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blood glucose between 3.9 and 10.0 mmol/L, and Time in 
Target (TIT) defined as blood glucose between 3.9 and 7.8 
mmol/l are very useful as markers for glycaemic control 
[5]. Since type 1 diabetes often develops during childhood, 
children and adolescents affected by the disease sometimes 
already developed complications when reaching adulthood. 
A recently published study showed that to avoid retinopa-
thy that needed laser or intraocular injections and micro-
albuminuria 32 years after diagnosis with type 1 diabetes, 
an HbA1c below 53 mmol/mol and as normal as possible 
should be recommended [6]. However, it seems that other 
factors are related to the development of complications in 
type 1 diabetes. More markers able to identify the risk of 

Introduction

Complications from diabetes mellitus such as retinopathy, 
nephropathy, and neuropathy are related to hyperglycaemia, 
diabetes duration, age, blood pressure, and albuminuria [1, 
2]. Glycosylated haemoglobin (HbA1c) is a good biomarker 
for glycaemic control since it measures average blood glu-
cose level over the recent 2–3 months [3]. Different organi-
zations for diabetes care have varying HbA1c goals, but in 
Sweden the target for optimal glycaemic control is HbA1c 
levels ≤ 48 mmol/mol for children and adolescents with-
out the presence of severe hypoglycaemia or frequent mild 
hypoglycaemia [1, 4]. Besides HbA1c, continuous glucose 
monitoring (CGM) with Time in Range (TIR), defined as 
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complications early, perhaps even before they occur, are 
needed.

Fibroblast growth factor 21 (FGF21) is a peptide hor-
mone that regulates energy homeostasis and is increased in 
ischemic heart disease, type 2 diabetes, insulin resistance, 
and dyslipidaemia where it has been shown to act as a com-
pensatory reaction [7, 8]. Some studies have shown associa-
tions between FGF21 and nephropathy and retinopathy in 
type diabetes [7, 9] whereas another study of elderly patients 
with type 1 diabetes showed no such association [8].

Cystatin C is a non-glycosylated low-molecular-weight 
(13 kDa) protein that is found in nucleated cells without 
specificity for tissue and is independent of age and gender. 
Since it is filtered only by the glomerulus, it is considered 
a good marker for kidney function [10, 11]. It has potential 
as an early marker for diabetes related complications, since 
the association with a decrease in the glomerular filtration 
rate (GFR) and albumin to creatinine ratio (ACR) and pro-
gression to nephropathy in patients with diabetes have been 
shown [12, 13].

Lipocalin-2 is a novel adipokine which has been shown 
to relate to the level of inflammation in diseases and there-
fore linked to obesity and insulin resistance [14] Correla-
tion between lipocalin-2 and vascular endothelial growth 
factor has been found in patients with proliferative diabetes 
retinopathy [15] and to retinopathy in patients with diabetes 
and overweight/obesity [16].

In zinc-dependent proteinase family Matrix metallo-
proteinase (MMP), MMP-9 is the largest molecule and is 
involved in many inflammatory events [17, 18]. Higher lev-
els of MMP-9 have been shown in patients with diabetes and 
increased with diabetes duration [19]. Inhibition of MMP-9 
could have a role in the treatment of retinopathy [20].

Even though there are studies of markers connected to 
complications from diabetes, as mentioned above, they are 
primarily conducted on adults or young adults and not on 
children. Children that develop type 1 diabetes have had the 
disease for a long time when reaching adulthood, and more 
studies are needed on this population.

Aim

The first aim of this study was to investigate plasma levels 
of FGF21, Cystatin C, lipocalin 2 and MMP-9 in children 
and adolescents with different duration of type 1 diabetes. 
The second aim was to study possible correlation to HbA1c 
over time.

Methods

Patients

In this study children and adolescents (up to the age of 18) 
diagnosed with type 1 diabetes at the Paediatric Department 
at Helsingborg Hospital in Sweden were included (n = 244). 
Inclusion criteria was pre-existing type 1 diabetes or onset 
of type 1 diabetes during study time and exclusion criteria 
was age of 19 years or older. Information about the study 
were received both oral and written and for children up to 
15 years of age their parents signed the written consent to 
participate in the study and from the age of 15 the adoles-
cent, as well as their parents, signed the written consent. The 
participation rate was 100% for those who were asked about 
the study at with clinical onset and diagnosis of type 1 dia-
betes. However, four were missed and not asked about the 
study. Among the children and adolescents at the Depart-
ment of Paediatrics with pre-existing type 1 diabetes when 
the study started (n = 166) two choose not to participate. 
For children and adolescents not at onset of type 1 diabetes, 
blood samples were collected once a year at the same time 
as their regular annual blood tests at the Department of Pae-
diatrics at Helsingborg Hospital. After the age of 18 years 
adolescents in Sweden are transferred to the Department 
of Endocrinology and therefore did no longer participate at 
follow-up in this study. Blood was drawn into ethylenedi-
aminetetraacetic acid (EDTA) plasma tubes and centrifuged 
at 2000 x g for 10 min at 20 °C. Plasma was separated from 
blood cells and stored in -80 °C until use.

