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Abstract

Background
Body composition has important implications in development of disease. 
Low muscle mass often indicates poor health, but the relation with car-
diovascular disease (CVD) is unknown. Skeletal muscles are responsible 
for approximately 75% of insulin-stimulated whole body glucose dis-
posal and therefore insulin resistance or the metabolic syndrome could 
underlie the relation between muscle mass and CVD. Our objective was 
to examine whether muscle mass, as reflected by 24h urinary creatinine 
excretion, is associated with CVD and all cause mortality and whether 
this depends on insulin resistance.

Research design and methods
Prospective, community-based observational cohort of the PREVEND 
study in Groningen, the Netherlands. 24h creatinine excretion was 
assessed in 4044 women and 4048 men between 1997 and 1998. Outcome 
was recorded until December 31st 2005 (median [25-75%] follow-up of 
7.5 [7.3-7.9] years). Insulin resistance was estimated using fasting insulin 
and HOMA. The main outcome measure was the incidence of major 
adverse cardiovascular events (MACE) and all-cause mortality.

Results 
During follow-up, 142 (3.5%) women and 369 (9.1%) men devel-
oped mace, and 130 (3.2%) women and 295 (7.3%) men died. In 
women every doubling of creatinine excretion was associated with an 
approximate 60% decrease in risk for mace (Hazard Ratios (hr) 0.41  
[95%CI 0.26-0.64], P<0.001) and 50% decrease in risk for all-cause  
mortality (hr:0.52 [0.31-0.90], P=0.02) independent of age, smoking, cvd 
history, race, fasting insulin concentrations and components of the ms. 
In men every doubling of creatinine excretion was borderline associated 
with an approximately 25% decrease in risk for mace (hr:0.74 [0.53-1.03], 
P=0.07) and independently associated with a 55% decreased risk for all-
cause mortality (hr:0.45 [0.32-0.62], P<0.001). 

Conclusions 
Low muscle mass is associated with mace and all cause mortality in the 
general population, independent of insulin resistance. Perhaps physi-
cal activity, frailty or general poor health could underlie the association 
between muscle mass and cvd.
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Introduction

Insulin resistance is an established risk factor for future cardiovascular 
disease (cvd).1-3 Excess fat mass and obesity are established determinants 
of insulin resistance. Less well-established is that skeletal muscles are 
responsible for approximately 75% of insulin-dependent whole body 
glucose disposal4, and an inverse determinant of insulin resistance, even in 
obese subjects.5 Consequently, low muscle mass may be a cvd risk factor, 
although potentially dependent on insulin sensitivity or components of 
the metabolic syndrome, including chronic low-grade inflammation. We 
aimed to prospectively investigate whether muscle mass is associated with 
development of major adverse cardiovascular events (mace) and all cause 
mortality in the general population. We also aimed to investigate whether 
a putative association depends on insulin sensitivity, components of the 
metabolic syndrome or chronic low-grade inflammation. We used 24h 
creatinine excretion as measure of total-body skeletal muscle mass.6-9

Methods

Study population
We performed our study in the framework of the prevend (Prevention 
of Renal and Vascular ENdstage Disease) study which was initiated in 
1997 (www.prevend.org). The prevend study is an ongoing prospective, 
community-based observational cohort based on the general population 
between the ages of 28 and 75 years. In brief, 8592 individuals completed 
the baseline survey (1997-1998). Insulin use was an exclusion criteria for 
the prevend study. For this present study we excluded subjects who did 
not collect 24h urine (n=50), subjects with a history of renal disease or 
a serum creatinine >250 μmol/l (n=25), and finally those subjects with a 
missing value of those variables included in final Cox regression analyses 
(smoking, history of cvd, race, insulin, glucose, waist circumference, 
hdl-cholesterol, triglycerides, systolic blood pressure, serum creatinine, 
urinary albumin excretion (uae) and crp n=425) leaving n=8092 subjects 
for the current study. Subjects with missing values were slightly younger 
(48±13 vs 49±13 years, difference P=0.01), but did not differ in sex (49.4% 
women vs 50.0%, difference P=0.4) or 24h creatinine excretion (12.5±3.7 
vs 12.3±3.5 mmol/24h, difference P=0.3). The institutional review board 
approved the study, and all subjects provided informed consent.
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Creatinine excretion
Each subject collected two 24h urine samples at inclusion on two separate 
days after thorough oral and written instructions. Creatinine excretion 
was calculated as the mean of the two 24h urine collections.

