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Abstract
Objectives To compare high sensitivity C-reactive protein (hsCRP) levels in children with type 1 diabetes,
healthy controls, and children with obesity. Additionally, we aimed to analyze the association between
hsCRP levels and glycemic control measured by glycohemoglobin A (HbA1c) and anthropometric and
biochemical variables.

Methods We conducted a non-randomized descriptive study of children with type 1 diabetes matched for
sex and age with a control group and group with obesity. We recorded anthropometric parameters and
studied variables related to diabetes, blood pressure, lipid pro�le, and HbA1c. HsCRP was measured by
ELISA.

Results We included 49 children with type 1 diabetes, 46 controls, and 40 children with obesity. hsCRP
levels were signi�cantly higher in the group with type 1 diabetes compared to controls and nearly
signi�cantly lower than in the group comprising children with obesity. We found no correlation between
hsCRP and HbA1C and characteristics of type 1 diabetes with the exception of albuminin creatinine ratio
(ACR). Statistically signi�cant association was found between hsCRP and BMI and waist circumference
Z-score.

Conclusions Children with type 1 diabetes have a higher hsCRP than healthy subjects; this difference is
not associated with HbA1c, but is related to waist circumference, BMI, and ACR. Obesity prevention
should be a priority when performing follow-up in children with type 1 diabetes.

Background
Although cardiovascular disease (CVD) has been traditionally linked to type 2 diabetes, it is also the most
important cause of morbidity and mortality among patients with type 1 diabetes1. Data from large
epidemiologic studies worldwide indicate that the incidence of type 1 Diabetes has been increasing by 2–
5% worldwide 2, and coronary disease is 2 to 10 times more prevalent among patients with type 1
diabetes compared to non-diabetic subjects3.

Some reports conclude that glycemic control measures obtained using glycosylated hemoglobin A1c
(HbA1c) could point to a primary risk factor for atherosclerosis in type 1 diabetes4,5. However, even
though the Diabetes Control and Complications Trial (DCCT) found that higher levels of HbA1c were
associated with micro-and macrovascular complications, hyperglycemia does not fully explain the
elevated risk of cardiovascular disease5,6. Data on the relationship between HbA1c and cardiovascular
complications are weak, as large clinical trials and epidemiological cohort studies in adults have had
con�icting results. In addition, long-term studies in children are lacking3. As a result, the study of
additional markers that could play a role in the elevated cardiovascular risk and in the in�ammatory
process and endothelial dysfunction observed in early childhood merits further investigation4,6. Moreover,
recent studies have demonstrated a relationship between acute hypoglycemia and indexes of systemic
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in�ammation1,7. These studies suggest that hyperglycemia as well as acute hypoglycemia produce
complex vascular effects involved in the activation of proin�ammatory mechanisms in type 1 diabetes1,3.

High sensitivity C-reactive protein (hsCRP) is a well-known independent in�ammation marker involved in
the pathogenesis of atherosclerosis. This protein is increased in patients with coronary artery disease6,8.
Furthermore, because of its precision, accuracy, and standardization, hsCRP is considered one of the best
in�ammation markers in clinical practice9.

Changes in weight can modify hsCRP concentrations in children with type 1 diabetes, and these changes
have important implications for clinical practice4. hsCRP is considered an important link between
atherosclerosis, cardiovascular disease, and insulin resistance8,10. Several studies have identi�ed higher
levels of hsCRP as a risk factor for cardiovascular events in children with obesity11, adults with type 1
and type 2 diabetes8,12−14,and for the progression of diabetes complications15,16.

Despite this evidence, hsCRP has been poorly studied in children with type 1 diabetes1,8. In addition, most
studies in adults have included patients with potentially confounding factors such as hypertension,
dyslipidemia, obesity, smoking, and diabetes complications, and as a result the extent to which hsCRP is
associated with CVD risk factors in children and adolescents has yet to be elucidated1,8.

