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Abstract

Background: Growth differentiation factor 15 (GDF-15) is 
an emerging cardiovascular biomarker, and a fully auto-
mated immunoassay has recently become available. The 
objectives of the study were to identify biological and 
lifestyle factors affecting serum GDF-15 concentrations 
and derive robust reference intervals, and to estimate 
GDF-15  within-subject biological variation and derived 
indices.
Methods: A presumably healthy population of 533 ques-
tionnaire-screened adults was used to identify the biologi-
cal and lifestyle determinants of serum GDF-15. Following 
stringent exclusion criteria, a final group of 173 individu-
als was selected to establish GDF-15 reference interval. 
Twenty-six healthy volunteers were enrolled in the bio-
logical variation substudy.
Results: Using a multiple regression model, age, B-type 
natriuretic peptide and C-reactive protein as well as 
smoking status were significantly related to serum GDF-15 
concentrations. The upper reference limit (URL) for serum 

GDF-15 concentrations (90% confidence interval [CI]) was 
866 ng/L (733–999 ng/L), with no sex-related difference. 
Although GDF-15 tended to increase with age, the weak 
dependence of marker from age does not justify age-
related URL. The within-subject CV was 6.3% (95% CI, 
4.5%–8.5%), with no sex difference in intraindividual var-
iances. The reference change value (RCV) for GDF-15 was 
23%, and two are the specimens required to ensure that 
the mean GDF-15 result is within ±10% of the individual’s 
homeostatic set point.
Conclusions: By identifying the main factors influencing 
serum GDF-15 concentrations, we robustly established the 
URL to be applied in adult population. As intraindividual 
variation of GDF-15 is relatively low, monitoring longitu-
dinal changes in its concentrations over time using RCV 
can be a good alternative for interpreting GDF-15 in clinical 
setting.

Keywords: biological variation; growth differentiation 
factor 15; reference limits.

Introduction
Growth differentiation factor 15 (GDF-15) is emerging as a 
valuable prognostic biomarker in both healthy individu-
als and patients with cardiovascular disease, and Roche 
Diagnostics has recently developed a novel automated 
immunoassay for its measurement, which is now avail-
able for clinical use [1]. Of importance, GDF-15 has been 
recently included in the new ABC-bleeding risk score, 
the use of which is recommended in the guidelines of 
the European Society of Cardiology on the management 
of atrial fibrillation (class of recommendation IIa, level 
of evidence B) with its application potentially supporting 
clinical decision making in this setting [2].

GDF-15 is a stress-responsive cytokine expressed and 
secreted into the bloodstream in response to inflammation, 
oxidative stress, hypoxia, telomere erosion and oncogene 
activation. The presence of overt or subclinical cardiovas-
cular disease remains a major driver of GDF-15 synthesis [3]. 
Although unchanged concentrations of GDF-15 in blood are 
associated with longevity, increased GDF-15 levels may be 
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indicative of various pathological conditions [3]. Further-
more, GDF-15 concentrations may vary with age, smoking, 
obesity and renal function status [4–7].

Most clinical studies have been performed in a 
number of diseased or unselected populations [4–15], 
whereas fewer studies evaluated GDF-15 concentrations in 
ostensibly healthy individuals [1, 15, 16]. However, none of 
these studies used stringent selection criteria for enrolling 
subjects, e.g. based on laboratory tests to exclude indi-
viduals with subclinical disease. Proper reference values 
for GDF-15 need therefore to be established in a well-char-
acterized population to facilitate the interpretation of this 
biomarker in clinical practice.

Apart from reference values, a substantial gap exists 
in our understanding of biological variation for this 
analyte, as insufficient and limited research has been 
conducted so far [17]. Knowledge of biological variation 
remains crucial in the correct clinical application of labo-
ratory tests and permits the derivation of important infor-
mation, such as the reference change value (RCV), defined 
as the change needed between two serial test results from 
the same individual to be significantly different, consider-
ing the measurement error [18].