Follow-up and outcomes
The endpoints of this analysis were (1) Major Adverse Cardiovascular 
Events (mace) as the combined endpoint of non-fatal and fatal cvd events 
and (2) all-cause mortality. Information about cvd non-fatal events was 
obtained from prismant, the Dutch national registry of hospital dis-
charge diagnoses. Information about mortality was obtained from the 
municipal register, and cause of death was obtained by linking the num-
ber of the death certificate to the primary cause of death as coded by the 
Dutch Central Bureau of Statistics. All data were coded according to the 
International Classification of Diseases, 9th revision. mace was defined as 
the following; acute myocardial infarction (icd-code 410), acute and sub-
acute ischemic heart disease (411), occlusion or stenosis of the precerebral 
(433) or cerebral arteries (434) and the following procedures: coronary 
artery bypass grafting or percutaneous transluminal coronary angioplasty, 
and other vascular interventions namely percutaneous transluminal  
angioplasty or bypass grafting of aorta and peripheral vessels. Survival 
time was defined as the period from the baseline survey to the date of an 
event. Subjects who did not have an event were censored on December 
31st 2005. In case a person had moved to an unknown destination, the date 
on which the person was removed from the municipal registry was used 
as censor date.

Measurements and definitions
The baseline survey consisted of two visits to an outpatient unit. Before 
the first visit all participants completed a questionnaire on demograph-
ics, cardiovascular disease history, smoking habits and medication use. 
During the first visit height and weight were measured, and a fasting 
blood sample was drawn. During both visits blood pressure was mea-
sured, in supine position, every minute for 10 and 8 minutes, respectively, 
with an automatic device (Dinamap XL Model 9300, Johnson-Johnson 
Medical, Tampa, FL, USA). Blood pressure values are given as the mean 
of the last two recordings of both visits. Medication was self reported and 
substantiated with information of drug use from a database of pharmacy-
dispensing data from all community pharmacies in the city of Groningen. 
This database has complete information on drug-use of approximately 
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80% of subjects in the prevend Study. 
 Diabetes was defined according to the guidelines of the American 
Diabetes Association as a fasting plasma glucose ≥7.0 mmol/l or the use 
of anti-diabetic medication. Homeostasis Model Assessment (homa) was 
calculated as: [glucose (mmol/l) x insulin (μU/ml)] / 22.5]. The metabolic 
syndrome was defined according to ATPIII criteria.15 An individual has 
the metabolic syndrome if he or she suffers from three or more of the 
following criteria: (1) a waist circumference > 102 cm in men and >88 cm  
in women; (2) serum triglycerides ≥ 1.70 mmol/l; (3) serum hdlc  
< 1.03 mmol/l in men and < 1.29 mmol/l in women; (4) blood pressure 
≥ 130/85 mmHg or use of antihypertensive medication; and (5) fasting 
plasma glucose ≥ 6.1 mmol/l or use of antidiabetic medication (including 
insulin). Prior history of cvd at inclusion of the study was defined as self 
report of cerebrovascular accident, coronary heart disease, or peripheral 
vascular disease requiring surgery. Glomular filtration rate was estimated 
(egfr) using mdrd formula.16 

Laboratory measurements
Creatinine in urine and plasma were determined by Kodak Ektachem 
dry chemistry (Eastman Kodak, Rochester, NY, USA), an automated 
enzymatic method. Albumin in urine was determined by nephelometry 
(BN™II Dade Behring Diagnostic, Marburg, Germany). Glucose was 
determined in plasma using standard methods. Insulin was determined 
with an AxSym® auto-analyzer (Abbott Diagnostics, Amstelveen, the 
Netherlands). High sensitive crp was determined by nephelometry 
(BNII N; Dade Behring, Marburg, Germany).