Taking into account the scarce data available on hsCRP in the pediatric population with type 1 diabetes,
our main objective in this study is to compare hsCRP levels in children with type 1 diabetes against a
control group of healthy children and another group made up of children with obesity. In designing this
study, we hypothesized that HbA1c, as marker of metabolic control of type 1 diabetes, would be related to
hsCRP levels.

Methods
1.Type of study:

This descriptive study was conducted between January 2018 and November 2019 in the pediatric
endocrinology unit of Fundación Jiménez Díaz Hospital, located in Madrid, Spain.

2. Sample size calculation:

To obtain hsCRP values inpatients with type 1 diabetes that were at least twice as high as those of an
age- and sex-matched control group with an estimated hsCRP value of 0.7 mg/l (standard deviation of
1.2)11, a minimum of 33 subjects in each group is needed to achieve a statistical power (b) of 90% and
level of signi�cance a of 0.05.

3.Subjects:
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1. Group with type 1 diabetes: children between 6 and 18 years of age diagnosed with type 1 diabetes
according to the criteria published by the American Diabetes Association17, with con�rmed positive
pancreatic autoimmunity (ICAS, anti-GAD, and/or anti IA-2). We ruled out patients who presented
another chronic disease or complications of diabetes, including renal impairment (no evidence of
microalbuminuria at baseline), retinopathy, neuropathy, and cardiac disfunctions.

2. Control group: healthy children with a body mass index (BMI) of between –1.5 and +1.5 SDS relative
to the mean according to reference charts18 paired with an age- and sex-matched group with type 1
diabetes.

3. Group with obesity: children with a BMI of more than 2 SDS over the mean according to reference
charts18 and no other chronic disease, matched with the group with DM1 by age and sex.

In these three groups, patients with levels of hsCRP >10 mg/L were removed from analysis since higher
levels of hsCRP are considered a marker of an infection or in�ammatory process in accordance with
American Heart Association (AHA) Guidelines19 .

4. Measures:

Clinical and demographic variables: age, sex, BMI (kg/m2 and Z-score)18, waist circumference (cm and Z-
score)20,and blood pressure (mmHg and Z-score)21.

Speci�c clinical and demographic variables per group

Group with type 1 diabetes: age at diabetes diagnosis, presence of ketoacidosis at onset, duration of
diabetes, insulin regimen [multiple doses or continuous subcutaneous insulin infusion (CSII)],total daily
insulin (TDI) requirement, urine albumin to creatinine ratio (ACR), and change in HbA1C over the previous
year.

Biochemical data

Blood samples were obtained by venipuncture in the morning on hospital premises after a 12-h fasting
period. Samples were kept on ice and sent to the laboratory for analysis. Once centrifuged, fractions were
separated and frozen at -70 º C for future analyses.

Capillary whole blood via �nger-prick was collected to measure HbA1c using monoclonal antibody
agglutination reaction, DCA Vantage®.

ACR was determined in second morning urine sample.

Serum hsCRP was measured with commercial enzyme-linked immunosorbent assays (ELISA)
from Aviscera Bioscience (CRP High Sensitivity SK00080-02) according to the manufacturer’s
instructions. The coe�cient of variation intra-assay and inter-assay was 4.2% and 9.0%, respectively.

5.Statistical Analyses
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Statistical analyses was performed using SPSS version 21.0 (SPSS Chicago, Illinois). Data are expressed
as mean and 95% con�dence intervals (95%CI).The Kolmogorov-Smirnov test was used to determine
whether the variables under study were normally distributed. When possible, variables that were not
normally distributed were log-transformed before analysis.

Following this, and in order to evaluate the relationship between hsCRP and the different variables
included in the study, a correlation analysis was carried out. Subsequently, a multiple linear regression
analysis was performed including hsCRP as the dependent variable.

ANOVA was used to compare mean hsCRP values among the three groups and to compare means of
biochemical and anthropometric variables by hsCRP risk group according to the classi�cation of the
American Cardiovascular Association19.

p values <0.05 were considered statistically signi�cant.

