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INTRODUCTION 
 
Obesity prevalence has increased alarmingly 
threatening the health advances achieved in the last 
decades [1]. Importantly, obesity favors the develop-
ment of comorbidities such as type 2 diabetes mellitus 
(T2D), cardiovascular disease, non-alcoholic fatty liver 
disease and cancer, leading to an increase in morbidity 
and mortality in relation to excess adiposity [1, 2]. 
 
Body mass index (BMI) is the most frequently used tool 
for obesity diagnosis [3], but in spite of its wide use 
BMI is only a surrogate measure of body fatness and 
does not provide an accurate  measure  of  body  compo- 

 

sition [4]. Noteworthy, obesity is defined as an excess 
accumulation of body fat, with the amount of this 
excess fat actually being responsible for most obesity-
associated health risks [5]. A progressive increase in 
body adiposity is one of the features of aging [6]. This 
occurs even in individuals who maintain a constant BMI 
as they become older [7]. The observed discrepancies are 
emphasized after middle age and during the menopause 
in women. These data reflect that changes in body weight 
are not parallel to changes in body composition, with a 
continuous increase in adiposity, as well as a predis-
position to accumulation in the visceral region [8, 9], 
while a decrease in skeletal muscle mass takes place 
associated with an increased risk of disability [10]. 
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ABSTRACT 
 
Growth differentiation factor 11 (GDF11) is a member of the transforming growth factor β (TGFβ) superfamily
which declines with age and exerts anti‐aging regenerative effects in skeletal muscle in mice. However, recent
data in humans and mice are conflicting casting doubts about its true functional actions. The aim of the present
study was to compare the circulating concentrations of GDF11  in  individuals of different ages as well as body
weight and glycemic status. Serum concentrations of GDF11 were measured by ELISA in 319 subjects. There was
a significant increase in GDF11 concentrations in people in the 41‐50 y group and a decline in the elder groups
(61‐70  and  71‐80  y  groups,  P=0.008  for  the  comparison  between  all  age  groups).  However,  no  significant
correlation  between  fat‐free mass  index  (FFMI),  a  formula used  to  estimate  the  amount of muscle mass  in
relation  to  height,  and  logGDF11  was  observed  (r=0.08,  P=0.197). Moreover,  no  significant  differences  in
circulating  concentrations  of  GDF11  regarding  obesity  or  glycemic  status  were  found.  Serum  GDF11
concentrations  in humans decrease  in older ages being unaltered  in obesity and T2D. Further studies should
determine the exact pathophysiological role of GDF11 in aging. 
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The transforming growth factor (TGF)-β superfamily of 
signaling proteins consists of more than 30 members 
exerting pleiotropic functions by using common 
mechanisms of signal transduction [11-13]. In mam-
mals, there are at least 3 subfamilies: TGF-βs, bone 
morphogenetic proteins (BMPs)/growth differentiation 
factors (GDFs) and activins/inhibins [12, 13]. GDF11 is 
expressed in skeletal muscle, heart, intestine, pancreas, 
kidney, developing nervous system, olfactory system, as 
well as in the retina [14]. GDF11 reportedly declines in 
aging mice and promotes skeletal muscle regeneration 
increasing strength and endurance exercise capacity 
[15], at the same time as exerting anti-aging effects in 
heart [16] and brain [17]. However, further studies have 
found opposite results showing that GDF11 may 
produce no effect [18] or even skeletal muscle atrophy 
rather than regeneration [13, 14] or inhibition of skeletal  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

muscle growth [19]. In humans, results regarding 
circulating concentrations of GDF11 are conflicting 
showing a decrease [20], an increase or a trend to an 
increase [21-23], or no change [22, 24] with aging. 
 
We aimed to investigate in humans the relation of 
GDF11 with aging and its possible influence on the 
changes in body composition that take place with aging 
and the potential repercussion on metabolism. We 
studied the circulating concentrations of GDF11 in a 
cohort of subjects with different weight as well as 
glycemic status. 
 
RESULTS 
 
Anthropometric and biochemical characteristics of the 
individuals included in the study are shown in Table 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Demographic and biochemical characteristics of the individuals at enrollment. 