Statistical analysis
Normally distributed variables are given as mean ± standard deviation, 
whereas variables with a skewed distribution are given as median [inter-
quartile range]. A two-sided P-value <0.05 indicated statistical signifi-
cance. Hazard ratio’s (hr) were reported with 95% confidence interval 
(hr [95%CI]).
 We decided a priori to perform all analyses in women and men sepa-
rately, because of the large sex difference in muscle mass.17 Initially, we 
made four groups according to standard deviations (sd) of creatinine 
excretion. Creatinine excretion was normally distributed in both women 
and men. The cut-off points for the four groups were: < -1.0 sd, -1.0 to 0.0 
sd, 0.0 to 1.0 sd, and >1.0 sd of creatinine excretion, which were separately 
determined in women and men. Significant differences in characteristics 
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between the four groups were tested with ANOVA for normally distrib-
uted variables, Kruskal-Wallis test for variables with skewed distribution, 
and Chi-square test for categorical variables. A two-sided P-value less 
than P<0.05 indicated statistical significance. Kaplan-Meier curves were 
made according to the four groups of creatinine excretion and a significant 
difference tested with the Log rank test. 
 There are no established cut off points for creatinine excretion and 
analyzing creatinine excretion in groups with any chosen cut-off point is 
arbitrary. Therefore, we analyzed our data using Cox-regression analyses 
with creatinine excretion as a continuous variable. Next to linear asso-
ciations, we also investigated non-linear associations between creatinine 
excretion and mace and mortality because lean body mass was reported 
to have a non-linear association with mortality.18, 19 The non-linear asso-
ciations that we tested included creatinine excretion as a logarithmic 
variable, as quadratic and cubic variable. We also analyzed the association 
between creatinine excretion and outcome using restricted cubic splines 
with 3, 4 and 5 knots with the statistical software package R. Lastly, we 
also performed Cox-regression analyses in which creatinine excretion 
was entered as a dichotomous variable of the top 25% or 20% versus 
bottom 75% or 80% of creatinine excretion. All investigated variables 
did not violate the proportional hazard assumption according to plots of 
Schoenfeld residuals versus time.
 The model with the highest likelihood ratio Chi-square statistic and 
Akaike’s information criterion (AIC = likelihood ratio Chi-square – 2 
x degree of freedom) was chosen because this indicated the best fitting 
model. Finally, all statistics were repeated with creatinine excretion 
adjusted for body surface area. 
 Data analyses were performed with SPSS version 14.0 software (SPSS 
Inc. Chicago IL, USA) and with R version 2.6.1 software (R Development 
Core Team (2005). R: a language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, Austria, www.r-
project.org). 

Results

Characteristics according to 24h urinary creatinine excretion are shown 
in tables 1 (women) and 2 (men). In both woman and men, high creatinine 
excretion was associated with young age, more prevalent Caucasian race, 
low prevalence of a history of cvd, high body weight, height, body sur-
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face area, bmi, and waist circumference. Prevalence of central obesity in 
the group with the highest creatinine excretion in women was 1.8 times, 
and in men 2.7 times higher than in the group with lowest creatinine 
excretion. Non-Caucasian women and men were predominantly of Asian 
origin. Women with low creatinine excretion had higher blood pressure, 
but in men creatinine excretion was not associated with blood pressure. 
Unexpectedly, triglyceride, fasting insulin concentrations and homa were 
positively associated with greater creatinine excretion in both sexes. Also 
unexpectedly, hdl-cholesterol was negatively associated with creatinine 
excretion in both sexes. Crp had a positive association with crp. In men, 
crp was highest in those with lower 24h creatinine excretion, although 
differences were small.
 Creatinine excretion was positively and not negatively associated 
with fasting insulin resistance, as we had anticipated. Consistently, the 
prevalence of the metabolic syndrome increased from 16.1% in women 
and 16.8% in men with the lowest creatinine excretion, to 30.2% in 
women and 22.5% in men with highest creatinine excretion. Prevalence 
of diabetes did not differ across the groups of creatinine excretion in both 
women and men.
 Median (interquartile range) follow-up was 7.5 [7.2-7.9] years for 
women and men. Kaplan Meier curves indicated a significant associa-
tion between creatinine excretion, mace and all cause mortality for both 
women and men (Figure 1).
 We proceeded with Cox-regression analyses to investigate whether 
creatinine excretion is a predictor of mace and all-cause mortality. The 
logarithmic associations indicated the best fit models between creatinine 
excretion and both mace and all cause mortality in women and in men. 
We analyzed the data with a logarithm base 2, thus the hazard ratio’s indi-
cate the risk per doubling of creatinine excretion. 
 In women, the hazard ratio’s for mace and mortality associated with 
a doubling in creatinine excretion increased from 0.28 [0.19-0.41] to 0.52 
[0.32-0.86] and from 0.27 [0.18-0.40] to 0.52 [0.31-0.87] after adjustment 
for age (table 3, Crude vs. model 1). This indicates that approximately 
one-third of the effect of creatinine excretion on mace and mortality is 
explained by its association with age. Subsequent adjustment for smok-
ing, history of cvd and race slightly weakened the association in women 
to hazard ratio’s of 0.60 [0.37-0.98] and 0.65 [0.39-1.07] for mace and 
mortality respectively. Subsequent adjustment for insulin resistance (as 
assessed by fasting insulin or homa) and components of the metabolic 
syndrome did not change the strength of the associations much. In 
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women, a doubling of creatinine excretion independently predicted 56% 
less mace (hr: 0.44 [0.27-0.70], P=0.001) and 44% less mortality (hr: 0.56 
[0.32-0.97], P=0.05) in the final multivariate models (model 4 including 
crp).
 In men, the association was weaker between creatinine excretion and 
mace than in women. Conversely, creatinine excretion had a stronger 
association with mortality in men than in women. In men, a doubling 
in creatinine excretion was borderline associated with approximately a 
20% reduced risk for mace in the final multivariate model (hr: 0.77 [0.55-
1.09], P=0.2 model 4). Creatinine excretion had a significant association 
with mortality after separate adjustment for insulin resistance (as assessed 