Results
As seen in Fig. 1, the type 1 diabetes group was made up of 49 patients. The demographic and
anthropometric data, as well as the biochemical variables of the three groups included in the study, are
summarized in Table 1.
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Table 1
Anthropometric and demographic data and biochemical parameters of the control group, children with

type 1 diabetes, and children with obesity.

    Control
group
n = 46

Children with Type1
diabetes
n = 49

Children with
obesity
n = 40

ANOVA

p Posthoc

  Age (years) 12.46
(11.38–
13.54)

12.66
(11.57–13.74)

13.01
(11.79–14.24)

NS

  Male/female
(%)

56/44 57/43 45/55 NS

  BMI (Z-score) -0.25
(-0.42/-0.09)

0.05
(-0.27–0.36)

4.87
(4.44–5.35)

< 
0.001

1–3***
2–3***

  Waist
circumference
(Z-score)

0.29
(0.08–0.61)

0.44
(0.05–0.83)

5.99
(5.32–6.81)

< 
0.001

1–3***
2–3***

  Cholesterol
(mg/dL)

158.5
(152.58–
164.51)

160.1
(154.02–166.25)

148.7
(139.65–
157.80)

NS

  HDLcholesterol
(mg/dL)

48.1
(44.56–
51.67)

58.1
(54.80–61.48)

43.0
(40.23–45.87)

< 
0.001

1–2***
2–3***
1–3*

  LDL-cholesterol
(mg/dL)

95.6
(90.59–
100.62)

89.4
(83.89–95.02)

89.2
(80.90–97.45)

NS

  Triglycerides
(mg/dL)

74.09
(68.60–
79.57)

61.57
(54.63–71.14)

95.28
(81.14–109.41)

< 
0.001

1–2*
1–3*
2–3***

*p < 0.05, **p < 0.01, ***p < 0.001

As we can observe in Fig. 2, the mean value of hsCRP in the type 1 diabetes group was 2.18 mg/l (1.47–
2.60), signi�cantly higher than the control group [0.69 mg/l (0.48–0.89)] and nearly signi�cantly lower (p 
= 0.064) than the group with obesity [3.37 mg/l (2.60–4.21)].

If we exclude children with type 1 diabetes who presented obesity (n = 2), we still observe a signi�cant
difference between the group with type 1 diabetes and the control group. Furthermore, in this case, the
mean value in type 1 diabetes was 2.06 (1.50–2.63), signi�cantly lower than the one recorded in children
with obesity (p < 0.05).

A correlation analysis showed a statistically signi�cant correlation between hsCRP and BMI (Z-score),
waist circumference (Z-score), and ACR (Table 2). The correlation between hsCRP and ACR remained
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signi�cant after adjusting for BMI (Z-score) and waist circumference (Z-score). We also observed a nearly
signi�cant positive correlation between hsCRP and the duration of diabetes. We have not found a
statistically signi�cant relationship with lipid pro�le.

Table 2
Correlation analyses between hsCRP and anthropometric and demographic data and biochemical

parameters of children with type 1 diabetes.

  Type 1 Diabetes Correlation with hsCRP

Age (years) 12.66 (11.57–13.74) NS

BMI (Z-score) 0.05 (-0.27–0.36) r = 0.49 (p < 0.001)

Waist circumference (Z-score) 0.44 (0.05–0.83) r = 0.37 (p < 0.001)

Duration of diabetes (years) 4.91 (3.93–6.01) r = 0.25 (p = 0.08)

TDI (UI/kg/day) 0.80 (0.74–0.86) NS

HbA1c baseline:
%
Mmol/mol

8.01 (7.56–8.51)
64 (59.1–69.5)

NS

Average of HbA1C in the last year of evolution:
%
Mmol/mol

8.26 (7.83–8.78)
66.8 (62.8– 72.5)

NS

ACR (mg/g) 6.93 (4.7–9.5) r = 0.36 (p < 0.05)

Subsequently, a stepwise multivariate linear regression analysis was performed considering hsCRP as a
dependent variable and including BMI, waist circumference, and ACR as independent variables. The best
model obtained had an R2coe�cient of 32% with the following equation, after ruling out collinearity:

hsCRP (mg/l) = 1.34 + [0.83 × waist circumference (Z-score)] + [0.07 × ACR (g/mg)]

To further analyze the relationship between hsCRP and characteristics of type 1 diabetes, children with
type 1 diabetes were divided into three groups of cardiovascular risk related to hsCRP levels according to
the recommendation of the American Heart Association19. We observed a signi�cant relation between
hsCRP and BMI and waist circumference (Table 3).
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Table 3
Anthropometric, demographic data and biochemical parameters of children with type 1 diabetes

according to cardiovascular risk group.