With these premises in mind, our study aimed to 
identify biological and lifestyle factors affecting GDF-15 
to establish robust reference intervals for GDF-15 concen-
trations in serum, and to estimate GDF-15 within-subject 
biological variation and derived indices, using the Roche 
Diagnostics Elecsys GDF-15 assay.

Materials and methods
Evaluation of biological and lifestyle factors affecting 
GDF-15 and derivation of reference intervals

The original study cohort comprised 640  subjects from a number 
of workplaces in Bydgoszcz (Poland), recruited in two periods, 
from March to August 2013 and between July and August 2015. 
Eligible individuals were infection free, had no known active or 
chronic inflammatory disease and were not undergoing treatment 
with immunosuppressive agents, non-steroidal anti-inflammatory 
drugs, steroids or antibiotics, and none was pregnant. All study 
participants gave prior written consent and answered a predefined 
questionnaire before blood sampling. Based on their replies, an ini-
tial screening was applied to the group, resulting in the exclusion 
of 107 individuals on the grounds of having either hypertension, 
diabetes or both.

The remaining 533 presumably healthy individuals (all Cau-
casian, aged 18–70  years) constituted our study population, pre-
viously exploited for similar studies involving cardiac troponin 
I measured with highly sensitive assay (hs-cTnI), galectin-3 and 
midregional proadrenomedullin [19–21]. On this population, a 

second screening, which sought to define a reference group for 
GDF-15, was based on the following laboratory tests and corre-
sponding cutoffs for exclusion (all blood samples were obtained 
in fasting state and collected under standardized conditions): hs-
cTnI (Abbott Architect) >16 ng/L in females and >34 ng/L in males 
[22], B-type natriuretic peptide (BNP) (Abbott Architect) >35 ng/L 
[23], C-reactive protein (CRP) >10 mg/L [24], glycated hemoglobin 
(HbA1c) >42 mmol/mol [25] and estimated glomerular filtration rate 
(eGFR) by the Chronic Kidney Disease-Epidemiology Collabora-
tion equation <90  mL/min/1.73  m2 [26]. Individuals with a body 
mass index (BMI) ≥30 kg/m2 as well as those with total cholesterol 
and triglyceride concentrations in serum ≥6.22 and ≥2.26 mmol/L, 
respectively, were also excluded. Three GDF-15 outlier results (from 
three women with concentrations of 8021, 7764 and 4304 ng/L, 
respectively) were further excluded. We reassessed the concentra-
tions of GDF-15 in all three subjects and obtained the same results 
as those initially reported. Therefore, we do not consider them 
to be analytical outliers. Those subjects did not experience any 
adverse events 30 months after blood sample collection. Finally, a 
well-selected, homogenous group of 173 individuals was obtained 
and used to derive GDF-15 reference intervals.

Estimate of GDF-15 within-subject biological variation

For this part of the study, we recruited 26 apparently healthy Cau-
casian volunteers (13 males and 13 females; ages 23–60 years) from 
the staff members of “Luigi Sacco” University Hospital in Milan 
(Italy). Ostensibly healthy subjects were studied to ensure that 
any GDF-15 fluctuation in serum could truly reflect biology and not 
modifications due to pathological processes. In accordance with 
the Declaration of Helsinki, the design and the execution of the 
experiment were explained thoroughly to the subjects, and written 
informed consents for study participation were obtained. All par-
ticipants were interviewed at the time of the study to confirm that 
they were free of any overt disease, had no history of chronic dis-
ease and were not taking any medication. Other criteria for inclu-
sion were that premenopausal women had regular menstrual cycles 
and were not using hormonal contraceptives. None of the subjects 
consumed substantial (>10 g of ethanol/day) quantities of alco-
hol or smoked. The inclusion criteria also specified that subjects 
should be within 80%–120% of ideal body weight, should have 
eGFR ≥90 mL/min/1.73 m2 and should maintain their usual lifestyle 
throughout the study.