 All Male Female P 

n 319 126 193  

Age, y 50 ± 16 50 ± 17 50 ± 16 0.871 

Weight, kg 98 ± 28 115 ± 27 86 ± 23 <0.001 

BMI, kg/m2 35.1 ± 8.8 37.8 ± 8.3 33.4 ± 8.7 <0.001 

Body fat, %* 44.0 ± 9.6 41.1 ± 8.7 46.0 ± 9.7 <0.001 

FFM, kg* 53.2 ± 12.6 65.6 ± 9.2 45.2 ± 6.7 <0.001 

FFMI, kg/m2* 19.0 ± 3.1 21.6 ± 2.5 17.3 ± 2.1 <0.001 

Waist circumference, cm 111 ± 21 122 ± 18 103 ± 19 <0.001 

SBP, mm Hg 126 ± 18 132 ± 16 122 ± 18 <0.001 

DBP, mm Hg 78 ± 11 82 ± 11 75 ± 9 <0.001 

Glucose, mg/dL 102± 22 108 ± 24 98 ± 20 <0.001 

Insulin, μU/mL 14.9 ± 13.6 18.1 ± 11.5 12.8 ± 14.5 <0.001 

Glucose 2-h OGTT, mg/dL# 154 ± 59 161 ± 56 150 ± 61 0.158 

Insulin 2-h OGTT, mg/dL# 124 ± 79 135 ± 78 117 ± 80 0.087 

HOMA 4.0 ± 4.3 5.2 ± 4.4 3.3 ± 4.0 <0.001 

QUICKI 0.34 ± 0.05 0.32 ± 0.04 0.35 ±0.05 <0.001 

Triglycerides, mg/dL 115 ± 68 134 ± 65 103 ± 67 <0.001 

Cholesterol, mg/dL 194 ± 40 190 ± 46 197 ± 35 0.182 

LDL-cholesterol, mg/dL 117 ± 37 118 ± 43 116 ± 33 0.651 

HDL-cholesterol, mg/dL 54.8 ± 17.1 45.9 ± 10.9 60.7 ± 17.9 <0.001 
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From the whole cohort, 126 (39%) were males and 193 
(61%) were females. We measured serum GDF11 
concentrations in our sample aged between 18 and 79 y. 
Significant differences in GDF11 levels were observed 
when the data were segregated by decades (P=0.008, 
Figure 1A). A significant increase in the 41-50 y group 
was observed. Circulating concentrations of GDF11 
progressively declined thereafter with significant 
decreases observed in the 61-70 and the 71-80 y groups. 
In agreement with this pattern across decades of age, we 
found no linear correlation of GDF11 levels with age 
(r=-0.08; P=0.169), with data following a quadratic 
distribution (Figure 1B). However, we observed a 
significant negative correlation of logGDF11 with age 
(r=-0.16; P=0.005) (Table 2) and when we segregated 
the subjects by being below or over 50 years of age 
GDF11 levels correlated positively (r=0.17 ; P=0.029) 
and negatively (r=-0.16; P=0.041) with age in 
individuals below and over 50, respectively (Figure 
1C). We repeated the analysis with logarithmically 
transformed data to reduce dispersion obtaining an even 
higher P value in the ANOVA (P<0.001, data not 
shown). Moreover, after the removal of the 5 data 
higher than 1.0 ng/mL the differences between groups 
were still significant (P=0.005). Interestingly, without 
those 5 points we found a global negative correlation of 
GDF11 levels with age (r=-0.14, P=0.014, n=314), 
although the correlation taking  into  consideration  only  
those  subjects  with  age  ≥  50 was  marginal  (r=-0.14, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P=0.087, n=159). FFMI, a formula used to estimate the 
amount of muscle mass in relation to height, was 
significantly decreased with age (P<0.001), something 
that was more marked in men than in women 
(P<0.0001) (Figure 2A). However, no significant 
correlation between FFMI and logGDF11 was observed 
(r=0.08, P=0.197) (Figure 2B and Table 2). Since the 
effect of age on FFMI was more evident in males than 
in females, we analyzed the correlation of GDF11 with 
age splitting the sample according to gender. We found 
a significant negative correlation of logGDF11 with age 
in males (r=-0.21, P=0.019) and a marginal one in 
females (r=-0.12, P=0.085). After removing the 5 data 
higher than 1.0 ng/mL both negative correlations were 
significant (r=-0.19, P=0.040 for males and r=-0.15, 
P=0.038 for females). 
 
