol/l 6.0 (1.8) 5.8 (1.5) NA NA NA NA 

Matsuda index  80.3 (49.0 - 123.0) 100.8 (64.5 - 143.6) NA NA NA NA 

Total cholesterol mmol/l 5.5 (1.0) 5.2 (0.8) 5.3 (1.0) 5.1 (0.9) 5.2 (1.0) 4.9 (1.0) 

HDL cholesterol mmol/l 1.4 (0.3) 1.7 (0.4) 1.2 (0.3) 1.4 (0.3) 1.4 (0.3) 1.7 (0.4) 

LDL cholesterol mmol/l 3.7 (0.9) 3.2 (0.9) 3.4 (0.9) 3.2 (0.7) 3.2 (0.9) 2.8 (0.8) 

Systolic blood pressure mmHg 128.1 (13.8) 118.1 (14.9) 122.1 (13.0) 114.5 (13.0) 129.6 (12.3) 119.5 (12.0) 



 

 

Diastolic blood pressure mmHg 85.6 (10.0) 81.2 (10.3) 76.9 (10.8) 71.7 (9.2) 79.7 (11.1) 74.3 (10.6) 

C-reactive protein mg/l 0.72 (0.40 - 1.44) 0.76 (0.36 - 1.66) 0.79 (0.36 - 1.56) 0.80 (0.34 - 2.14) 0.62 (0.34 - 1.37) 0.85 (0.38 - 2.27) 

Antihypertensive medication  74 (3) 30 (1) 80 (10) 96 (9) 30 (2) 34 (2) 

Lipid lowering medication  273 (12) 406 (13) 47 (6) 20 (2) 30 (2) 34 (2) 

Combined oral contraceptive 

or hormone replacement 

therapy  Not on medication 278 (9) Not on medication 113 (11) Not on medication 522 (25) 

Physical activity Inactive  680 (29) 745 (25) NA NA 522 (34) 672 (32) 

 Moderate  1287 (56) 1794 (59) NA NA 812 (52) 1164 (56) 

 High  348 (15) 497 (16) NA NA 217 (14) 237 (11) 

Physical activity index  NA NA 8.9 (1.9) 9.1 (1.9) NA NA 

Smoking Current  501 (22) 518 (17) 140 (17) 124 (12) 449 (29) 437 (21) 

 Non-smoker    671 (83) 889 (88)   

         Never  1103 (48) 1776 (58)   753 (49) 1213 (59) 

         Former  711 (31) 742 (24)   349 (23) 423 (20) 



 

 

Table S2. Effect sizes for association of Hb levels with BMI and other 

anthropometric measures. Number of participants (N) in the statistical analyses, 

effect size estimates (Beta) in units of one standard deviation (1-SD) change in 

anthropometric measures per 1-SD change in Hb, lower and upper limit for 95% 

confidence intervals (CIL, CIU) and P values for the effect size estimate. NFBC1966 = 

Northern Finland Birth Cohort 1966; YFS = Young Finns Study; META = meta-

analysis of NFBC1966 and YFS using inverse-variance weighted random-effects 

model. The results are presented for data with extreme values (more than ± 3 SD from 

the mean) excluded and for full data. 
Values with ± 3 SD exclusions 

Parameter Cohort N Beta CIL CIU P 

log(BMI) NFBC1966 5273 0.30 0.26 0.33 4.73e-58 

Waist circumference NFBC1966 5225 0.28 0.24 0.31 2.29e-61 

Hip circumference NFBC1966 5218 0.26 0.23 0.30 3.38e-46 

Waist-hip ratio NFBC1966 5243 0.17 0.14 0.19 3.34e-37 

Body fat percentage NFBC1966 5203 0.24 0.21 0.27 4.47e-55 

Visceral fat area NFBC1966 5167 0.28 0.25 0.32 4.12e-54 

Body muscle mass ratio NFBC1966 5200 -0.20 -0.23 -0.17 2.9e-45 

log(BMI) YFS 1794 0.23 0.17 0.30 5.03e-12 

Waist circumference YFS 1785 0.21 0.14 0.27 7.61e-11 

Hip circumference YFS 1786 0.19 0.13 0.26 6.55e-09 

Waist-hip ratio YFS 1797 0.16 0.10 0.21 1.13e-08 

log(BMI) META 7067 0.27 0.21 0.33 2.17e-19 

Waist circumference META 7010 0.25 0.18 0.31 2.81e-12 

Hip circumference META 7004 0.23 0.17 0.30 1.55e-12 

Waist-hip ratio META 7040 0.17 0.14 0.19 6.34e-45 

All values 

Parameter Cohort N Beta CIL CIU P 

log(BMI) NFBC1966 5350 0.28 0.24 0.31 1.46e-54 

Waist circumference NFBC1966 5312 0.26 0.22 0.29 2.63e-54 

Hip circumference NFBC1966 5310 0.24 0.21 0.28 1.37e-42 

Waist-hip ratio NFBC1966 5310 0.16 0.13 0.18 6.87e-33 

Body fat percentage NFBC1966 5258 0.23 0.02 0.26 1.63e-51 

Visceral fat area NFBC1966 5258 0.27 0.23 0.30 2.36e-50 

Body muscle mass ratio NFBC1966 5258 -0.19 -0.22 -0.16 4.69e-42 

log(BMI) YFS 1814 0.19 0.13 0.25 4.07e-09 

Waist circumference YFS 1813 0.16 0.10 0.22 3.31e-07 

Hip circumference YFS 1812 0.14 0.08 0.20 1.53e-05 

Waist-hip ratio YFS 1812 0.12 0.07 0.17 7.26e-06 

log(BMI) META 7164 0.24 0.15 0.32 3.05e-08 

Waist circumference META 7125 0.21 0.11 0.31 2.47e-05 

Hip circumference META 7122 0.19 0.09 0.30 0.000232 

Waist-hip ratio META 7122 0.15 0.11 0.18 1.72e-19 

 

  



 

 

 

Table S3. Examples of effects of Hb level changes on BMI and other 

anthropometric measures. The data are from the meta-analysis presented in 

Supplementary Table S2 (values with ± 3 SD exclusions). 