Four venous blood samples from each of the study partici-
pants were collected on the same day, every week for four consecu-
tive weeks, by standard venipuncture using a 20-G straight needle 
between 7:30 and 10:00 a.m., from seated subjects who had overnight 
fasted and had not exercised that morning. Blood draw was per-
formed by the same skilled phlebotomist with minimal stasis directly 
into 4-mL vacuum collection tubes with no anticoagulant and poly-
mer gel for serum separation (Becton Dickinson Vacutainer, ref. no. 
369032). Serum specimens for GDF-15 determination were obtained 
by centrifugation and immediately aliquoted and stored at −80 °C 
until assayed. When all specimens were available, they were thawed, 
mixed, centrifuged and then analyzed in single run in duplicate in 
random order. To further minimizing analytical variation, a single 
analyst performed all measurements using a single lot of reagents 
(no. 32944401).
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Laboratory measurements

Except for CRP and GDF-15, all laboratory test measurements were 
performed on fresh samples (serum, EDTA whole blood and EDTA 
plasma, where needed). HbA1c, BNP, creatinine, total and high-den-
sity lipoprotein cholesterol (HDL-C), triglycerides and hs-cTnI were 
measured on the Abbott Architect ci8200 analyzer using commer-
cially available assays (Abbott Laboratories, Wiesbaden, Germany). 
Low-density lipoprotein cholesterol (LDL-C) concentrations were 
calculated using the Friedewald’s equation, except for subjects with 
triglycerides >2.26 mmol/L, for whom LDL-C was directly measured. 
Measurements of CRP were performed on the Horiba ABX Pentra 400 
analyzer (Horiba ABX, Montpellier, France).

GDF-15  was measured in serum samples aliquoted and stored 
at −80 °C until assayed on the Cobas e801 platform (8000 Modu-
lar analyzer series; Roche Diagnostics, Rotkreuz, Switzerland) 
using the commercially available Elecsys GDF-15 reagents (ref. no. 
07028172190) based on an electrochemiluminescence immunoassay 
principle, with a limit of detection (LOD) of 400 ng/L and a measur-
ing range up to 20,000 ng/L [27]. Assay calibrator (ref. no. 07125941, 
two levels) is prepared by weighing recombinant GDF-15 into equine 
serum. Calibrator uncertainty (expanded by a coverage factor of 2) 
was 1.47% (cal 1: 398 ng/L) and 1.04% (cal 2: 13,000 ng/L). All meas-
urements were performed according to the manufacturer’s recom-
mendations, after checking the system alignment using PreciControl 
Cardiac II level 1 and 2 (ref. no. 04917049190).

Statistical analyses

The Shapiro-Wilk test was used to assess the normality of distribu-
tion for investigated parameters. As none of the continuous vari-
ables showed a Gaussian distribution, results were presented using 
medians alongside interquartile ranges and numbers with corre-
sponding percentages for categorical data. Differences between two 
groups were tested with the Mann–Whitney U-test. The chi-square 
test was used to compare differences among categorical variables. 
Associations between GDF-15 concentrations and other continuous 
variables were analyzed by the Spearman’s rank correlation coef-
ficient. The impact of potential determinants on variation in serum 
GDF-15 concentrations was evaluated with multivariable regression 
analysis. GDF-15 concentrations were logarithmically transformed 
before their inclusion in this analysis to improve their adherence to 
normal distribution. The regression models used in the study, which 
always included HbA1c, BNP and eGFR, were adjusted for age and sex 
together with hyperlipidemia; these followed adjustments for both 
BMI and smoking status. A p-value of <0.05 was considered statisti-
cally significant.

GDF-15 upper reference limit (URL), set at the 97.5th percentile of 
value distribution, together with 90% confidence intervals (CI), was 
derived using a robust method as recommended in the CLSI EP28-A3c 
document [28]. Outlier observations in the analyzed population were 
detected based on the method described by Reed et al. [29].