No significant differences in circulating concentrations 
of GDF11 regarding gender (males 0.129 ± 0.197, 
females 0.124 ± 0.178 ng/mL; P=0.807) were found 
(Figure 3A). The study included 49 lean subjects (7 
males and 42 females) and 228 (109 males and 119 
females) obese individuals classified according to BMI. 
No significant differences in GDF11 levels regarding 
obesity (lean 0.125 ± 0.170, obese 0.135 ± 0.202 
ng/mL; P=0.757) were observed (Figure 3B). All obese 
groups showed  altered  body  fat,  waist  circumference,  
blood pressure, lipid and inflammatory profiles, as well 
as hepatic enzymes as  compared  to  the  lean  group  

Uric acid, mg/dL 5.6 ± 1.7 6.8 ± 1.4 4.7 ± 1.3 <0.001 

CRP, mg/L 7.8 ± 7.9 7.2 ± 8.4 8.2 ± 7.6 0.820 

WBC, 106 cells/mL 6.7 ± 2.0 6.8 ± 1.8 6.6 ± 2.1 0.471 

ALT, U/L 23 ± 15 30 ± 17 19 ± 12 <0.001 

AST, U/L 18 ± 8 20 ± 8 16 ± 7 <0.001 

AST/ALT ratio 0.89 ± 0.32 0.76 ± 0.28 0.98 ± 0.31 <0.001 

γ-GT, U/L 28 ± 32 37 ± 42 22 ± 21 <0.001 

Creatinine, mg/dL 0.82 ± 0.22 0.97 ± 0.21 0.72 ± 0.15 <0.001 

Leptin, ng/mL 34.8 ± 27.7 25.2 ± 16.6 40.7 ± 31.4 <0.001 

Data presented as mean ± SD. *Body composition was available  in 299 subjects  (117 males and 182  females). #OGTTs 
were available in 226 individuals (87 males and 139 females).  
BMI, body mass  index; FFM, fat‐free mass; FFMI, fat‐free mass  index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure;  OGTT,  oral  glucose  tolerance  test;  HOMA,  homeostatic model  of  assessment;  QUICKI,  quantitative  insulin 
sensitivity  check  index; CRP, C‐reactive protein; WBC, white blood  cells; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase;  γ‐GT,  γ‐glutamyltransferase.  Differences  between  groups  were  analyzed  by  two‐tailed  unpaired 
Student’s t tests. CRP concentrations were logarithmically transformed for statistical analysis. 
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(P<0.05 for all) (Table 3). Moreover, the obese groups 
with glucose intolerance or T2D exhibited, as expected, 
increased glucose and insulin levels 2 h after the OGTT 
(P<0.05 for both). Furthermore, the T2D group showed 
higher (P<0.05) waist circumference, SBP and DBP, 
glucose  metabolism  variables,  LDL-C,  uric  acid  and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
hepatic enzymes, than the other groups. Noteworthy, 
circulating concentrations of GDF11 were unchanged 
regarding glycemic status [LN-NG (n=40) 0.138 ± 
0.183, OB-NG (n=93) 0.128 ± 0.136, OB-IGT (n=46) 
0.145 ± 0.276, OB-T2D (n=47) 0.162 ± 0.251 ng/mL; 
P=0.834]  as  depicted  in  Figure 3C.  We  repeated  the  

Figure 1. Effect of aging on serum GDF11 concentrations. (A) Comparison of serum GDF11 in the whole sample aged
between 18 and 79 y segregated by decades (≤30 y, n=53), (31‐40 y, n=54), (41‐50 y, n=51), (51‐60 y, n=54), (61‐70 y, n=59),
(71‐80  y,  n=48).  Box  represents  interquartile  range  and median  inside, with whiskers  plotted  according  to  the  Tukey
method. Statistical differences between groups were analyzed by one‐way ANOVA followed by Fisher’s LSD tests. *P<0.05,
**P<0.01 and ***P<0.001. (B) Scatter diagram showing the relationship between circulating concentrations of GDF11 and
age. Pearson’s  correlation  coefficient  and P  value  are  indicated.  The quadratic  line of  adjustment of data  is  shown.  (C)
Scatter diagrams showing the correlation between circulating concentrations of GDF11 and age in the subjects segregated
by being below (left) or over (right) 50 years of age. Pearson’s correlation coefficients and P values are indicated. 
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Table 2. Univariate analysis of the correlation between GDF11 and other variables, unadjusted and after 
adjusting for age. 
 Serum logGDF11 