 Unit Effect by 10-unit change in Hb (95% CI) 

BMI % 3.5 (2.9, 4.1)a 

Waist circumference cm 2.5 (1.9, 3.1) 

Hip circumference cm 1.5 (1.0, 2.1) 

Waist-hip-ratio ratio 0.011 (0.0092, 0.012) 

Body fat percentage percentage point 1.7 (1.5, 1.9) 

Visceral fat area cm2 8.6 (7.5, 9.6) 

Body muscle mass ratio percentage point -0.85 (-0.96, -0.73) 
aIn an individual with BMI of 25.0 kg/m2 the increase of 10 g/l in Hb would correspond to an 

increase to 25.9 kg/m2. 

 



 

 

Table S4. Effect sizes for association of hematocrit levels and red blood cell counts with BMI and other anthropometric 

measures. Number of participants in the statistical analyses (N), effect sizes (Beta) in units of 1-SD change in anthropometric 

measures by 1-SD change in hematocrit (Hct) or red blood cell counts (Eryt) and lower and upper limit for 95% confidence 

intervals (CIL, CIU) of meta-analysis of the NFBC1966 at age of 46 years and YFS at age of 42 years. 

 Values with ± 3 SD exclusions  All values  

Hct N Beta CIL CIU P N Beta CIL CIU P 

log(BMI) 7103 0.26 0.21 0.30 2.00e-31 7156 0.26 0.21 0.31 8.90e-23 

Waist circumference 7048 0.25 0.22 0.28 9.00e-61 7110 0.25 0.21 0.29 5.40e-42 

Hip circumference 7041 0.23 0.16 0.29 3.70e-12 7108 0.23 0.16 0.31 5.80e-10 

Waist-hip-ratio 7078 0.15 0.13 0.17 1.30e-42 7120 0.16 0.13 0.18 3.90e-43 

Body fat percentage 5227 0.22 0.19 0.25 4.90e-52 5258 0.23 0.20 0.26 5.30e-55 

Visceral fat area 5192 0.26 0.23 0.30 8.80e-53 5258 0.27 0.24 0.30 2.60e-57 

Body muscle mass ratio 5225 -0.19 -0.21 -0.16 2.10e-42 5258 -0.19 -0.22 -0.16 4.80e-44 

 Values with ± 3 SD exclusions  All values  

Eryt N Beta CIL CIU P N Beta CIL CIU P 

log(BMI) 7104 0.34 0.32 0.37 7.40e-126 7157 0.32 0.29 0.34 7.00e-133 

Waist circumference 7048 0.31 0.28 0.34 9.60e-123 7110 0.32 0.29 0.34 2.70e-129 

Hip circumference 7042 0.31 0.27 0.36 5.00e-41 7109 0.31 0.27 0.36 6.70e-36 

Waist-hip-ratio 7080 0.19 0.13 0.26 2.50e-10 7122 0.19 0.13 0.26 3.00e-10 

Body fat percentage 5227 0.27 0.24 0.30 4.40e-85 5258 0.28 0.25 0.30 8.70e-89 

Visceral fat area 5192 0.32 0.29 0.35 3.70e-86 5258 0.33 0.30 0.36 2.40e-95 

Body muscle mass ratio 5225 -0.23 -0.26 -0.20 3.80e-70 5258 -0.23 -0.26 -0.21 5.30e-72 

 



 

 

Table S5. Effect sizes for association between Hb levels, oxygen consumption at rest and body 

fat percentage in a subset of NFBC1966 at age 31. Number of participants (N) in the statistical 

analyses, effect sizes (Beta) in 1-SD unit changes, lower and upper limit for 95% confidence 

intervals (CIL, CIU) and P values for the effect size. All effects were adjusted for sex. 

Effect of N Beta CIL CIU P 

Hb level on oxygen consumption at rest 114 0.26 0.04 0.48 0.02 

Oxygen consumption at rest on body fat percentage 121 0.19 0.08 0.31 0.001 

Hb level on body fat percentage 117 0.14 0.00 0.29 0.057 

 

  



 

 

Table S6. Effect sizes for association of Hb levels with glucose and lipid metabolism, 

blood pressure and inflammatory parameters. Number of participants (N) in the statistical 

analyses, effect sizes (Beta) in units of 1-SD change in the indicated parameter by 1-SD 

change in Hb, lower and upper 95% confidence intervals (CIL, CIU) and P values for the 

effect size in NFBC1966 at age of 46. When indicated the data were adjusted for BMI. Users 

of antihypertensive drugs were excluded from the systolic and diastolic blood pressure 