For estimating GDF-15  within-subject biological variation, we 
followed previously defined protocols [18]. Briefly, before starting 
analysis, the raw data were checked according to the assay LOD (i.e. 
400 ng/L), and if any one result of the entire subject series was unde-
tectable, the corresponding individual was excluded from further 
calculations. Biological and analytical components of variation, 

with corresponding 95% CI, were calculated using CV-ANOVA [30, 
31]. Cochran’s test was performed for outlier identification among 
observations and within-subject variances, whereas Reed’s crite-
rion was used for identification of outliers among mean values of 
subjects [18]. The Shapiro-Wilk test was applied separately to each 
set of normalized residuals for each individual to check data distri-
bution and validate the normality hypothesis. To study the hetero-
geneity of GDF-15 within-subject variation, we estimated the index 
of heterogeneity (IH) that is the ratio of observed CV of the set of 
individual variances (including analytical variance) to the theoreti-
cal CV, which is [2 / (k  −  1)]1/2, where k is the number of specimens 
collected per subject. The SD of the difference between this ratio and 
its expected value of unity (under the hypothesis of no heterogene-
ity of true within-subject variances) is 1/(2k)1/2. A significant heter-
ogeneity is present if the ratio differs from unity by at least twice 
this SD [32]. In this study, with four data sets for each subject, an 
IH <0.707 indicates that the within-subject values are homogene-
ous. Student’s unpaired t-test and F-test were used to compare GDF-
15 means and intraindividual variances between males and females. 
We also estimated RCV by non-parametric method according to 
Røraas et al. [31], the number of specimens that should be collected 
to assess the GDF-15 homeostatic set point of an individual within 
±10% [1.962 (analytical CV2 + within-subject CV2)/100] and analytical 
performance specifications for GDF-15 measurement uncertainty at 
the clinical sample level, according to the approach described by 
Pasqualetti et al. [33].

All statistical analyses were performed using Statistica 13.1 for 
Windows (StatSoft, Tulsa, USA) and MedCalc 18.6 (MedCalc Soft-
ware, Ostend, Belgium).

Compliance with ethical standards

The study was approved by the local Institutional Review Boards 
in accordance with the Declaration of Helsinki and proper ethical 
standards.

Results

Characteristics of the studied population

Baseline characteristics of the study population are pre-
sented in Table 1. Males and females, as well as smokers, 
were equally distributed between the presumably healthy 
population and the reference group. As expected, signifi-
cantly higher values of BNP, HbA1c, total, LDL, non-HDL 
cholesterol, triglycerides and CRP and lower eGFR values 
were found in the whole cohort. Median GDF-15 concen-
trations were higher in the whole population than in the 
reference group, and detectable GDF-15 values (>400 ng/L) 
were found more frequently in the unselected cohort. 
GDF-15 values were significantly higher in individuals 
≥40 years old, with no sex difference (Table 2).
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Biological and lifestyle determinants 
of GDF-15 concentrations in serum

As shown in Table 3, univariate analysis revealed sig-
nificant correlations between GDF-15 and all investigated 
variables. Age showed the highest Spearman’s correlation 
coefficient (0.474). To further examining relationships 
between log-transformed GDF-15 concentrations and other 
variables, which were found to be significantly related to 
GDF-15 concentrations in univariate analysis, we devel-
oped multiple linear regression models (Table 4). In the 

fully adjusted model, only older age, higher concentra-
tions of BNP and CRP as well as current or former smoking 
status contributed to higher GDF-15 concentrations.

Reference values for GDF-15 in serum

Figure 1 displays the distribution of GDF-15 values in 
the reference group. One-third of reference individuals 

Table 1: Baseline characteristics of the study population.

Variable   Presumably healthy 
population (n = 533)

  Reference group 
(n = 173)