Unadjusted correlation Adjusted correlation 

Variable r P value r P value 

Sex 0.01 0.810 0.01 0.828 

Age -0.16 0.005 — — 

Weight 0.11 0.059 0.08 0.168 

BMI 0.12 0.040 0.11 0.053 

Body fat 0.07 0.189 0.09 0.096 

FFM 0.06 0.308 0.02 0.769 

FFMI 0.08 0.197 0.06 0.347 

Waist circumference 0.10 0.076 0.11 0.055 

SBP 0.01 0.902 0.06 0.330 

DBP 0.04 0.452 0.06 0.304 

Glucose 0.01 0.923 0.04 0.461 

Insulin 0.08 0.160 0.09 0.142 

Glucose 2-h OGTT 0.02 0.776 0.05 0.425 

Insulin 2-h OGTT -0.06 0.360 -0.03 0.659 

HOMA 0.08 0.193 0.08 0.152 

QUICKI -0.04 0.484 -0.07 0.243 

Triglycerides 0.03 0.578 0.05 0.437 

Cholesterol 0.06 0.315 0.08 0.178 

LDL-cholesterol 0.07 0.252 0.08 0.184 

HDL-cholesterol -0.04 0.466 -0.03 0.604 

Uric acid 0.01 0.823 0.01 0.824 

logCRP 0.13 0.106 0.12 0.144 

WBC -0.02 0.744 -0.03 0.658 

ALT 0.09 0.130 0.07 0.197 

AST -0.01 0.812 -0.01 0.887 

AST/ALT ratio -0.12 0.044 -0.10 0.084 

γ-GT -0.01 0.846 0.01 0.922 

Creatinine 0.05 0.387 0.08 0.182 

Leptin 0.11 0.076 0.11 0.062 
Values are Pearson’s correlation coefficients and associated P values. CRP concentrations were logarithmically transformed for 
statistical analysis. BMI, body mass  index; FFM,  fat‐free mass; FFMI,  fat‐free mass  index; SBP, systolic blood pressure; DBP, 
diastolic  blood  pressure; OGTT,  oral  glucose  tolerance  test;  HOMA,  homeostatic model  assessment; QUICKI,  quantitative 
insulin sensitivity check index; CRP, C‐reactive protein; WBC, white blood cells; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; γ‐GT, γ‐glutamyltransferase. For correlation with gender, male=1 and female=2 was used. 
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analysis regarding gender, obesity and T2D segregating 
the subjects by being below or over 50 years of age 
finding similar results (data not shown). Interestingly, 
circulating concentrations of GDF11 showed a slight 
correlation with BMI (r=0.12, P=0.040) that was lost 
after adjustment by age (r=0.11, P=0.053). We found no 
correlation with any other anthropometric variable 
including body fat percentage (r=0.07, P=0.189), waist 
circumference (r=0.10, P=0.076), FFM (r=0.06, 
P=0.308) or FFMI (r=0.08, P=0.197) (Table 2). Finally, 
we found a significant negative correlation of GDF11 
levels with the AST/ALT ratio (r=-0.12, P=0.044) that 
was lost after adjustment by age (r=-0.10, P=0.084). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 
The main findings of the present study are that 1) serum 
concentrations of GDF11 peaks at 41-50 y of age prog-
ressively declining thereafter with significant decreases 
observed in the 61-70 and the 71-80 y groups, although 
this decline seems to have no translation in a reduced 
FFM; and 2) GDF11 levels showed no gender dimor-
phism and were unchanged due to obesity or glycemic 
status. 
 
GDF11 has been shown to decline with aging in mice 
[15, 16, 25, 26] and other species [25].  In  humans, data  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Correlation of GDF11  levels with  FFMI. (A)  Comparison  of  fat‐free mass  index  (FFMI)  in  the whole  sample  aged
between 18 and 79 y segregated by gender (males in grey and females in white) and decades (≤30 y, males n=18, females n=31), (31‐
40 y, males n=20, females n=34), (41‐50 y, males n=24, females n=27), (51‐60 y, males n=21, females n=33), (61‐70 y, males n=14,
females n=35),  (71‐80 y, males n=20,  females n=22). Box  represents  interquartile  range and median  inside, with whiskers plotted
according to the Tukey method. Statistical differences between groups were analyzed by two‐way ANOVA. (B) Scatter diagram show‐
ing the relationship between circulating concentrations of GDF11 and FFMI. Pearson’s correlation coefficient and P value are indicated. 
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Table 3. Demographic and biochemical characteristics of the study sample classified according to obesity and 
glycemic status. 