analyses. 
Values with ± 3 SD exclusions 

Parameter N Beta CIL CIU P BMI adjusted 

log(fasting insulin) 6393 0.30 0.27 0.33 2.0e-73 no 

Fasting glucose 6366 0.16 0.09 0.22 1.0e-06 no 

HOMA-IR 6214 0.29 0.26 0.32 1.7e-66 no 

HOMA-B 4407 0.20 0.16 0.24 8.8e-24 no 

log(AUC of glucose) 4429 0.20 0.16 0.24 1.3e-25 no 

log(AUC of insulin) 4452 0.29 0.25 0.33 7.6e-51 no 

2 h glucose 4447 0.13 0.09 0.17 1.2e-10 no 

log(Matsuda index) 4400 0.33 0.29 0.37 1.8e-64 no 

Total cholesterol 7098 0.15 0.12 0.18 8.7e-21 no 

HDL cholesterol 7079 -0.17 -0.20 -0.14 5.1e-30 no 

LDL cholesterol 7057 0.19 0.13 0.24 1.4e-10 no 

Triglycerides 7094 0.26 0.23 0.29 2.2e-67 no 

Systolic blood pressure 6111 0.16 0.11 0.21 2.2e-09 no 

Diastolic blood pressure 6125 0.28 0.23 0.34 4.4e-22 no 

log(C-reactive protein) 7103 0.11 0.03 0.19 0.0079 no 

log(fasting insulin) 6382 0.16 0.13 0.19 8.7e-29 yes 

Fasting glucose 6355 0.08 0.04 0.12 2.7e-05 yes 

HOMA-IR 6203 0.15 0.12 0.18 4.7e-26 yes 

HOMA-B 4406 0.10 0.06 0.13 5.1e-07 yes 

log(AUC of glucose) 4428 0.11 0.08 0.15 2.4e-09 yes 

log(AUC of insulin) 4451 0.17 0.14 0.21 1.7e-21 yes 

2 h glucose 4446 0.05 0.01 0.08 0.023 yes 

log(Matsuda index) 4399 0.18 0.15 0.22 7.6e-28 yes 

Total cholesterol 7089 0.14 0.11 0.17 2.6e-17 yes 

HDL cholesterol 7068 -0.09 -0.12 -0.06 1.8e-10 yes 

LDL cholesterol 7048 0.16 0.13 0.19 2.0e-24 yes 

Triglycerides 7084 0.17 0.14 0.20 2.1e-32 yes 

Systolic blood pressure 6105 0.09 0.06 0.12 8.5e-08 yes 

Diastolic blood pressure 6119 0.20 0.17 0.23 5.0e-34 yes 

log(C-reactive protein) 7092 -0.01 -0.08 0.05 0.72 yes 

All values 

Parameter N Beta CIL CIU P BMI adjusted 

log(fasting insulin) 6466 0.26 0.23 0.29 1.45e-56 no 

Fasting glucose 6467 0.09 -0.03 0.21 0.159 no 

HOMA-IR 6281 0.25 0.22 0.28 5.18e-51 no 

HOMA-B 4457 0.18 0.14 0.22 2.15e-19 no 



 

 

log(AUC of glucose) 4478 0.19 0.15 0.22 3.65e-22 no 

log(AUC of insulin) 4503 0.27 0.23 0.30 9.81e-44 no 

2 h glucose 4557 0.13 0.09 0.17 5.71e-11 no 

log(Matsuda index) 4450 0.29 0.25 0.32 1.21e-50 no 

Total cholesterol 7172 0.15 0.11 0.19 8.71e-14 no 

HDL cholesterol 7172 -0.15 -0.18 -0.12 1.22e-24 no 

LDL cholesterol 7131 0.19 0.16 0.22 7.11e-34 no 

Triglycerides 7174 0.25 0.22 0.28 1.33e-64 no 

Systolic blood pressure 6183 0.15 0.10 0.20 3.42e-09 no 

Diastolic blood pressure 6183 0.28 0.24 0.32 8.85e-44 no 

log(C-reactive protein) 7153 0.10 0.03 0.17 0.00655 no 

log(fasting insulin) 6455 0.13 0.09 0.16 1.21e-12 yes 

Fasting glucose 6456 0.02 -0.07 0.11 0.635 yes 

HOMA-IR 6270 0.12 0.09 0.15 1.01e-16 yes 

HOMA-B 4456 0.07 0.04 0.11 6.36e-05 yes 

log(AUC of glucose) 4477 0.10 0.06 0.13 1.78e-07 yes 

log(AUC of insulin) 4502 0.15 0.11 0.18 3.84e-17 yes 

2 h glucose 4556 0.04 0.00 0.08 0.0322 yes 

log(Matsuda index) 4449 0.15 0.11 0.18 8.23e-19 yes 

Total cholesterol 7161 0.14 0.10 0.17 1.36e-13 yes 

HDL cholesterol 7161 -0.08 -0.12 -0.04 0.000236 yes 

LDL cholesterol 7121 0.15 0.12 0.19 4.31e-23 yes 

Triglycerides 7163 0.17 0.13 0.21 3.15e-14 yes 

Systolic blood pressure 6177 0.08 0.05 0.12 1.56e-07 yes 

Diastolic blood pressure 6177 0.19 0.16 0.22 1.79e-32 yes 

log(C-reactive protein) 7142 -0.02 -0.08 0.05 0.597 yes 

 

  



 

 