At time of blood sample collection, the children´s and 
adolescent’s HbA1c age, weight and height were noted. The 
study was in accordance with the declaration of Helsinki 
and approved by the Regional Ethical Review Board in 
Lund, Sweden, Dnr 2006/599, 2013/693 and 2014/822.

Laboratory methods

Soluble levels of Cystatin C, FGF21, lipocalin-2 and MMP-9 
was analysed in patient plasma samples using the automated 
ELISA platform, ELLA™ (Bio-Techne ltd. Abingdon, 
UK). Samples were analysed in triplicates in Simple Plex 
Cartridge kits (Catalogue #SPCKB-PS-000401, SPCKB-
PS-000509, SPCKB-PS-000661 and SPCKB-PS-007569) 
with human controls (Catalogue #898,097, 898,099, 898,175 
and 898,185). Samples and controls were diluted 1:2000, 
1:2, 1:200 and 1:100 for Cystatin C, FGF21, lipocalin-2 and 
MMP-9 respectively using Sample diluent SD13 (Catalogue 
#992,517). Lower limit of quantification (LLOQ) was 2.69 
pg/ml, 8.93 pg/ml, 17.2 pg/ml and 40 pg/ml for Cystatin 
C, FGF21, lipocalin-2 and MMP-9 respectively. IFCC-units 
mmol/mol were used for HbA1c and analyzed in Capillarys 
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TERA Hemoglobin A1c Kits at diagnosis [21] and thereaf-
ter in Alere Afinion AS100 analyzer [22].

Statistical analyses

Normality of continuous data was estimated using the 
D’Agostino-Pearson test prior to statistical analysis. 
Parametric data was presented as mean ± SD, while non-
parametric data was presented as median followed by 
interquartile range. Continuous data was investigated using 
2-way ANOVA or the Kruskal-Wallis H-test based on nor-
mality. Tukay-Kramer or Dunn’s post-hoc analysis applied 
for pairwise comparison of subgroups. For paired analy-
ses, paired samples T-test or the Wilcoxon test for paired 
samples was used. Stepwise multiple regression was used to 
establish predictive strength of soluble proteins and diabetes 
duration. Associations in continuous variables was analysed 
with regression analysis or the Spearman-rank test depend-
ing on normality. The Chi-squared test was used to com-
pare differences in sex between groups. P-values below 0.05 
were considered statistically significant. Statistical analyses 
were performed using MedCalc Statistical Software ver-
sion 19.6 (MedCalc Software Ltd, Ostend, Belgium; https://
www.medcalc.org; 2020).

Results

The diabetes duration for patients with type 1 diabetes 
included in this study was 0–16 years at blood sampling. In 
Table 1 demographic information and biochemical data for 
the study participants are shown. Age and BMI was highest 
among those with diabetes duration > 10 years (p < 0.001), 
There was no significant difference between sex and dia-
betes duration. HbA1c levels were higher in patients with 
a diabetes duration < 5 years (65.0 [50.5–88.5] mmol/mol) 
compared to patients with a diabetes duration of 5–10 years 
(55.0 [50.0–65.0] mmol/mol; P = 0.005), but not in compar-
ison to patients with a diabetes duration > 10 years. Cystatin 
C levels were shown to be elevated in patients with a longer 
diabetes duration (696 [574–794] and 726 [616–795] ng/ml) 
for patients with a duration of 5–10 or > 10 years respectively 
compared to patients with a diabetes duration < 5 years (605 
[522–708] ng/ml; P < 0.001). Statistically significant differ-
ences in lipocalin-2 and MMP-9 could be observed when 
comparing patients with a diabetes duration < 5 years and 
patients with a diabetes duration of 5–10 years (P = 0.008 
for both), but not in comparison to patients with a diabetes 
duration > 10 years. FGF21 could be observed not to differ 
between any of the analysed groups.

HbA1c and Cystatin C levels were inversely corre-
lated for all participants (rs = − 0.23, CI95: −0.35 - −0.10; 
P < 0.001). HbA1c was however positively correlated to 
MMP-9 (rs= 0.26, CI95: 0.13–0.36; P < 0.001), lipocalin-2 
(rs= 0.21, CI95: 0.07–0.34; P = 0.002) and FGF-21 for all 
participants (rs= 0.26, CI95: 0.13–0.38; P < 0.001).

(Figure 1 panel A-D). A stepwise multiple regression 
analysis showed that HbA1c (P < 0.001) and Cystatin C 
(P = 0.03) were associated to the duration of diabetes at 
sampling while MMP-9, lipocalin-2 and FGF21 did not 
reach statistical significance (Table 2).

In a sub-group of patients with type 1 diabetes blood 
was drawn at time of and after diagnosis, with a mean time 
between samplings 1.3 ± 0.5 years (n = 42), the trajectory of 
circulating Cystatin C, MMP-9, lipocalin-2 and FGF21 was 
analysed. Cystatin C was shown to increase from diagnosis 
to follow-up (613 [527–707] ng/ml to 684 [603–743] ng/ml 
respectively; P = 0.002). MMP-9 levels on the other hand 
decreased from diagnosis to follow-up (961 [682–1590] 
ng/ml to 689 [476–1210] ng/ml respectively; P = 0.02). No 
statistically significant difference in lipocalin-2 or FGF21 
could be observed from diagnosis to follow-up.