  Cardiovascular risk group (AHA)  

Low risk
(hsCRP < 
1 mg/L)
n = 20

Intermediate risk
(hsCRP 1–3 mg/L)
n = 15

High risk
(hsCRP > 
3 mg/L)
n = 14

ANOVA

p Post hoc

Age (yr) 13.63 (11.97–
15.28)

11.23 (8.89–13.57) 13.22 (10.78–
15.66)

NS  

Duration of diabetes (yr) 4.29 (2.60–
5.97)

4.33 (2.62–6.04) 6.43 (4.02–
8.85)

NS  

TDI (UI/kg/day) 0.79 (0.67–
0.91)

0.74 (0.62–0.86) 0.88(0.75–
1.02)

NS  

HbA1c (% / mmol/mol) 8.07 (7.12–
9.01)
65 (54– 75)

7.70 (6.94–8.45)
61 (52–69)

8.26 (7.47–
9.05)
66.8 (58.1–
75.4)

NS  

Average of HbA1C in the
last year of evolution:
%
Mmol/mol)

8.20 (7.24–
9.15)
66.2 (55.6–
76.5)

7.94 (6.97–8.91)
63.3 (52.7–73.9)

8.43 (7.58–
9.27)
68.6 (59.3–
77.8)

NS  

BMI (Z-score) -0.42(-0.8–
0.04)

-0.07(-0.54–0.38) 0.88(0.21–
1.55)

< 
0.01

1–
3**
2–
3*

Waist circumference (Z-
score)

-0.16(-0.55–
0.22)

0.24 (-0.14–0.64) 1.53 (0.48–
2.58)

< 
0.01

1–
3*
2–3
(0.6)

Systolic blood pressure
(Z-score)

-0.24(-0.56–
0.07)

-0.15(-0.53–0.22) -0.21(-0.74–
0.31)

NS  

Diastolic blood pressure
(Z-score)

0.30(-0.01–
0.61)

-0.21 (-0.19–0.62) 0.36 (-0.10–
0.83)

NS  

Cholesterol (mg/dL) 160.6 (152.3–
168.9)

150.2 (137.1–
163.3)

169.3 (154.8–
183.7)

NS  

HDL-cholesterol(mg/dL) 57.9 (52.3–
63.5)

56.7 (51.5–61.9) 59.64 (50.4–
68.8)

NS  

*p < 0.05, **p < 0.01,
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  Cardiovascular risk group (AHA)  

Low risk
(hsCRP < 
1 mg/L)
n = 20

Intermediate risk
(hsCRP 1–3 mg/L)
n = 15

High risk
(hsCRP > 
3 mg/L)
n = 14

ANOVA

LDL-cholesterol (mg/dL) 88.2 (79.3–
97)

82.7 (71.3–94.2) 97.71 (87–
108.4)

NS  

Triglycerides (mg/dL) 68.4 (48.5–
88.3)

54.9 (44.5–61.2) 59 (49.8–
68.2)

NS  

ACR (mg/g) 5.21 (2.06–
8.36)

5.44 (2.52–8.36) 10.93 (4.13–
17.73)

NS  

*p < 0.05, **p < 0.01,

Discussion
To our knowledge, this is the �rst study to simultaneously analyze hsCRP values in children with type 1
diabetes compared to a control group and children with obesity. Our �ndings indicate that circulating
levels of hsCRP were signi�cantly higher in children diagnosed with type 1 diabetes than in healthy
control children. These data support previous studies that found elevated hsCRP in young subjects with
type 1 diabetes mellitus4,6,22.