Table S7. Comparison of effect sizes for association of Hb levels 

with BMI and other anthropometric measures at age 31 and 46 

in NFBC1966. Age, effect sizes (Beta) in units of 1-SD change in the 

indicated parameter by 1-SD change in Hb, lower and upper limit for 

95% confidence intervals (CIL, CIU) and P values for the change in 

effect size from age 31 to 46 in NFBC1966 cohort. 
Values with ± 3 SD exclusions 

Parameter Age Beta CIL CIU P 

log(BMI) 31 0.18 0.16 0.20  

log(BMI) 46 0.16 0.14 0.19 0.11 

Waist circumference 31 0.17 0.15 0.20  

Waist circumference 46 0.20 0.17 0.22 0.013 

Hip circumference 31 0.17 0.15 0.19  

Hip circumference 46 0.14 0.12 0.16 0.0039 

Waist-hip ratio 31 0.11 0.08 0.13  

Waist-hip ratio 46 0.17 0.14 0.19 3.5e-7 

All values 

Parameter Age Beta CIL CIU P 

log(BMI) 31 0.18 0.15 0.20 
 

log(BMI) 46 0.16 0.14 0.18 0.12 

Waist circumference 31 0.17 0.15 0.19 
 

Waist circumference 46 0.20 0.17 0.22 0.023 

Hip circumference 31 0.19 0.17 0.22 
 

Hip circumference 46 0.15 0.13 0.18 0.0022 

Waist-hip ratio 31 0.09 0.06 0.11 
 

Waist-hip ratio 46 0.15 0.13 0.17 1.1e-6 

  



 

 

Table S8. Comparison of effect sizes for association of Hb levels with 

glucose and lipid metabolism, blood pressure and inflammatory 

parameters at age 31 and 46 in NFBC1966. Age, effect sizes (Beta) in 

units of 1-SD change in the indicated parameter per 1-SD change in Hb, 

lower and upper limit for 95% confidence intervals (CIL, CIU) and P 

values for the change in effect size from age 31 to 46 of the NFBC1966. 

Values with ± 3 SD exclusions 

Parameter Age Beta CIL CIU P 

log(fasting insulin) 31 0.11 0.09 0.13  

log(fasting insulin) 46 0.18 0.15 0.21 2.4e-7 

Fasting glucose 31 0.06 0.03 0.08  

Fasting glucose 46 0.08 0.05 0.10 0.12 

Triglycerides 31 0.07 0.04 0.10  

Triglycerides 46 0.17 0.15 0.20 6.9e-11 

Total cholesterol 31 0.12 0.09 0.15  

Total cholesterol 46 0.18 0.14 0.21 5.6e-4 

HDL cholesterol 31 -0.05 -0.07 -0.02  

HDL cholesterol 46 -0.05 -0.08 -0.03 0.53 

LDL cholesterol 31 0.13 0.10 0.16  

LDL cholesterol 46 0.20 0.17 0.23 6.0e-6 

Systolic blood pressure 31 0.11 0.08 0.13  

Systolic blood pressure 46 0.11 0.08 0.14 0.95 

Diastolic blood pressure 31 0.28 0.24 0.31  

Diastolic blood pressure 46 0.20 0.17 0.24 3.6e-5 

HOMA-IR 31 0.13 0.10 0.15  

HOMA-IR 46 0.19 0.16 0.22 7.8e-6 

HOMA-B 31 0.09 0.06 0.11  

HOMA-B 46 0.13 0.10 0.16 0.0077 

C-reactive protein 31 -0.10 -0.13 -0.06  

C-reactive protein 46 0.02 -0.01 0.05 1.7e-12 

All values  

Parameter Age Beta CIL CIU P 

log(fasting insulin) 31 0.12 0.09 0.14  

log(fasting insulin) 46 0.17 0.14 0.20 6.8e-4 

Fasting glucose 31 0.04 0.01 0.07  

Fasting glucose 46 0.07 0.04 0.11 0.082 

Triglycerides 31 0.03 0.00 0.06  

Triglycerides 46 0.13 0.10 0.16 1.3e-11 

Total cholesterol 31 0.08 0.05 0.12  

Total cholesterol 46 0.15 0.12 0.18 8.4e-5 

HDL cholesterol 31 -0.04 -0.06 -0.01  

HDL cholesterol 46 -0.04 -0.06 -0.01 0.97 

LDL cholesterol 31 0.11 0.08 0.14  

LDL cholesterol 46 0.17 0.14 0.20 4.6e-6 

Systolic blood pressure 31 0.12 0.09 0.15  



 

 

 

 
Systolic blood pressure 46 0.11 0.08 0.14 0.61 

Diastolic blood pressure 31 0.25 0.22 0.29  

Diastolic blood pressure 46 0.18 0.15 0.21 1.5e-5 

HOMA-IR 31 0.11 0.08 0.14  

HOMA-IR 46 0.16 0.12 0.20 0.0083 

HOMA-B 31 0.07 0.04 0.11  

HOMA-B 46 0.12 0.08 0.16 0.016 

C-reactive protein 31 -0.10 -0.13 -0.06  

C-reactive protein 46 0.02 -0.01 0.04 1.2e-11 



 

 

Table S9. Effect sizes for association of Hb levels with metabolites. Number of participants (N) in the 

statistical analyses, effect sizes (Beta) in units of 1-SD change in the indicated parameter by 1-SD change in 

Hb, lower and upper limit for 95% confidence intervals (CIL, CIU) and P values for the effect size of the meta-

analysis of NFBC1966 at age of 46 and YFS at age of 42. Results with ± 3 SD exclusions are shown. Users of 

lipid lowering medication (n = 679) and combined oral contraceptives or hormone replacement therapy (n = 

391) were removed from the analyses. 