 Figure 1 
Kaplan-Meier curves of creatinine excretion in women and men separately 
for MACE and all-cause mortality. 

Significance tested with Log-Rank test.  
For women cut-off points for creatinine excretion were: < -1.0 SD: <7.8 mmol/24h, - 1.0 to 0.0  
SD: 7.8-10.1 mmol/24h, 0.0 to 1.0 SD: 10.1-12.4 mmol/24h, and >1.0 SD:  >12.4 mmol/24h.  
For men cut-off points for creatinine excretion were: < -1.0 SD: <11.2 mmol/24h, -1.0 to 0.0  
SD: 11.2-14.4 mmol/24h, 0.0 to 1.0 SD: 14.4-17.6 mmol/24h, and >1.5 SD:  >17.6 mmol/24h. 
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by fasting insulin or homa) and components of the metabolic syndrome 
(models 2). In the final multivariate model, a doubling in creatinine was 
associated with a 51% reduced risk for mortality (hr: 0.49 [0.35-0.69]< 
P<0.001, model 4 including crp). Finally, all results presented were 
similar with creatinine excretion adjusted for body surface area (data not 
shown).

Discussion

In this study, we found that muscle mass as reflected by 24h creatinine 
excretion predicts development of cvd and all-cause mortality in the 
general population. The association appeared to be entirely independent 
of insulin sensitivity, components of the metabolic syndrome, and a mea-
sure of chronic low-grade inflammation. Thus, it is unlikely that the risk 
associated with low muscle mass is mediated by insulin resistance and/
or components of the metabolic syndrome. We hypothesize that low 
muscle mass in this respect is a surrogate marker of poor general health 
and/or protein-calorie malnutrition.
 To the best of our knowledge, this is the first study to investigate 
the relation between muscle mass as specifically assessed by 24h crea-
tinine excretion and development of cvd. Computerized tomography 
(ct) and magnetic resonance imaging (mri) are considered gold standard 
methods for assessment of muscle mass, but have not yet been applied 
in prospective studies to predict development of cvd.15, 16 Studies with 
anthropometric measurements of midarm and midthigh circumferences 
as estimates of muscle mass found no relation between these measures of 
muscle mass and development of cvd.17, 18 Importantly, this estimation of 
muscle mass includes subcutaneous, intermuscular and intramyocellar 
fat, of which at least the latter two consistently have a positive relation 
with cvd risk factors.19, 20 This could well confound an otherwise exist-
ing inverse association of muscle mass with development of cvd.19, 20  
Furthermore, like ct and mri-measurements, these anthropometric 
measures also include connective, vascular and neural tissues which 
atrophy little with muscle wasting and can lead to underestimation of 
muscle mass, whilst oedema and fatty infiltration in muscle may lead to 
overestimation of muscle mass.21 Thus, although 24h urinary creatinine 
excretion is inevitably subject to collection errors, it is not hampered by 
the above limitations of circumference measurements. This could be a 
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table 1. Characteristics of women in groups  
of standard deviations of creatinine excretion.