 LN-NG OB-NG OB-IGT OB-T2D P 

n 40 93 46 47 

Sex, M/F 7/33 37/56 21/25 22/25 0.020 

Age, y 44 ± 15 49 ± 15 50 ± 16 51 ± 11 0.121 

Weight, kg 66 ± 9 109 ± 27* 100 ± 23* 117 ± 27*‡ <0.001 

BMI, kg/m2 23.6 ± 1.1 39.2 ± 7.8* 36.8 ± 6.5* 42.0 ± 7.7*†‡ <0.001 

Body fat, % 29.8 ± 6.3 48.6 ± 7.3* 47.2± 6.2* 49.3 ± 7.7* <0.001 

FFM, kg 47.0 ± 9.4 55.0 ± 12.6* 52.9± 12.8* 57.9 ± 13.4* <0.001 

FFMI, kg/m2 16.6 ± 1.7 19.8 ± 2.9* 19.3 ± 3.1* 20.8 ± 2.8*†‡ <0.001 

Waist circumference, cm 84 ± 8 119 ± 17* 115 ± 16* 126 ± 16*†‡ <0.001 

SBP, mm Hg 114 ± 18 127 ± 17* 125 ± 13* 134 ± 16*†‡ <0.001 

DBP, mm Hg 69 ± 7 80 ± 10* 77 ± 8* 83 ± 12*‡ <0.001 

Glucose, mg/dL 89 ± 15 95 ± 10* 101 ± 11*† 120± 22*†‡ <0.001 

Insulin, μU/mL 4.6 ± 3.6 13.8 ± 9.1* 16.7 ± 12.0* 25.0 ± 21.8*†‡ <0.001 

Glucose 2 h OGTT, mg/dL 94 ± 25 113 ± 18* 164 ± 18*† 245 ± 38*†‡ <0.001

Insulin 2 h OGTT, mg/dL 56 ± 17 95 ± 64 160 ± 77*† 167 ± 77*† <0.001
HOMA 1.0 ± 0.9 3.3 ± 2.2* 4.3 ± 3.2* 7.4 ± 6.5*†‡ <0.001 