Parameter N Beta CIL CIU P 

Alanine 6434 0.05 0.01 0.08 0.0058 

Glutamine 6413 0.03 0.00 0.07 0.037 

Glycine 6392 -0.05 -0.09 -0.01 0.012 

Histidine 6402 0.07 0.01 0.14 0.026 

Isoleucine 6396 0.12 0.10 0.15 2.6e-19 

Leucine 6403 0.20 0.18 0.23 4.8e-54 

Valine 6422 0.15 0.12 0.18 2.8e-24 

Phenylalanine 6434 0.15 0.11 0.18 8.9e-21 

Tyrosine 6412 0.11 0.08 0.14 6.4e-12 

Apolipoprotein A-I 6438 -0.04 -0.07 -0.01 0.019 

Apolipoprotein B 6429 0.16 0.13 0.20 1.6e-25 

Total cholesterol in chylomicrons and extremely large VLDL  6393 0.06 0.01 0.11 0.016 

Total cholesterol in very large VLDL  6437 0.10 0.03 0.17 0.0051 

Total cholesterol in large VLDL  6398 0.11 0.06 0.17 7.6e-05 

Total cholesterol in medium VLDL  6407 0.14 0.11 0.17 6.1e-19 

Total cholesterol in small VLDL  6434 0.14 0.10 0.19 1.8e-10 

Total cholesterol in very small VLDL  6432 0.07 0.03 0.10 6.8e-05 

Total cholesterol in IDL  6437 0.10 0.07 0.13 6.8e-09 

Total cholesterol in large LDL  6433 0.12 0.09 0.15 2,00E-12 

Total cholesterol in medium LDL  6430 0.14 0.10 0.17 1.4e-15 

Total cholesterol in small LDL  6428 0.13 0.10 0.17 2.5e-15 

Total cholesterol in very large HDL  6411 -0.08 -0.12 -0.05 5.7e-08 

Total cholesterol in large HDL  6398 -0.15 -0.19 -0.12 1.6e-18 

Total cholesterol in medium HDL  6442 -0.08 -0.11 -0.04 7.5e-06 

Total cholesterol in small HDL  6430 0.14 0.06 0.22 0.00039 



 

 

Serum total cholesterol 6432 0.10 0.07 0.14 1.9e-09 

Total cholesterol in VLDL 6418 0.14 0.11 0.18 1.1e-14 

Remnant cholesterol (non-HDL, non-LDL -cholesterol) 6436 0.14 0.11 0.17 1.4e-17 

Total cholesterol in LDL 6427 0.13 0.09 0.16 8,00E-14 

Total cholesterol in HDL 6436 -0.10 -0.13 -0.07 4.4e-11 

Total cholesterol in HDL2 6426 -0.12 -0.15 -0.09 1.4e-15 

Total cholesterol in HDL3 6418 0.05 0.02 0.09 0.0024 

Esterified cholesterol 6420 0.10 0.06 0.13 1.5e-08 

Cholesterol esters in chylomicrons and extremely large VLDL  6399 0.05 -0.02 0.12 0.16 

Cholesterol esters in very large VLDL  6437 0.10 0.02 0.18 0.014 

Cholesterol esters in large VLDL  6398 0.10 0.04 0.16 0.0014 

Cholesterol esters in medium VLDL  6404 0.13 0.08 0.18 4.8e-08 

Cholesterol esters in small VLDL  6428 0.13 0.09 0.17 2.1e-09 

Cholesterol esters in very small VLDL  6433 0.05 0.02 0.09 0.0015 

Cholesterol esters in IDL  6440 0.11 0.07 0.14 4.1e-10 

Cholesterol esters in large LDL  6429 0.12 0.09 0.16 1.9e-13 

Cholesterol esters in medium LDL  6423 0.13 0.10 0.16 5.9e-15 

Cholesterol esters in small LDL  6419 0.13 0.09 0.16 6.2e-14 

Cholesterol esters in very large HDL  6407 -0.07 -0.11 -0.04 2.3e-06 

Cholesterol esters in large HDL  6398 -0.15 -0.19 -0.12 5.5e-16 

Cholesterol esters in medium HDL  6442 -0.08 -0.11 -0.04 4.5e-06 

Cholesterol esters in small HDL  6428 0.13 0.06 0.20 0.00012 

Total fatty acids 6413 0.13 0.09 0.17 3.9e-11 

Estimated degree of unsaturation 6401 -0.08 -0.11 -0.05 2.5e-06 

22:6, docosahexaenoic acid 6411 0.07 -0.01 0.14 0.083 

18:2, linoleic acid 6409 0.11 0.07 0.14 9.3e-10 

Omega-3 fatty acids 6415 0.08 0.05 0.12 1.2e-06 

Omega-6 fatty acids 6410 0.10 0.06 0.13 6,00E-08 

Polyunsaturated fatty acids 6408 0.10 0.07 0.14 2.7e-09 

Monounsaturated fatty acids; 16:1, 18:1 6403 0.16 0.09 0.23 5.00e-06 

Saturated fatty acids 6402 0.11 0.06 0.16 7.4e-06 

Ratio of monounsaturated fatty acids to total fatty acids 6411 0.15 0.06 0.23 0.001 



 

 

Creatinine 6425 0.08 0.05 0.11 8.7e-09 

Albumin 6413 0.15 0.09 0.21 4.4e-06 

Free cholesterol in chylomicrons and extremely large VLDL  6424 0.09 0.06 0.12 5,00E-08 