Standard deviations of creatinine excretion
<-1.0 SD -1.0 to 0.0 SD 0.0 to 1.0 SD >1.0 SD

Women, n
Creatinine excretion, 
mmol/24h

561
2.2-7.8

1552
7.8-10.1

1354
10.1-12.4

577
12.4-27.8 P-value

Age, years 54±13 51±12 46±11 42±9 <0.001
Race, Caucasian, % 92 96 97 96 0.004
History of CVD, % 4 3 2 1 <0.001
Current smoking, % 41 39 36 35 0.008
Body composition
Weight, kg
Height, m 
Body surface area, m2

BMI, kg/m2

Obesity (BMI>30 kg/m2), %
Waist circumference, cm
Central obesity (>88 cm), %

66±12
1.63±0.07
1.70±0.15
25.0±4.5

13
80 [72-89]

26

69.4±11.1
1.66±0.06
1.76±0.13
25.4±4.2

12
81 [74-90]

28

73±5±11.9
1.68±0.06
1.83±0.13
26.0±4.6

18
81 [74-91]

31

82±15
1.71±0.06
1.93±0.15
28.3±5.7

32
87 [78-98]

46

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Blood pressure
Systolic, mmHg
Diastolic, mmHg

129±25
72±10

125±22
72±9

122±19
70±9

124±17
71±9

<0.001
 0.002

Lipids
HDL cholesterol, mmol/l
Trigylcerides, mmol/l

1.5±0.4
1.1 [0.8-1.5]

1.5±0.4
1.0 [0.8-1.5]

1.5±0.4
1.0 [0.8-1.4]

1.4±0.4
1.1 [0.8-1.5]

0.002
<0.001

Glucose homeostasis
Glucose, mmol/l
HOMA
Fasting insulin, pmol/la

Diabetes, %

4.7±1.2
1.4 [1.0-2.1]
50 [34-70]

3.9

4.7±1.1
1.5 [1.0-2.2]
51 [37-73]

3.2

4.8±1.2
1.6 [1.1-2.4]
54 [39-78]

2.8

4.8±0.9
1.9 [1.3-3.1]
65 [45-98]

3.1

0.4
<0.001
<0.001

0.4
Metabolic syndrome, % 16.1 16.7 23.6 30.2 0.003
Inflammation
CRP, mg/l 1.4 [0.6-3.3] 1.2 [0.6-3.1] 1.3 [0.5-3.1] 1.9 [0.7-4.4] <0.001
Renal function
Serum creatinine, μmol/l
eGFR, ml/min 
UAE, mg/24h

73±12
83±22

7 [5-12]

75±11
88±21

8 [6-14]

77±11
96±22

9 [6-15]

78±10
109±27
10 [7-18]

<0.001
<0.001
<0.001

a) Fasting Insulin was assessed in 493, 1382, 1219, 511 non-diabetic women in the 4 SD groups of creatinine excretion 
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table 1. Characteristics of women in groups  
of standard deviations of creatinine excretion.

Standard deviations of creatinine excretion
<-1.0 SD -1.0 to 0.0 SD 0.0 to 1.0 SD >1.0 SD

Women, n
Creatinine excretion, 
mmol/24h

561
2.2-7.8

1552
7.8-10.1

1354
10.1-12.4

577
12.4-27.8 P-value

Age, years 54±13 51±12 46±11 42±9 <0.001
Race, Caucasian, % 92 96 97 96 0.004
History of CVD, % 4 3 2 1 <0.001
Current smoking, % 41 39 36 35 0.008
Body composition
Weight, kg
Height, m 
Body surface area, m2

BMI, kg/m2

Obesity (BMI>30 kg/m2), %
Waist circumference, cm
Central obesity (>88 cm), %

66±12
1.63±0.07
1.70±0.15
25.0±4.5

13
80 [72-89]

26

69.4±11.1
1.66±0.06
1.76±0.13
25.4±4.2

12
81 [74-90]

28

73±5±11.9
1.68±0.06
1.83±0.13
26.0±4.6

18
81 [74-91]

31

82±15
1.71±0.06
1.93±0.15
28.3±5.7

32
87 [78-98]

46

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Blood pressure
Systolic, mmHg
Diastolic, mmHg

129±25
72±10

125±22
72±9

122±19
70±9

124±17
71±9

<0.001
 0.002

Lipids
HDL cholesterol, mmol/l
Trigylcerides, mmol/l

1.5±0.4
1.1 [0.8-1.5]

1.5±0.4
1.0 [0.8-1.5]

1.5±0.4
1.0 [0.8-1.4]

1.4±0.4
1.1 [0.8-1.5]