QUICKI 0.40 ± 0.05 0.33 ± 0.04* 0.33 ± 0.04* 0.30 ± 0.03*†‡ <0.001 

Triglycerides, mg/dL 68 ± 29 111 ± 56* 118 ± 46* 149 ± 60*†‡ <0.001 

Cholesterol, mg/dL 180 ± 34 199 ± 39* 204 ± 44* 200 ± 33* 0.017 

LDL-cholesterol, mg/dL 96 ± 30 124 ± 35* 126 ± 42* 125 ± 32* <0.001 

HDL-cholesterol, mg/dL 70 ± 17 53 ± 16* 56 ± 21* 45 ± 11*†‡ <0.001 

Uric acid, mg/dL 4.0 ± 1.4 5.7 ± 1.4* 5.8 ± 1.7* 6.6 ± 1.8*†‡ <0.001 

CRP, mg/L 1.6 ± 3.3 9.8 ± 8.4* 7.4 ± 6.5* 10.1 ± 10.0* <0.001 

WBC, 106 cells/mL 5.3 ± 1.2 6.8 ± 2.0* 6.5 ± 1.3* 8.1 ± 2.6*†‡ <0.001

ALT, U/L 18 ± 10 22 ± 16 24 ± 12 33 ± 20*†‡ <0.001 

AST, U/L 18 ± 8 17 ± 7 17 ± 7 21 ± 10†‡ 0.042 

AST/ALT ratio 1.10 ± 0.27 0.89 ± 0.32* 0.77 ± 0.19*† 0.73 ± 0.27*† <0.001 

γ-GT, U/L 16 ± 14 29 ± 40* 26 ± 17 44 ± 30*†‡ <0.001 

Creatinine, mg/dL 0.74 ± 0.13 0.82 ± 0.20 0.84 ± 0.25 0.83 ± 0.21 0.093 

Leptin, ng/mL 12.5 ± 20.3 44.4 ± 26.0* 43.0 ± 32.5* 42.7 ± 30.3* <0.001 
Data presented as mean ± SD. Individuals were matched by age and sex in the whole sample, and by body fat in the obese groups. BMI, 
body mass index; FFM, fat‐free mass; FFMI, fat‐free mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; OGTT, oral 
glucose  tolerance  test; HOMA,  homeostatic model  assessment; QUICKI,  quantitative  insulin  sensitivity  check  index;  CRP,  C‐reactive 
protein;  WBC,  white  blood  cells;  ALT,  alanine  aminotransferase;  AST,  aspartate  aminotransferase;  γ‐GT,  γ‐glutamyltransferase. 
Differences between groups were analyzed by ANOVA followed by LSD tests. *P<0.05 vs LN‐NG, †P<0.05 vs OB‐NG and ‡P<0.05 vs OB‐IGT. 
Differences in gender distribution were analyzed by χ2 analysis. CRP concentrations were logarithmically transformed for statistical analysis. 



www.aging‐us.com  1740  AGING 

regarding circulating levels of GDF11 are conflicting 
showing a decrease [20, 27, 28], an increase or a trend 
towards an increase [21-23, 29] or no change [22, 24, 
28] with aging. In the present study, the decline in 
serum GDF11 levels observed in older age was 
independent of gender and we did not observe differen-
ces between genders in GDF11 levels in agreement with 
previous studies in mice [26] and humans [20]. The 
curvilinear relationship of circulating GDF11 con-
centrations with age suggests that there is a deficit in 
GDF11 actions at middle age that is compensated by a 
hypersecretion that fails at advanced ages, above the 
60’s. Further larger mechanistic studies will prove 
whether or not there is a decline with aging in humans 
and the exact physiological functions in which 
circulating GDF11 is involved in. GDF11 has been 
reported to exert anti-aging effects promoting skeletal 
muscle [15], heart [16] and brain [17] regeneration in 
mice. However, other studies have shown opposite 
results suggesting that GDF11 may produce no effect 
[18] or skeletal muscle atrophy rather than regeneration 
[13, 14]. Interestingly, a recent study has shown no 
relationship of GDF11 with skeletal muscle strength in 
humans [23]. Moreover, a previous work suggests that 
high GDF11 levels predict longer life span [26], while 
another study reported that GDF11 administration does 
not extend lifespan in a mouse model of premature 
aging [30]. In the present study we found no relation-
ship between circulating concentrations of GDF11 and 
FFM or FFMI in a group of subject encompassing 
people from ages between 18 and 79 y pointing out to a 
lack of effect of GDF11 in the regulation of skeletal 
muscle mass in humans. However, a previous study has 
shown that individuals with higher GDF11 are more 
likely to exhibit frailty, but skeletal muscle mass in that 
study was not measured and the influence of other 
factors in the presence of frailty in addition to 
sarcopenia cannot be discarded [24]. 
 
Aging is characterized by a progressive increase in body 
adiposity that may be concomitantly accompanied by a 
decrease in muscle mass associated with an increased 
risk of morbidity and mortality [6, 10, 31]. In the 
present study we did not observe differences in serum 
GDF11 concentrations in obese subjects as compared to 
lean ones, or a clear correlation of GDF11 levels with 
BMI or body adiposity. This is to our knowledge the 
first study analyzing the levels of GDF11 in obesity. In 
a previous study, no significant differences in BMI were 
observed in a smaller sample of subjects segregated by 
serum GDF11 tertiles [24]. Another study has reported 
slight but significantly lower levels of GDF11/8 in 
overweight individuals [27]. Interestingly, it has been 
reported that serum GDF11/8 levels [27] and GDF11 
expression in skeletal muscle [32] are decreased in mice 
fed a high-fat diet and that exogenously administered 