Free cholesterol in very large VLDL  6439 0.10 0.04 0.16 0.0011 

Free cholesterol in large VLDL  6438 0.13 0.09 0.17 6.7e-10 

Free cholesterol in medium VLDL  6415 0.15 0.13 0.18 3.8e-25 

Free cholesterol in small VLDL  6435 0.16 0.13 0.20 1.1e-19 

Free cholesterol in very small VLDL  6428 0.09 0.06 0.12 6,00E-08 

Free cholesterol in IDL  6424 0.07 0.04 0.11 2.5e-05 

Free cholesterol in large LDL  6426 0.09 0.06 0.13 5.2e-08 

Free cholesterol in medium LDL  6442 0.15 0.12 0.19 3.5e-19 

Free cholesterol in small LDL  6442 0.16 0.13 0.20 6.8e-22 

Free cholesterol in very large HDL  6411 -0.11 -0.13 -0.08 2.8e-12 

Free cholesterol in large HDL  6398 -0.15 -0.18 -0.12 8,00E-27 

Free cholesterol in medium HDL  6433 -0.06 -0.10 -0.03 0.00021 

Free cholesterol in small HDL  6444 0.11 0.07 0.15 4.5e-09 

Free cholesterol 6422 0.11 0.07 0.14 7.7e-10 

Glucose 6384 0.04 -0.08 0.16 0.5 

Lactate 6403 0.25 0.21 0.29 9.2e-32 

Pyruvate 6425 0.04 0.01 0.08 0.011 

Citrate 6427 0.08 -0.00 0.16 0.052 

Glycerol 5674 0.20 0.16 0.23 1.1e-29 

Glycoprotein acetyls, mainly a1-acid glycoprotein 6411 0.09 0.05 0.13 5.7e-05 

Acetate 6411 0.05 -0.01 0.12 0.12 

Acetoacetate 6353 0.10 0.07 0.14 3.8e-09 

3-hydroxybutyrate 5645 0.12 0.09 0.16 6.1e-11 

Mean diameter for VLDL particles 6414 0.13 0.10 0.16 7.3e-17 

Mean diameter for LDL particles 6412 -0.14 -0.18 -0.11 2.7e-17 

Mean diameter for HDL particles 6437 -0.16 -0.19 -0.14 1.1e-33 

Concentration of chylomicrons and extremely large VLDL particles 6384 0.07 0.04 0.10 3.8e-06 

Concentration of very large VLDL particles 6441 0.11 0.06 0.16 1.4e-05 

Concentration of large VLDL particles 6397 0.12 0.08 0.16 1.4e-09 



 

 

Concentration of medium VLDL particles 6408 0.15 0.12 0.18 6.9e-25 

Concentration of small VLDL particles 6424 0.16 0.13 0.19 4.3e-24 

Concentration of very small VLDL particles 6435 0.12 0.09 0.15 2.7e-13 

Concentration of IDL particles 6426 0.11 0.07 0.14 6.7e-10 

Concentration of large LDL particles 6433 0.12 0.09 0.16 2.9e-13 

Concentration of medium LDL particles 6436 0.14 0.11 0.18 2.5e-17 

Concentration of small LDL particles 6439 0.15 0.12 0.18 8.6e-19 

Concentration of very large HDL particles 6413 -0.11 -0.14 -0.08 1.7e-14 

Concentration of large HDL particles 6399 -0.15 -0.18 -0.11 5.7e-16 

Concentration of medium HDL particles 6445 -0.05 -0.08 -0.01 0.0051 

Concentration of small HDL particles 6446 0.14 0.09 0.20 2.3e-07 

Phospholipids in chylomicrons and extremely large VLDL  6423 0.08 0.05 0.11 1.6e-07 

Phospholipids in very large VLDL  6440 0.10 0.05 0.16 0.00012 

Phospholipids in large VLDL  6397 0.12 0.08 0.16 9.8e-09 

Phospholipids in medium VLDL  6408 0.16 0.13 0.18 8.1e-26 

Phospholipids in small VLDL  6429 0.16 0.12 0.19 3.8e-19 

Phospholipids in very small VLDL  6429 0.10 0.07 0.14 9.6e-10 

Phospholipids in IDL  6436 0.09 0.05 0.12 4.8e-07 

Phospholipids in large LDL  6436 0.12 0.08 0.15 5.1e-12 

Phospholipids in medium LDL  6439 0.16 0.13 0.20 7.4e-23 

Phospholipids in small LDL  6442 0.17 0.14 0.20 3.1e-24 

Phospholipids in very large HDL  6410 -0.14 -0.17 -0.11 7.8e-23 

Phospholipids in large HDL  6399 -0.14 -0.18 -0.11 3.6e-15 

Phospholipids in medium HDL  6445 -0.04 -0.08 -0.01 0.0085 

Phospholipids in small HDL  6445 0.07 0.03 0.10 0.00012 

Total phosphoglycerides 6424 0.08 0.02 0.13 0.0081 

Phosphatidylcholine and other cholines 6424 0.04 -0.01 0.10 0.13 

Sphingomyelins 6423 0.03 -0.00 0.07 0.082 

Total cholines 6428 0.04 0.00 0.07 0.031 

Total lipids in chylomicrons and extremely large VLDL  6384 0.07 0.04 0.10 4.5e-06 

Total lipids in very large VLDL  6440 0.11 0.06 0.16 3.9e-05 

Total lipids in large VLDL  6397 0.12 0.08 0.16 5.2e-09 



 

 

Total lipids in medium VLDL  6407 0.15 0.12 0.18 6.5e-25 

Total lipids in small VLDL  6424 0.16 0.13 0.19 2.5e-23 

Total lipids in very small VLDL  6437 0.11 0.08 0.14 9.2e-12 

Total lipids in IDL  6425 0.10 0.07 0.14 2.3e-09 

Total lipids in large LDL  6432 0.12 0.09 0.16 1,00E-12 

Total lipids in medium LDL  6435 0.14 0.11 0.17 3.9e-17 

Total lipids in small LDL  6438 0.15 0.11 0.18 1.8e-18 

Total lipids in very large HDL  6413 -0.11 -0.14 -0.08 3.6e-14 

Total lipids in large HDL  6399 -0.15 -0.18 -0.11 9.6e-17 

Total lipids in medium HDL  6445 -0.05 -0.08 -0.02 0.0025 

Total lipids in small HDL  6446 0.14 0.08 0.20 1.1e-06 

Triglycerides in chylomicrons and extremely large VLDL  6383 0.08 0.04 0.11 1.5e-06 