We found a positive correlation between hsCRP values and waist circumference and BMI in children with
type 1 diabetes. This �nding is consistent with the direct relationship between body weight and hsCRP in
type 1 diabetes22 and healthy children11. In light of these results, we believe that strict management of
nutrition and physical exercise to decrease excess weight in child patients with type 1 diabetes not only
has metabolic bene�ts (lipid pro�le, hypertension23), but can also decrease the cardiovascular risk of
these patients.

By including a group of age- and sex-matched children with obesity to our analysis of diabetic children,
we observed that values of hsCRP are lower in children with type 1 diabetes than in children with obesity.
In addition, the higher levels of hsCRP observed in type 1 diabetes compared to the control group are not
only explained by BMI and waist circumference. In this regard, less than 5% of children with type 1
diabetes presented obesity. Furthermore, if we exclude children with type 1 diabetes who presented
obesity (n = 2), we still �nd a signi�cant difference between values of hsCRP in children with type 1
diabetes, the control group, and children with obesity. Therefore, there may be an independent basal
in�ammatory state in type 1 diabetes which warrants further investigation.

In the present study, we have found no signi�cant relationship between levels of hsCRP and HbA1c. This
could be explained at least in part by the fact that HbA1c does not appear to be the best marker, as it is
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in�uenced by extreme values and does not provide a measure of glycemic variability or hypoglycemia24.
Glycemic control could be better evaluated by the combination of HbA1c and data from continuous
glucose monitoring like time in range24,25.

We also must take into account that more intensive glycemic control is associated with a signi�cant risk
of weight gain3,4, which may in�uence the levels of hsCRP. One study concluded that there was a
signi�cant rise in levels of hsCRP among intensively treated subjects who gained the most weight4, thus
suggesting a complex relationship that may be in�uenced by other factors.

We observed a greater increase in hsCRP among children with type 1 diabetes with a longer history of the
disease; however, this relationship did not reach statistical signi�cance. One previous study including
adolescents described that levels of hsCRP increase with age26. The one-time measurement of hsCRP
and the sample size may have interfered in these results, so more studies are necessary to clarify this
relationship.

We did not observe a relationship between hsCRP and lipid pro�le in the type 1 diabetes group.
Additionally, no difference in lipid pro�le was found between the three groups when these were analyzed
by cardiovascular risk group. All our patients with type 1 diabetes received nutritional education, and in
our facility we monitor the dietary habits of these children during outpatient visits held every three
months. This could partially explain why our patients have a good lipid pro�le with no signi�cant
relationship with hsCRP.

We found a signi�cant correlation between values of ACR and hsCRP despite the fact that nephropathy
was ruled out. This �nding is compatible with other reports that show that microalbuminuria is
associated with a state of subclinical in�ammation and endothelial dysfunction26–28.However, how the
hsCRP is related to microalbuminuria is not clear. Some studies suggest that this may be the result of
in�ammation rather than a predictive risk factor for microalbuminuria26, while others hypothesize that
hsCRP may play a role in the induction of microalbuminuria28, suggesting that in�ammation may
deteriorate endothelial dysfunction.

Our study shows some limitations. First, we used a single measure of hsCRP at baseline, and gathered no
data on hsCRP over time. Another limitation is the absence of body composition measurements. Finally,
data on the time in range would have been of great interest in patients with continuous glucose
monitoring.

Conclusions
The higher hsCRP levels observed in children with type 1 diabetes compared with a control group with a
similar BMI suggests a basal in�ammatory state that could increase cardiovascular risk. Notably, in our
patients, the main factors related to hsCRP are BMI and waist circumference, so weight control is
essential to the surveillance of type 1 diabetes patients.
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The HbA1C as a relevant indicator of glycemic control is not related to hsCRP. It is therefore necessary to
investigate the potential relationship with other potential markers of disease control such as time in
range.
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Figures

Figure 1

Flow chart of patients with type 1 diabetes.
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Figure 2

Values of hsCRP in patients with type 1 diabetes, with obesity, and controls.
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