  p-Value

Age, years   40 (32–51)  35 (30–41)  <0.0001
Sex (females)   297 (56%)  88 (51%)  0.265
BMI, kg/m2   24.9 (22.0–28.0)  23.7 (21.3–25.9)  <0.0001
GDF-15, ng/L   513 (408–660)  454 (<400–585)  0.0002
GDF-15, <LOD   125 (23%)  57 (33%)  0.013
hs-cTnI, ng/L   2.4 (1.7–3.3)  2.2 (1.5–3.1)  0.086
BNP, ng/L   15 (10–24)  11 (10–18)  0.0001
HbA1c, mmol/mol   35.5 (32.2–38.8)  35.5 (32.0–37.7)  0.015
eGFR, mL/min/1.73 m2   93 (86–103)  99 (94–108)  <0.0001
Total cholesterol, mmol/L   5.15 (4.52–5.97)  4.86 (4.32–5.35)  <0.0001
HDL cholesterol, mmol/L   1.45 (1.22–1.73)  1.40 (1.22–1.71)  0.529
LDL cholesterol, mmol/L   3.13 (2.53–3.83)  2.79 (2.33–3.39)  <0.0001
Non-HDL cholesterol, mmol/L   3.62 (2.97–4.42)  3.28 (2.77–3.80)  <0.0001
Triglycerides, mmol/L   1.08 (0.79–1.63)  0.88 (0.68–1.20)  <0.0001
C-reactive protein, mg/L   0.53 (0.19–1.74)  0.32 (0.11–0.76)  <0.0001
Current or former smoker   191 (36%)  60 (35%)  0.783

Quantitative variables are expressed as medians and 1st–3rd quartile ranges and categorical data as numbers and percentages. GDF-15, 
growth differentiation factor 15; LOD, limit of detection; HbA1c, glycated hemoglobin; hs-cTnI; cardiac troponin I measured with a highly 
sensitive assay; BNP, B-type natriuretic peptide; eGFR, estimated glomerular filtration rate.

Table 2: GDF-15 concentrations in serum of the presumably healthy 
population and of the reference group stratified by sex and age.

n Median (IQR), ng/L Range, ng/L p-Value

Presumably healthy population (n = 533)
 Overall 533 513 (407–660) <400–8021
 Males 236 516 (406–661) <400–1619 0.78 Females 297 509 (409–659) <400–8021
  <40 years 261 440 (<400–561) <400–7764

<0.0001  ≥40 years 272 592 (474–765) <400–8021
Reference group (n = 173)
 Overall 173 454 (<400–585) <400–1348
 Males 85 463 (<400–611) <400–1348 0.36 Females 88 446 (<400–544) <400–864
  <40 years 122 436 (<400–559) <400–941 0.001  ≥40 years 51 513 (423–655) <400–1348

IQR, interquartile range.

Table 3: Spearman’s correlation coefficients (Rs) between GDF-15 
concentrations and age, BMI and evaluated laboratory parameters 
in the whole studied cohort (n = 533).

Variable Rs p-Value

Age 0.474 <0.0001
BMI 0.168 <0.0001
hs-cTnI 0.157 0.0003
BNP 0.169 0.0002
HbA1c 0.191 <0.0001
eGFR −0.286 <0.0001
Total cholesterol, mmol/L 0.160 0.0002
HDL cholesterol, mmol/L −0.114 0.009
LDL cholesterol, mmol/L 0.124 0.004
Non-HDL cholesterol, mmol/L 0.196 <0.0001
Triglycerides, mmol/L 0.334 <0.0001
C-reactive protein, mg/L 0.182 <0.0001

GDF-15, growth differentiation factor 15; LOD, limit of detection; hs-cTnI, 
cardiac troponin I measured with a highly sensitive assay; BNP, B-type 
natriuretic peptide; eGFR, estimated glomerular filtration rate.
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had undetectable GDF-15 concentrations when meas-
ured with the Roche Elecsys assay. This made the lower 
 reference limit impossible to estimate. The overall 
URL for GDF-15 concentrations in serum was 866 ng/L 
(90% CI, 733–999 ng/L). Although the findings of basic 
 statistics identified age as a significant determinant of 
GDF-15 concentrations in serum, the age dependence of 
serum GDF-15 in the studied population, displayed in 
Figure 2, appeared weak and did not justify age-related 
URLs.