GDF11 reduces body weight in both young and old 
mice [25]. Larger and intervention studies are needed to 
fully clarify whether GDF11 may play a role in weight 
and adiposity regulation in humans. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Effect of gender, obesity and type 2 diabetes on
GDF11 levels. (A) Comparison of serum GDF11 concentrations
between  males  (n=126)  and  females  (n=193).  Statistical
difference was analyzed by two‐tailed unpaired Student’s t test.
(B)  Comparison  of  serum GDF11  concentrations  between  lean
(n=49) and obese  (n=228)  individuals. Statistical difference was
analyzed  by  two‐tailed  unpaired  Student’s  t  test.  (C)  Serum
GDF11 concentrations in the lean normoglycemic (LN‐NG, n=40),
obese  normoglycemic  (OB‐NG,  n=93),  obese  with  impaired
glucose  tolerance  (OB‐IGT,  n=46),  and  obese  with  type  2
diabetes (OB‐T2D, n=47) groups of the whole sample. Statistical
differences between groups were analyzed by one‐way ANOVA.
For the three figures, box represents  interquartile range and me‐
dian inside, with whiskers plotted according to the Tukey method.
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We analyzed the levels of serum GDF11 in obese 
subjects with different glycemic status to study whether 
GDF11 may be involved in IGT and T2D. No sig-
nificant differences in obese patients with IGT or T2D 
as compared to obese or lean normoglycemic subjects 
were observed. A previous study analyzing the levels of 
GDF11 in human T2D found increased levels of GDF11 
only in T2D patients with cardiovascular disease, but 
not in T2D patients free of cardiovascular problems 
[28]. Contrary to our results, another report showed that 
increased circulating GDF11 was detected in a greater 
proportion of subjects with diabetes [24]. It has been 
reported that incubation with GDF11 does not 
ameliorate palmitate-induced insulin resistance in 
murine myotubes [32]. On the other hand, it has been 
reported that adeno-associated viruses-GDF11 improve 
glucose tolerance in apoE-/- mice, which could be in 
relation to the endothelium-protective and antiathero-
sclerotic effects of GDF11 [27]. Moreover, exogenous 
GDF11 attenuates the development of T2D in mice 
through the improvement of β-cell function and survival 
via the activation of TGF-β/Smad2 and PI3K-AKT-
FoxO1 [33]. Intervention and genetic studies analyzing 
the direct effect of GDF11 or the effect of genetic 
alterations in the GDF11 locus will help to clarify the 
exact role of GDF11 in glucose homeostasis in 
humans. 
 
We observed a general lack of correlation for GDF11 
with the anthropometric and metabolic variables 
studied with the exception of age, BMI, and the 
AST/ALT ratio (Table 2). The association of cir-
culating concentrations of GDF11 with the AST/ALT 
ratio suggests that this factor may be involved in the 
development of non-alcoholic fatty liver disease. 
Further studies aimed to assess the role of GDF11 in 
hepatic lipid accumulation will clarify this finding. 
 
Some potential limitations of our study should be 
pointed out. First, our study was conducted in Cau-
casian subjects and it would need to be determined 
whether our findings regarding GDF11 levels extend to 
other populations. Second, we did not measure skeletal 
muscle mass directly and used instead FFM and FFMI. 
Future studies measuring skeletal muscle mass directly 
may shed more light on the role of GDF11 in skeletal 
muscle regulation. 
 
In conclusion, our results show that circulating 
concentrations of GDF11 are decreased in elderly 
subjects (over 60 y) without apparent influence on 
FFM. Moreover, GDF11 levels are not modified in 
obesity or T2D. Further studies modulating GDF11 
levels and activity will undoubtedly help to elucidate 
the exact role of GDF11 in aging and whether it plays 
a role in skeletal muscle mass regulation in humans. 

MATERIALS AND METHODS 
 
Study population 
 
We conducted a cross-sectional analysis of 319 patients 
(126 men and 193 women) aged 18-79 years, with 
similar socio-economical characteristics, including 
patients visiting the Department of Endocrinology and 
Nutrition of the Clínica Universidad de Navarra 
(Pamplona, Spain) for weight loss treatment as well as 
hospital and University staff undergoing an annual 
routine health check-up. Normal weight was considered 
as having a body mass index (BMI)<25 kg/m2, while 
obesity was defined as having a BMI≥30 kg/m2 
following the World Health Organization criteria [4]. 
Subjects were additionally classified as having 
normoglycemia (NG), impaired glucose tolerance (IGT) 
or type 2 diabetes (T2D) following the criteria of the 
American Diabetes Association [34] based on plasma 
glucose 2 h after an oral glucose tolerance test (OGTT) 
in the 226 individuals with an available OGTT. Glucose 
intolerance or T2D was of recent-onset being diagnosed 
after the OGTT and, therefore, participants were not on 
antidiabetic medication or insulin therapy. Participants 
underwent a clinical assessment including medical 
history, physical examination, body composition 
analysis and comorbidity evaluation performed by a 
multidisciplinary consultation team. Individuals with 
signs of infection were excluded. The experimental 
design was approved by the Research Ethics Committee 
of the University of Navarra (protocol 2017.121) and 
the study was performed in accordance with the ethical 
standards as laid down in the Declaration of Helsinki 
and its later amendments. Volunteers gave their written 
informed consent to participate in the study. 
 