Triglycerides in very large VLDL  6441 0.12 0.07 0.17 1.2e-06 

Triglycerides in large VLDL  6398 0.12 0.09 0.16 4.3e-12 

Triglycerides in medium VLDL  6414 0.16 0.13 0.19 4.4e-26 

Triglycerides in small VLDL  6422 0.16 0.13 0.19 3,00E-28 

Triglycerides in very small VLDL  6428 0.15 0.11 0.20 3,00E-12 

Triglycerides in IDL  6421 0.11 0.07 0.14 3.3e-10 

Triglycerides in large LDL  6418 0.10 0.07 0.13 3.9e-09 

Triglycerides in medium LDL  6419 0.10 0.06 0.13 1.4e-08 

Triglycerides in small LDL  6420 0.14 0.11 0.17 4,00E-17 

Triglycerides in very large HDL  6410 -0.03 -0.06 0.01 0.099 

Triglycerides in large HDL  6398 -0.12 -0.15 -0.09 1.4e-13 

Triglycerides in medium HDL  6425 0.08 0.03 0.14 0.0043 

Triglycerides in small HDL  6429 0.16 0.13 0.19 2.4e-26 

Serum total triglycerides 6409 0.16 0.13 0.19 2.7e-25 

Triglycerides in VLDL 6415 0.15 0.13 0.18 1.2e-25 

Triglycerides in LDL 6417 0.11 0.07 0.14 2.1e-10 

  



 

 

Table S10. Hypoxia-induced genes used in the gene set enrichment analysis (GSEA). The genes analysed included those known 

to be induced at least four-fold by hypoxia in human peripheral blood monocytes (Table modified from (52)). *Genes appearing in 

multiple functional categories. 
Function Gene Symbol Gene Description Fold Change 

Angiogenesis F3* Coagulation factor III (tissue factor) 4.5 
 

FLT1 Vascular endothelial growth factor receptor 1 14.8 
 

MIF*  Macrophage migration inhibitory factor 10.1 
 

SPP1* Secreted phosphoprotein 1 (osteopontin) 28.0 
 

VEGF Vascular endothelial growth factor 7.5 

Apoptosis BNIP3 BCL2/adenovirus E1B 19-kDa-interacting protein 3 16.5 
 

BNIP3L BCL2/adenovirus E1B 19-kDa-interacting protein 3-like 4.0 

Cell adhesion/matrix/ F3* Coagulation factor III (tissue factor) 4.5 
 

MMP1 Matrix metalloproteinase 1 (interstitial collagenase) 15.6 
 

SPP1* Secreted phosphoprotein 1 (osteopontin) 28.0 

Cell cycle/differentation INHBA Inhibin,β A (activin A) 4.0 
 

NDRG1 N-myc downstream regulated gene 1 4.1 

Glucose transport SLC2A3 

(GLUT3) 

Solute carrier family 2 (glucose transporter), member 3 5.8 

Glycolytic metabolism ALDOC Aldolase C 5.3 
 

ENO2 Enolase 2 38.9 
 

GPI Glucose phosphate isomerase 7.2 
 

PDK1 Pyruvate dehydrogenase kinase, isoenzyme 1 24.5 
 

PFKP Phosphofructokinase, platelet 7.0 

Immune/ responses MIF* Macrophage migration inhibitory factor 10.1 
 

SPP1* Secreted phosphoprotein 1 (osteopontin) 28.0 

Metabolism (nonglycolytic) EGLN1 Egl nine homolog 1 4.6 
 

P4HA1 Procollagen-proline, 2-oxoglutarate 4-dioxygenasa I 4.5 
 

PAM Peptidylglycine α-amidating monooxygenase 4.1 
 

VLDLR Very low density lipoprotein receptor 5.3 

Stress response HIG2 Hypoxia-inducible protein 2 9.7 

Transcription/signaling MXI1 MAX-interacting protein 1 4.5 



 

 

Table S11. Sources for outcome genetic association estimates. 

Trait 
Population 

source 

Sample 

size 

Population 

ancestry 
Reference 

Body mass index (BMI) 

GIANT 

consortium 

and UK 

Biobank 

806,834 European (37) 

Low-density lipoprotein cholesterol 

(LDL-C) 
GLGC 188,577 European (38) 

High-density lipoprotein cholesterol 

(HDL-C) 
GLGC 188,577 European (38) 

Triglycerides GLGC 188,577 European (38) 

Systolic blood pressure (SBP) UK Biobank 318,417 European (39) 

Type 2 diabetes mellitus (T2DM) 
DIAMANTE 

consortium 

74,124 

cases and 

824,006 

controls 

European (40) 

GIANT: Genetic Investigation of ANthropometric Traits 

GLGC: Global Lipids Genetics Consortium 

DIAMANTE: DIAbetes Meta-ANalysis of Trans-Ethnic association studies 

 

 

  



 

 

 

Table S12. Association of white adipose tissue (WAT) Slc2a1 mRNA levels with key 

anthropometric and metabolic markers and Hb levels in a subpopulation of 1-year-old 

C57Bl/6 male mice (n = 14) (Fig. 7C). Slc2a1 mRNA levels are expressed relative to Tbp. 