GDF-15 within-subject variation

The study involved a collection of 104 blood samples, each 
assayed in duplicate yielding 208 analytical results. Ten 
subjects (six males and four females) (38.5% of total) with 
undetectable GDF-15 concentrations in one or more of their 
samples were excluded from further analysis. This did not 
permit us to estimate the between-subject biological vari-
ation of GDF-15 because it would be surely affected by the 
exclusion of those subjects having the lowest GDF-15 con-
centrations, undetectable by the Roche assay. Therefore, 
from the remaining 16  subjects (seven males and nine 
females), we derived only within-subject biological varia-
tion of GDF-15, which was not expected to be influenced by 
the marker absolute concentration [17]. The power of the 
experimental design used to estimate the within-subject 
biological variation was further evaluated according to 
the approach published by Røraas et al. [34]. Despite the 
exclusion of 10 subjects having undetectable GDF-15 con-
centrations, the study’s power was maximal, having a ratio 
between analytical imprecision and within-subject varia-
tion <1.0 (0.4). No outliers among observations (Cochran’s 
test value, 0.08) and within-subject variances (Cochran’s 
test value, 0.16) were identified, and after visual inspection 
of data, all enrolled subjects were in steady-state condition 
during the study period. The Shapiro-Wilk test accepted 
the hypothesis of normality for the distribution of most 
intraindividual normalized residuals (94%).

Figure 3 shows the individual mean and absolute 
range of GDF-15 values. The average within-subject CV was 

Table 4: Impact of selected variables on log-transformed GDF-15 concentrations in multiple regression analysis in the whole population 
cohort (n = 533).

Regression models (all 
including HbA1c, BNP, eGFR)

  Model characteristics

Model adjusted for age and sexa   R2 = 0.22
  Significant determinants of log-transformed GDF-15 concentrations are age (β = 0.012; p < 0.0001), 

BNP (β = 0.002; p = 0.019), hs-cTnI (β = 0.004; p = 0.034) and C-reactive protein (β = 0.005; p = 0.042)
  Lack of impact: sex, HbA1c and eGFR

Model adjusted for age, sex and 
the presence hyperlipidemiaa

  R2 = 0.20
  Significant determinants of log-transformed GDF-15 concentrations are age (β = 0.012; p < 0.0001) and 

BNP (β = 0.002; p = 0.012)
  Lack of impact: sex, HbA1c, eGFR, hs-cTnI, C-reactive protein and the presence of hyperlipidemia

Model adjusted for age, sex, 
hyperlipidemia, BMI and 
smoking statusa

  R2 = 0.22
  Significant determinants of log-transformed GDF-15 concentrations are age (β = 0.012; p < 0.0001), 

BNP (β = 0.002, p = 0.014), C-reactive protein (β = 0.005; p = 0.040) and smoking (β = 0.168; p < 0.0001)
  Lack of impact: sex, HbA1c, eGFR, hs-cTnI, BMI and the presence of hyperlipidemia

β-Coefficient values refer to a 1-unit increase of the investigated variables, if not otherwise stated. Males and females, smokers (both 
current and former) and non-smokers, and presence or absence of hyperlipidemia were coded as 1 and 0, respectively. ap < 0.0001. GDF-15, 
growth differentiation factor 15; LOD, limit of detection; HbA1c, glycated hemoglobin; hs-cTnI, cardiac troponin I measured with a highly 
sensitive assay; BNP, B-type natriuretic peptide; eGFR, estimated glomerular filtration rate.

Figure 1: Distribution of growth differentiation factor 15 (GDF-15) 
concentrations in serum of reference individuals (n = 173).  
The continuous line indicates the 97.5th percentile limit (866 ng/L), 
and the dashed lines indicate the 90% confidence interval  
(733–999 ng/L).
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6.3% (95% CI, 4.5%–8.5%). There were no differences in 
GDF-15 mean values (624 vs. 605 ng/L, p = 0.35) and intrain-
dividual variances (7.0 vs. 6.0%, p = 2.03, expressed as CV) 
between males and females, respectively. Regarding RCV, 
the value that can be assumed to guide clinical decision 
making when GDF-15 is tested using serial measurements 
is approximately 23%. However, the calculated IH (0.9) did 
not fulfil the homogeneity condition (IH <0.707). Therefore, 
although the RCV documented in this study may be used as 
a basis for GDF-15 clinical use, it appears not ubiquitously 
valid. According to the approach suggested by Fraser and 
Petersen [35], the number of blood specimens that should 
be collected to ensure that the mean marker result is within 
±10% of the individual’s homeostatic set point was two.