Anthropometry 
 
The anthropometric and body composition 
determinations as well as the blood extraction were 
performed on a single day. Height was measured to the 
nearest 0.1 cm with a Holtain stadiometer (Holtain Ltd., 
Crymych, UK), while body weight was measured with a 
calibrated electronic scale to the nearest 0.1 kg with 
subjects wearing a swimming suit and cap. BMI was 
calculated as weight in kg divided by the square of 
height in meters. Waist circumference was measured at 
the midpoint between the iliac crest and the rib cage on 
the midaxillary line. Blood pressure was measured after 
a 5-minute rest in the semi-sitting position with a 
sphygmomanometer. Blood pressure was determined at 
least 3 times at the right upper arm and the mean was 
used in the analyses. Body density was estimated by air 
displacement plethysmography (Bod-Pod®, Life 
Measurements, Concord, CA). Percentage of body fat 
was estimated from body density using the Siri equation 
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as previously described [4]. Fat-free mass (FFM) index 
(FFMI) was calculated as FFM in kg divided by the 
square of height in meters [35]. Twenty subjects out of 
319 had missing body composition analysis. 
 
Blood biochemistry 
 
Blood samples were collected after an overnight fast in 
the morning in order to avoid potential confounding 
influences due to hormonal rhythmicity. Plasma glucose 
was analyzed by an automated analyzer (Roche/Hitachi 
Modular P800) as previously described [36]. Insulin 
was measured by means of enzyme-amplified chemi-
luminescence assay (Immulite 2000, Siemens AG, 
Erlangen, Germany). Indirect measures of insulin 
resistance and insulin sensitivity were calculated by 
using the homeostatic model assessment (HOMA) and 
the quantitative insulin sensitivity check index 
(QUICKI), respectively. Total cholesterol and trigly-
ceride concentrations were determined by enzymatic 
spectrophotometric methods (Roche, Basel, Switzer-
land). Serum HDL-C was quantified by a colorimetric 
method in a Beckman Synchron® CX analyzer 
(Beckman Instruments, Ltd., Bucks, UK). Low-density 
lipoprotein (LDL-C) was calculated by the Friedewald 
formula. High-sensitivity C-reactive protein (CRP) was 
measured using the Tina-quant CRP (Latex) 
ultrasensitive assay (Roche). White blood cell (WBC) 
count was measured using an automated cell counter 
(Beckman Coulter, Fullerton, CA). Uric acid, alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), γ-glutamyltransferase (γ-GT), and creatinine 
were measured by enzymatic tests (Roche) in an 
automated analyzer (Roche/Hitachi Modular P800). The 
AST/ALT ratio was calculated as an indirect indicator 
of hepatic steatosis and fatty liver disease [37]. Leptin 
levels were quantified by a double-antibody RIA 
method (Linco Research, Inc., St. Charles, MO) as 
previously described [38, 39]; intra-and inter-assay 
coefficients of variation were 5.0% and 4.5%, res-
pectively. Serum GDF11 concentrations were 
determined using a validated ELISA kit (Human 
GDF11 ELISA kit, E01G0124, BlueGene Biotech, 
Shanghai, China) with intra-and inter-assay coefficients 
of variation being 5.5% and 7.8%, respectively. 
According to the manufacturer, no cross reactivity has 
been observed with any other analogue. 
 
Statistical analysis 
 
Data are presented as mean ± SD unless otherwise 
indicated. Differences between groups were analyzed by 
one-way ANOVA followed by Fisher’s LSD tests or 
two-tailed unpaired Student’s t tests, as appropriate. 
Correlations between two variables were computed by 
Pearson’s correlation coefficients (r). The calculations 

were performed using SPSS 23 (SPSS, Chicago, IL) and 
GraphPad Prism 6 (GraphPad Software, Inc., La Jolla, 
CA). A P value lower than 0.05 was considered 
statistically significant. 
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