Mouse  WAT Slc2a1 Hb (g/L) Body weight (g) 2 h glucose of GTT (mmol/L) WAT weight (g) Liver weight (g) 

1 0.01 17.22 47.40 12.30 2.66 1.87 

2 0.01 15.77 41.20 7.60 2.07 2.03 

3 0.01 17.43 52.80 11.80 2.81 2.45 

4 0.02 17.07 44.90 11.00 2.63 1.99 

5 0.02 17.02 48.20 6.00 3.07 1.98 

6 0.03 17.13 46.60 9.30 2.85 2.34 

7 0.03 16.23 39.40 7.20 1.78 1.88 

8 0.04 16.08 39.40 4.90 1.77 1.94 

9 0.04 16.83 42.80 7.70 2.04 1.85 

10 0.04 16.20 33.70 5.90 0.96 1.62 

11 0.04 16.95 37.30 10.90 2.04 1.89 

12 0.04 16.00 39.00 6.80 1.50 1.78 

13 0.05 15.82 40.20 6.70 1.40 1.74 

14 0.06 16.23 34.90 7.40 1.39 1.55 

r  -0.51 -0.74 -0.74 -0.69 -0.50 

CI 95%  (-0.82; 0.02) (-0.91; 0.35) (-0.91; 0.35) (-0.89; -0.25) (-0.82; 0.03) 

P  0.060 0.002 0.002 0.007 0.066 



 

 

 

 
 

Fig. S1. Flow chart of the study population. *Individuals examined for the parameter at the age 

of 31- and 46-years. 

  



 

 

 

 

Fig. S2. Red blood cell parameters associate with BMI in both sexes. Scatterplots of (a) Hb 

levels, (b) hematocrit (Hct) levels, (c) erythrocyte (Eryt) counts, with BMI in both sexes in 

NFBC1966 at age of 46. Unadjusted regression line (blue) with 95% confidence intervals (gray) 

are shown. 



 

 

 

 
Fig. S3. Association of Hb levels with anthropometric parameters in both sexes. Forest plots 

representing the effect size estimates and their 95% confidence intervals for one standard deviation 

(1-SD) change in anthropometric measures per 1-SD change in Hb for both sexes. Red, blue and 

black lines indicate effect sizes for NFBC1966 at 46-years, YFS at 42-years and meta-analysis, 

respectively. (a) Males, (b) females. 



 

 

 

Fig. S4. Association of Hb levels with key metabolic parameters in both sexes. Forest plot 

representing the effect size estimates and their 95% confidence intervals of the association in SD 

units of Hb levels with log(fasting insulin) and fasting glucose levels, log(HOMA-IR) and 

log(HOMA-B) indexes, log(triglycerides), log(area under the curve (AUC) of glucose in oral 

glucose tolerance test (OGTT))*, log(AUC of insulin in OGTT)* and 2 h glucose in levels in a 2 

h OGTT*, log(Matsuda index)*, fasting serum total cholesterol, HDL cholesterol and LDL 

cholesterol levels, systolic and diastolic blood pressure and log(high-sensitivity C-reactive protein 

(CRP)) levels in meta-analysis of NFBC1966 at age of 46 and YFS at 42-years, respectively. 

*Indicates the associations only analyzed in NFBC1966. The effect sizes were adjusted for 

smoking and physical activity (blue), and additionally for BMI (red). Values with ± 3 SD 

exclusions are presented. (a) Males, (b) females. 



 

 

 

 
 

Fig. S5. Bland-Altman plot of Hb levels at age 31 and 46 in both sexes in NFBC1966. (a) 

Males, (b) females. 



 

 

 

 
 

Fig. S6. Effect size estimates and their 95% confidence intervals for cross-sectional and 

longitudinal associations between Hb levels and metabolites of NFBC1966. X-axis represents 

between-subject (cross-sectional) effect sizes and y-axis represent within-subject (longitudinal) 

effect sizes. The solid black line is line y = x indicating equality of the effect sizes. The solid blue 

line represents the estimated regression line of regressing within-subject effects on between-

subject effects. 

  



 

 

 
Fig. S7. Main Mendelian randomization analysis results. Effects estimates are given in standard 

deviation (SD) units for body mass index (BMI), high-density lipoprotein cholesterol (HDL-C), 

low-density lipoprotein cholesterol (LDL-C), systolic blood pressure (SBP) and triglycerides 

(TG), and in log odds ratio for type 2 diabetes mellitus (T2DM). The Egger intercept P values 

were 0.24 for BMI, 0.80 for HDL-C, 0.002 for LDL-C, 0.98 for SBP, 0.20 for T2DM and 0.92 for 

TG). IVW: inverse-variance weighted. 
  



 

 

 

 
Fig. S8. Mendelian randomization sensitivity analysis results, considering Hb level genetic 

association estimates that did not adjust for BMI, alcohol consumption or smoking. Effects 

estimates are given in standard deviation (SD) units for body mass index (BMI), high-density 

lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), systolic blood 

pressure (SBP) and triglycerides (TG), and in log odds ratio for type 2 diabetes mellitus (T2DM). 

The Egger intercept P values were 0.60 for BMI, 0.26 for HDL-C, 0.03 for LDL-C, 0.37 for SBP, 

0.45 for T2DM and 0.97 for TG). IVW: inverse-variance weighted. 
  



 

 

 

Fig. S9. Correlation of change in Hb levels with changes in body weight, fasting blood 

glucose, fasting serum insulin, HOMA-IR, 2 h blood glucose levels in GTT, total cholesterol, 

HDL cholesterol, LDL + VLDL cholesterol, triglycerides and lactate levels, respectively, in 

individual mice following venesection. The values were determined at baseline and two weeks 

after venesection. The changes in them in 14 days were correlated. Most data indicate a positive 

response. 
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