Finally, using the information on the within-subject 
variation of the analyte, to be acceptable, the degree of 
expanded uncertainty of GDF-15 measurements for clinical 
laboratory on patient samples should stay within ±3.2%, 
±6.3% or ±9.5% (optimum, desirable or minimum quality 
level, respectively, for imprecision according to Fraser et al. 
[36], expanded by a coverage factor of 2). By combining the 
average imprecision of GDF-15 assay, obtained from dupli-
cate measurements of samples from subjects enrolled in the 
biological variation study (CV = 2.3%) to the standard uncer-
tainty of assay calibrator level 1 (0.74%), an average meas-
urement uncertainty of 4.83% (expanded by a coverage 
factor of 2) of Roche assay at GDF-15 physiological concen-
trations was obtained. Therefore, the measuring system for 
GDF-15 used in this study was able to fulfil the desirable per-
formance specification for measurement uncertainty of this 
biomarker, derived from the biological variation model [37].

Discussion
The main scopes of our study were to identify the princi-
pal factors influencing GDF-15 concentrations in serum to 

Figure 2: A moderate positive association between age and growth differentiation factor 15 (GDF-15) present in the full cohort became week 
in the reference group.
Relationship between serum GDF-15 and age in the (A) full cohort (n = 533) and (B) reference group (n = 173).
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differentiation factor 15 (GDF-15) values in subjects enrolled  
for the evaluation of within-subject variation of the marker.  
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this estimate.
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derive robust reference intervals and to estimate within-
subject variation in well-defined populations. Confirming 
in part results from previous studies [4–15], we identified 
that age, BNP, CRP and smoking status are important bio-
logical and lifestyle factors influencing GDF-15 concen-
trations in serum. Conversely, we found no significant 
differences in GDF-15 concentrations between sexes. We 
may hypothesize therefore that the presence of subclinical 
inflammation may be responsible for higher GDF-15 con-
centrations in smokers or former smokers and individuals 
with increased CRP concentrations. On the other hand, 
impaired endothelial function, higher arterial stiffness, 
greater atherosclerotic plaque burden and left ventricu-
lar dysfunction have been reported to be associated with 
increased circulating GDF-15 levels [3, 7].

Reference limits are considered to be among the most 
important decision support tools in laboratory medicine 
[38]. When properly established, they provide clinicians 
with values usually seen in apparently healthy individu-
als, which may facilitate clinical decision making and 
potentially improving patient outcomes [39]. Importantly, 
the process of establishing reference limits should inte-
grate the selection of appropriate reference individuals, a 
standardized preanalytical phase, identification of outlier 
results, subgroup partitioning, if needed, and the correct 
choice of statistical methods. Our study approach was 
based on predefined selection criteria combined with a 
health questionnaire and laboratory test screening. Exclu-
sion of subjects with abnormal concentrations of surro-
gate biomarkers reduced the eligible presumably healthy 
population to a homogenous reference group, in which 
robust GDF-15 URL was established.

Median GDF-15 reference value observed in our study 
was lower than that recently reported by Wollert et al. [1] 
(454 vs. 680 ng/L), but different, less stringent exclusion 
criteria applied by these authors may have influenced their 
results. For instance, they enrolled individuals with BMI 
up to 35 kg/m2, CRP up to 15 mg/L and serum creatinine 
<0.3  mg/dL above URL, and they did not consider BNP, 
which is evidenced in our study to significantly increase 
GDF-15 concentrations. In other studies, using commu-
nity-dwelling unselected individuals, median GDF-15 con-
centrations were substantially higher (from 897 to 1494 
ng/L) [6, 7, 13, 14, 16]. This was to be expected as none of 
these studies applied surrogate laboratory biomarkers for 
careful selection of a reference population.