0.002
<0.001

Glucose homeostasis
Glucose, mmol/l
HOMA
Fasting insulin, pmol/la

Diabetes, %

4.7±1.2
1.4 [1.0-2.1]
50 [34-70]

3.9

4.7±1.1
1.5 [1.0-2.2]
51 [37-73]

3.2

4.8±1.2
1.6 [1.1-2.4]
54 [39-78]

2.8

4.8±0.9
1.9 [1.3-3.1]
65 [45-98]

3.1

0.4
<0.001
<0.001

0.4
Metabolic syndrome, % 16.1 16.7 23.6 30.2 0.003
Inflammation
CRP, mg/l 1.4 [0.6-3.3] 1.2 [0.6-3.1] 1.3 [0.5-3.1] 1.9 [0.7-4.4] <0.001
Renal function
Serum creatinine, μmol/l
eGFR, ml/min 
UAE, mg/24h

73±12
83±22

7 [5-12]

75±11
88±21

8 [6-14]

77±11
96±22

9 [6-15]

78±10
109±27
10 [7-18]

<0.001
<0.001
<0.001

a) Fasting Insulin was assessed in 493, 1382, 1219, 511 non-diabetic women in the 4 SD groups of creatinine excretion 

respectively.

table 2. Characteristics of men in groups  
of standard deviations of creatinine excretion

Standard deviations of creatinine excretion
<-1.0 SD -1.0 to 0.0 SD 0.0 to 1.0 SD >1.0 SD

Men, n
Creatinine excretion, 
mmol/24h

578
2.5-11.2

1495
11.2-14.4

1402
14.4-17.6

573
17.6-33.1 P-value

Age, years 55±14 53±13 48±12 45±10 <0.001
Race, Caucasian, % 92 95 97 96 <0.001
History of CVD, % 14 9 6 3 <0.001
Current smoking, % 44 39 35 36   0.001
Body composition
Weight, kg
Height, m 
Body surface area, m2

BMI, kg/m2

Obesity (BMI>30 kg/m2), %
Waist circumference, cm
Central obesity (>102 cm), %

77±11
1.76±0.07
1.92±0.15
24.8±3.5

7
91 [83-98]

14

81±10
1.78±0.07
1.98±0.14
25.5±3.1

8
82 [85-99]

16

87±11
1.80±0.07
2.07±0.13
26.7±3.4

16
94 [87-102]

23

97±14
1.83±0.07
2.18±0.16
28.9±4.0

35
99 [92-108]

38

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Blood pressure
Systolic, mmHg
Diastolic, mmHg

135±20
77±10

133±20
77±10

134±17
77±9

134±16
77±10

0.6
0.9

Lipids
HDL cholesterol, mmol/l
Trigylcerides, mmol/l

1.2±0.3
1.2 [0.9-1.8]

1.2±0.3
1.3 [0.9-1.8]

1.1±0.3
1.3 [0.9-2.0]

1.1±0.3
1.4 [1.0-2.1]

<0.001
<0.001

Glucose homeostasis
Glucose, mmol/l
HOMA
Fasting insulin, pmol/la

Diabetes, n (%)

4.9±1.4
1.6 [1.0-2.6]
50 [35-75]

4.7

5.0±1.3
1.7 [1.1-2.6]
54 [38-80]

4.3

5.1±1.2
1.9 [1.3-3.1]
61 [42-91]

3.8

5.1±1.1
2.2 [1.5-3.8]
71 [48-111]

3.8

0.03
<0.001
<0.001

0.3
Metabolic syndrome, % 16.8 16.8 15.7 22.5 <0.001
Inflammation
CRP, mg/l 1.3 [0.6-3.3] 1.3 [0.6-2.8] 1.1 [0.5-2.5] 1.2 [0.6-2.6] 0.02
Renal Function
Serum creatinine, μmol/l
eGFR, ml/min 
UAE, mg/24h

90±18
92±26

8 [5-22]

91±15
98±24

10 [7-23]

92±12
109±24
11 [7-21]

94±11
122±25
13 [9-23]

<0.001
<0.001
<0.001

a) Fasting Insulin was assessed in 476, 1280, 1208, 500 non-diabetic men in the 4 SD groups of creatinine  

excretion respectively.
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table 3. Cox-Regression analyses of log transformed creatinine 
excretion, MACE and mortality in women and men. 