Table 1 Demographic information and biochemical data for the study 
participants. ANOVA or Kruskal-Wallis H-test was used to compare 
variables between groups. Chi-square was used to investigate differ-
ences in sex

< 5 years 5–10 years > 10 years P-value
N 137 73 34 N/A
Age (years) 11.0 ± 4.5 13.5 ± 2.8 15.2 ± 2.3 < 0.001
BMI (kg/m2) 19.1 ± 4.6 21.0 ± 4.3 22.4 ± 4.2 < 0.001
Sex (m/f) 73/64 46/27 18/16 0.37
Diabetes duration 
(years)

0.0 
[0.0–3.0]

7.0 
[6.0–8.0]

11.0 
[10.0–
13.0]

N/A

HbA1c (mmol/mol) 65.0 
[50.5–
88.5]

55.0 
[50.0–
65.0]

61.0 
[55.5–
67.0]

0.005*

Cystatin C (ng/ml) 605 
[522–708]

696 
[574–794]

726 
[616–795]

< 0.001

Lipocalin-2 (ng/ml) 479 
[313–796]

351 
[259–550]

429 
[266–780]

0.008*

MMP-9 (ng/ml) 1003 
[722–
1530]

823 [502–
1144]

1076 
[760–
1539]

0.008*

FGF21 (pg/ml) 45.7 
[27.6–
81.5]

44.9 
[29.3–
85.9]

54.5 
[35.6–
86.8]

NS

*: Post hoc pairwise analysis of groups using Dunn’s test showed 
differences between the < 5 and 5–10 years’ groups, but not for the 
> 10 years’ group
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children and young adults with type 1 diabetes (= 779) with 
a median age of 16.2 years and median diabetes duration of 
5.3 years, similar results were found. Of all patients, 30.2% 
had more severe kidney dysfunction when Cystatin C was 
used instead of creatinine for eGFR, and a linear correla-
tion was found between Cystatin C and HbA1c levels [25]. 
Unfortunately, we have not measured creatinine in our study 
but there was still an increase in Cystatin C at our follow-up 
time (mean 1.3 years and higher levels after a longer diabe-
tes duration. In Sweden, creatinine is analyzed every year in 
children and young adults with type 1 diabetes as part of a 
clinical control together with some other blood tests. Future 
inclusion of Cystatin C may prove beneficial in elucidating 
patients at increased risk of kidney damage.

Lipocalin-2 has been studied foremost in obese/over-
weight patients and type 2 diabetes showing association 

Discussion

When investigating FGF21, Cystatin C, lipocalin-2, and 
MMP-9 in this study from diagnosis of type 1 diabetes 
over time, Cystatin C showed most promising results with 
increased values from diagnosis to follow-up and inverse 
correlation to HbA1c and duration of diabetes. Renal dis-
ease is one risk factor for premature mortality in diabetes 
[23]. Therefore, it is very important to find trustworthy 
markers that could lead to early detection of kidney dam-
age and possibly earlier intervention. A previous study of 
778 adults (aged 20 or older) investigating Cystatin C com-
pared to creatinine based on eGFR showed that Cystatin 
C was found to reduce kidney function earlier, especially 
in patients with diabetes, indicating it could be used as an 
earlier marker of kidney damage [24]. When investigating 

Table 2 Regression equation for the stepwise multiple regression analysis with diabetes duration as dependable variable. HbA1c and Cystatin C 
remained significantly associated while lipocalin-2, MMP-9 and FGF-21 did not reach statistical significance
Independent variable Coefficient Std error t P-value rpartial rsemipartial

(Constant) 6.2876
HbA1c -0.07001 0.01917 -3.652 < 0.001 -0,2912 0,2841
Cystatin C 0.004734 0.002220 2.132 0.03 0.1749 0,1658
Lipocalin-2* NS
MMP-9* NS
FGF-21* NS
F-ratio 10.6501
Significance level < 0.0001
* Variables which did not reach significance and was removed from the model

Fig. 1 Correlations between HbA1c and soluble proteins investigated 
with the Spearman rank test. A: Inverse correlation to Cystatin C 
(rs = − 0.23, CI95: −0.35 - −0.10; P < 0.001). B-D: Positive correla-

tions to MMP-9 (rs= 0.26, CI95: 0.13–0.36; P < 0.001), lipocalin-2 
(rs= 0.21, CI95: 0.07–0.34; P = 0.002) and FGF-21 (rs= 0.26, CI95: 
0.13–0.38; P < 0.001)
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correlation was found between HbA1c and Cystatin C lev-
els as well as duration of diabetes. Cystatin C may prove 
useful as an adjunct to HbA1c in predicting eventual devel-
opment of diabetic complications.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s40200-
024-01419-1.
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