Age appeared to influence GDF-15 concentrations in 
our population, but the dependence of marker from age 
was weak and did not justify the definition of age-related 
URLs. It should be noted that GDF-15  starts to mark-
edly increase, doubling in values, in individuals aged 

>70 years, who were not represented in our recruited sub-
jects, and for this age-group, a specific URL is probably 
needed [1]. Indeed, a URL of 1200 ng/L was proposed by 
Kempf et al. [40] for elderly adults, even if some authors 
suggest caution when age-specific reference intervals are 
defined as they may be biased by the inclusion of a sig-
nificant number of “unhealthy” individuals [41]. Closely 
related to the population age is the percentage of refer-
ence individuals with undetectable GDF-15 concentrations 
by Roche assay. As shown in our study, relatively younger 
and more stringently selected individuals show a higher 
percentage of undetectable GDF-15 values (up to 33% in our 
reference group). The results by Wollert et al. [1] obtained 
from an older and relatively less screened population, in 
which only 12% of presumably healthy individuals showed 
values below LOD, support this observation. A relatively 
high LOD for GDF-15  measurement should theoretically 
not influence its clinical application in various subsets 
of patients, as they usually present markedly increased 
GDF-15 concentrations. However, experimental studies 
have shown that GDF-15  may provide protective actions 
and is involved in anti-inflammatory, antiapoptotic and 
antihypertrophic pathways [3]. Accordingly, understand-
ing concentrations of this biomarker at the lower end of 
its reference range may also be of importance, and a rela-
tively high LOD might represent an analytical limitation 
for its potential use in younger and healthier populations.

Despite problems related to the inability of the Roche 
assay to measure GDF-15 concentrations in a portion 
of enrolled subjects, the results of our biological varia-
tion study provide additional and novel information in 
understanding the biological behavior of this biomarker. 
Meijers et  al. previously demonstrated a lack of associa-
tion between the within-subject variability and the GDF-15 
concentrations in blood [17]. This permitted us to obtain 
reliable data about the GDF-15  within-subject variation, 
even if the sensitivity of the Roche assay was not optimal 
to measure marker concentrations in all enrolled subjects. 
Basically, we were unable to confirm previous data, report-
ing an average GDF-15  within-subject variation of 18.9% 
[17]. However, when the Meijer’s paper was scrutinized in 
accord with recently published BIVAC (Biological Variation 
Data Critical Appraisal Checklist) guidelines [42], its score 
should be rated as D (i.e. the lowest quality level) because 
of incomplete data regarding used samples (e.g. timing of 
sample collections). Other quality factors that scored poorly 
(according to BIVAC) were the preanalytical procedures 
(not described), the lack of steady-state and outlier analy-
sis and the inability to calculate CI. Failure to identify and 
consequently remove outliers from a subject’s series may 
result in an overestimation of the within-subject variation, 
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which may explain the marked difference between within-
subject variation estimates obtained in these two studies 
[18, 42]. On the other hand, the performance of the GDF-15 
assay used in the previous evaluation was clearly far from 
acceptability. The authors reported an average imprecision 
on duplicate measurements of 15.2% as CV [17], indicating 
that the expanded measurement uncertainty of the used 
assay on clinical samples was >30%, more than three 
times higher the minimum quality specification we derived 
in the present study (±9.5%).

Some limitations of our study merit consideration. 
First, we conducted a study in a Caucasians cohort of 
moderate size. Therefore, its findings are subject to veri-
fication in larger populations, incorporating other ethnic 
groups. Second, because a considerable proportion of our 
reference population had undetectable GDF-15 concentra-
tions, we were unable to establish a lower reference limit 
for this biomarker. Third, some samples used in our study 
remained stored for >2  years at −80 °C. In its package 
insert, Roche Diagnostics states that samples are stable at 
least 1 year at −20 °C [27]. The stability of GDF-15 for longer 
storage has not been definitively proven, even if previous 
studies on the marker already used samples stored for 
long time in biobanks [5–8, 14]. Finally, we were not able 
to provide data on between-subject biological variation, 
as it could be strongly influenced by the exclusion of sub-
jects showing undetectable GDF-15 concentrations.
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