MACE Mortality
Women Hazard Ratio 

[95%CI]
P-value Hazard Ratio 

[95%CI]
P-value

Crude 0.28 [0.19-0.41] <0.001 0.27 [0.18-0.40]] <0.001
Model 1 0.52 [0.32-0.86] 0.01 0.52 [0.31-0.87] 0.01
Model 2 0.60 [0.37-0.98] 0.04 0.65 [0.39-1.07] 0.09
Model 2 + Insulin 0.50 [0.31-0.79] 0.003 0.65 [0.39-1.08] 0.09
Model 2 + HOMA 0.60 [0.37-0.97] 0.04 0.66 [0.40-1.11] 0.1
Model 2 + Components of MS 0.44 [0.28-0.68] <0.001 0.60 [0.36-1.01] 0.06
Model 3 0.44 [0.28-0.68] <0.001 0.61 [0.39-1.04] 0.07
Model 4 0.44 [0.27-0.70] 0.001 0.56 [0.32-0.97] 0.05

Men Hazard Ratio 
[95%CI]

P-value Hazard Ratio 
[95%CI]

P-value

Crude 0.47 [0.36-0.61] <0.001 0.28 [0.22-0.36] <0.001
Model 1 0.84 [0.62-1.15] 0.3 0.49 [0.36-0.67] <0.001
Model 2 0.99 [0.72-1.37] 0.9 0.59 [0.43-0.82] <0.001
Model 2 + Insulin 0.97 [0.71-1.34] 0.8 0.57 [0.42-0.79] 0.001
Model 2 + HOMA 0.98 [0.71-1.34] 0.9 0.59 [0.43-0.81] 0.001
Model 2 + Components of MS 0.78 [0.56-1.09] 0.1 0.53 [0.38-0.75] <0.001
Model 3 0.79 [0.57-1.09] 0.1 0.54 [0.38-0.75] <0.001
Model 4 0.78 [0.56-1.10] 0.2 0.49 [0.35-0.69] <0.001

Crude Model: Only includes creatinine excretion. 

Model 1: Crude Model + age. 

Model 2: Model 1 + Smoking, history of CVD and race. 

Model 3: Model 1 + Insulin and components of the metabolic syndrome as continuous variables (waist circumference, glucose, 

insulin, diabetes, HDL cholesterol, triglycerides and systolic blood pressure)

Model 4: Model 3 + serum creatinine, UAE and CRP.

Hazard ratio’s represent the risk associated with a doubling of creatinine excretion (logarithm with a base 2). Abbreviations: 

homa = Homeostasis Model Assessment, ms = Metabolic Syndrome, uae= Urinary Albumin Excretion, crp = C-reactive 

protein
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reason why we did find a positive association with development of cvd 
whilst other studies did not.17, 22 
 Our results of creatinine excretion and all-cause mortality are in 
accordance with the only study that we could find in the literature.23 

Metter et al23 found in men that creatinine excretion was lower in those 
that died (1516 ± 309 gm/24h = 13.4 ± 2.7 mmol/24h) compared to those 
that did not die (1798 ± 307 gm/24h = 15.9 ± 2.7 mmol/24h). However, 
creatinine excretion was not the primary subject of investigation, instead 
it was one of the factors used in multivariate analyses, nor were non-linear 
associations investigated. Furthermore, a relation between 24h creatinine 
excretion in women or with cvd was not assessed.23 Two Swedish stud-
ies indicated a robust non-linear relation with lean body mass (=fat free 
mass) and all cause mortality.13, 14 However, lean body mass does not only 
include muscle mass, but other body compartments as well (e.g. bones 
and solid organs) and both studies were performed in elderly persons. 
Therefore our analysis of creatinine excretion expands what is currently 
known about muscle mass and all-cause mortality in the general popula-
tion because we included women and men across a wide range of age.
 It was speculated that insulin sensitivity or the metabolic syndrome, 
including low grade inflammation could underlie the relation between 
muscle mass and cvd. Muscles are the most important body compart-
ment utilising glucose through insulin stimulation.4, 5 This notion is also 
apparent when considering the methodology of how insulin resistance 
is measured with the gold standard (hyperinsulinaemic euglycaemic 
clamp). The hyperinsulinaemic euglycaemic clamp namely measures 
total insulin stimulated glucose disposal into peripheral tissue, which is 
predominantly skeletal muscle. Our results indicate that insulin sensitiv-
ity, but also components of the metabolic syndrome do not underlie the 
relation between muscle mass and mace or mortality. Chronic low-grade 
inflammation, also a component of the metabolic syndrome, might be 
surmised to be involved because acute phase proteins have been shown 
to be associated with muscle mass loss24 and to be capable of induction 
of muscle wasting in experimental models.25, 26 However, like for insulin 
sensitivity and other components of the metabolic syndrome, our results 
were independent of concentrations of high sensitivity crp, making 
a relation of low muscle mass with chronic low-grade inflammation 
unlikely to be involved.
 An alternative explantation could be protein-calorie malnutrition. 
Protein-calorie malnutrition leading to muscle wasting is a well-estab-
lished phenomenon in hospitalized patients and specific diseases such 
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as chronic obstructive pulmonary disease, heart failure, liver failure and 
chronic kidney disease.27-29 It could, however, well be true that the same 
association extends into apparently healthy subjects of the general popu-
lation. Subclinical protein-calorie malnutrition in the general population 
could be a marker for biological ageing and subclinical chronic diseases, 
including atherosclerosis, together leading to poorer intake.28 A counter-
part of this could be physical activity, because the same entities that could 
give rise to poor intake may be suspected to lead to low physical activity 
and poorer stimulation of maintenance of muscle mass. This is in line 
with the fact that muscle strength, or function, is a stronger predictor of 
mortality than muscle mass in some studies.30-32 Furthermore, there are a 
multitude of beneficial effects of physical activity, many of them directly 
or indirectly related to a reduction of atherosclerotic risk factors.33, 34  
As such, physical exercise reduces the risk for both coronary heart dis-
ease35 and stroke.36 Thus muscle mass could be an indirect measure of 
physical activity, thereby explaining the results found in this study.
 Counter intuitively, we found that muscle mass was positively asso-
ciated with fasting insulin and (components of) the metabolic syndrome. 
Low insulin concentrations suggest insulin sensitivity, but perhaps low 
insulin concentrations limit insulin stimulated protein uptake. Thus 
low muscle mass could be associated with low insulin concentrations. 
Hypoinsulinaemia in type 1 diabetes is also associated with muscle wast-
ing, a phenomena that could also play a role in the general population. 
Insulin is also an anabolic hormone, thus persons with more muscle mass 
perhaps have higher levels of insulin, which does not necessarily reflect 
insulin resistance. This is important because insulin resistance does not 
only imply resistance to insulin stimulated glucose uptake, but also to 
insulin stimulated protein uptake, which could thus limit muscle mass 
regeneration in insulin resistant subjects.37 Diabetes was not associated 
with lower muscle mass, possibly due to a lower prevalence of (central) 
obesity in those with lower muscle mass. On the other hand, perhaps 
obese persons with sufficient muscle mass for glucose uptake are rela-
tively spared to develop diabetes or cardiovascular disease.
 It could be considered a limitation that we used 24h creatinine excre-
tion as measure of muscle mass instead of what is considered the gold 
standard (ct or mri).15, 16 A specific limitation of using creatinine excre-
tion as measure of muscle mass is that 24h urine collections are prone to 
errors. We, however, thoroughly instructed participants and used two 24h 
collections to increase accuracy. Furthermore, ct and mri-assessment of 
muscle mass rather than 24h creatinine excretion may be confounded 
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by lipids located subcutaneously, between (intermuscularly) and within 
(intramyocellar) myocytes, which are associated with cvd risk factors 
and insulin resistance.19 Ct and mri have only recently been able to dis-
tinguish and measure intermuscular adipose tissue, but intramyocellar 
lipids can only be determined by biopsy or magnetic resonance spectros-
copy, and not by ct or mri.38, 39 Thus even muscle mass as assessed by ct 
or mri scans includes some amounts of lipids which could confound a 
potential inverse association of muscle mass with cvd. Importantly, crea-
tinine excretion is less likely to be affected by lipids in muscle, whether 
they are located intermuscularly or intramyocellarly. 
 In conclusion, this study highlights muscle mass as an important 
body compartment next to well known importance of fat mass as a cvd 
risk factor. Low muscle mass as reflected by low 24h creatinine excretion 
with mace and all-cause mortality in both women and men of the general 
population, independent of insulin sensitivity, components of the meta-
bolic syndrome and inflammation. It may well be due to the association 
with protein-calorie malnutrition or physical exercise that muscle mass 
is related to cvd, but other underlying co morbidities are also possible. 
Unexpectedly muscle mass was positively associated with fasting insulin 
and components of the metabolic syndrome.
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