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Abstract: 

 

Background: Inflammation is implicated in the pathogenesis of diabetes and its complications 

in adults. Little is known about the relative contribution of inflammation in common types of 

diabetes in youth: Type 1 diabetes (T1D), Type 2 diabetes (T2D) and cystic fibrosis-related 

diabetes (CFRD). This study investigates inflammatory markers by diabetes type and 

complication status, and assesses indicators of inflammation and complications. 

Methods: A cross-sectional study of 134 T1D, 32 T2D, 32 CFRD and 48 subjects without 

diabetes (including 11 with CF and normal glucose tolerance) was undertaken. Inflammation 

was assessed by sE-selectin by ELISA, hsCRP by turbidometry, WCC and ESR. Nephropathy 

was defined by albuminuria, autonomic neuropathy by heart rate variability, and peripheral 

neuropathy by vibration and thermal threshold testing and retinopathy by seven-field 

stereoscopic fundus photography. Descriptive statistics, parametric and non-parametric 

ANOVA and regression analyses were performed, with significance at p<0.05. 

Results: Of 198 diabetic participants; 49% female, mean (SD) age, median diabetes duration 

and median HbA1c were 16(2.5) and 6(3–9) years and 8.1(6.9–9.3)%, respectively. All 

inflammatory markers were lower in T1D than in other diabetes groups (p<0.05) but higher 

than in non-diabetic controls. T2D (n=32) and CFRD (n=32) subjects had comparable 

elevated levels of inflammation. BMI was a strong independent explanatory variable of 

inflammation. In multivariate analysis, hsCRP and ESR were associated with complications in 

addition to HbA1c, BMI and diastolic BP. 

Conclusions: Circulating inflammatory markers are elevated in adolescents with diabetes, 

being higher and comparable in T2D and CFRD than in T1D. Inflammation is independently 
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associated with diabetes complications, consistent with inflammation driving vascular 

pathology in diabetes. 
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Introduction 

Inflammation has been implicated in the pathogenesis of both diabetes mellitus
1
 and its 

chronic complications in adults
2, 3

, in particular with Type 2 diabetes (T2D)
4, 5

. Similarly, 

obesity is a risk factor for T2D and is also associated with complications, including 

nephropathy
6
 and retinopathy

7
, in adults with Type 1 diabetes (T1D). The adiposity effect 

may be mediated by associated dyslipidemia, hypertension, and increased inflammation. 

Examining these risk factors in youth may clarify the interactions and will extend knowledge. 

In youth there are several common types of diabetes: T1D, T2D, and cystic fibrosis-related 

diabetes (CFRD). The latter is usually associated with systemic and pulmonary inflammation 

due to infection, without obesity
8, 9

. 

Circulating inflammatory markers include white cell count (WCC), the erythrocyte 

sedimentation rate (ESR), and C-reactive protein (CRP), which is produced in many tissues, 

including adipocytes, the liver, and the vasculature
10

. WCC, ESR and CRP  assays are 

commonly available in clinical pathology laboratories, whilst other inflammatory markers 

(e.g. vascular cell adhesion molecules (CAMs) are research tools requiring informed consent, 

ethics approvals, additional blood sample, and specialized assays. CRP levels are often 

correlated with body mass index (BMI); in particular, with adiposity
11

 and with infections
10

, 

with CRP levels above 10mg/L being likely due to concurrent infection
12

. CAMs, including 

sE-selectin, sVCAM-1 and sICAM, are expressed by arterial endothelial cells and are 

research markers of vascular inflammation. CAM levels often correlate with each other as 

they are part of a chain reaction of monocyte adhesion, rolling, and arterial wall ingress, in 

which they become macrophages, accumulate lipoproteins, including native and modified 
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(e.g., glycated and oxidized) low-density lipoprotein (LDL) and cause atherosclerosis
13

. 

Soluble forms of the CAMs are shed into the circulation, the levels of which have been 

associated with, and are predictive of, cardiovascular disease in adults in the general and 

diabetic population, as well as of the microvascular complications of T1D
14, 15

.  

 

As little is known about inflammation levels and the three common forms of diabetes in youth 

we conducted an observational cross-sectional study of children and adolescents with T1D, 

T2D, and CFRD to assess levels of inflammation and their relationships to diabetes type and 

chronic complications. We hypothesized that the level of inflammatory markers (a) is higher 

in all forms of diabetes compared to non-diabetic reference groups; (b) is associated with the 

complication status of diabetic patients independently of glycemic control and diabetes 

duration; and that (c) obesity in diabetic youth, reflected by higher BMI, is associated with 

increased levels of inflammatory markers. 

 

Methods 

This cross-sectional study was approved by the Human Research Ethics Committees at The 

Children’s Hospital at Westmead (CHW) and the University of Sydney, and all participants 

and their families provided written informed consent. hsCRP and sE-selectin were measured 

in those with diabetes and in those without diabetes: Those with diabetes underwent 

complications assessments with measurement of WCC and ESR and other laboratory tests. 

WCC and ESR measures were not performed in the non-diabetic reference groups and 

comparisons could only be made with standard reference values from CHW. 
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Subjects 

The study group was 198 youth with diabetes attending the CHW Sydney during 2011–17: (i) 

134 adolescents with T1D diagnosed clinically and confirmed by low C-peptide levels and 

positive autoantibody status; (ii) 32 adolescents with T2D diagnosed clinically with negative 

autoantibodies and without maturity onset diabetes of the young (MODY) or secondary 

diabetes mellitus; and (iii) 32 adolescents with CFRD defined as a fasting blood glucose 

(BGL) >7mmol/L or 2-hour BGL >11.1mmol/L, in the most recent oral glucose tolerance test 

(OGTT) or hemoglobin A1c (HbA1c) >6.5%) in association with cystic fibrosis (CF). 

Participants were recruited during their diabetes complications assessment service (DCAS) 

visit: after 2 years T1D when diagnosed ≥11 years or after 5 years duration when diagnosed 

<11 years old; T2D and CFRD at diagnosis. Eligibility criteria were stable disease, absence of 

severe hypoglycaemia in the prior six months, without evident acute infection, and lack of 

oral corticosteroid treatment for at least 4 weeks. None of the included CF patients was 

treated with CF-channel drugs. 

 

Two age- and gender-matched reference groups of 37 apparently healthy youth from families 

of hospital patients or staff members and 11 CF patients with normal glucose tolerance were 

recruited during 2011–17. First degree relatives of diabetes patients were eligible if they had 

negative diabetes antibodies, and were free from chronic inflammatory medical conditions, 

intercurrent fever or infection. CF patients without diabetes were eligible if they had no 

evident infection and were not taking oral corticosteroids for at least 4 weeks. 
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Diabetes clinical and complications assessment 

Height (Harpenden stadiometer) and weight (electronic scales) were measured and BMI 

calculated (weight (kg) / height (m)
2
) and height, weight and BMI standard deviation scores 

(SDS) calculated according to the least means square (LMS) method
16

. Weight categories 

(underweight: <15
th

 percentile; normal: ≥15th
 percentile and ≤85th

 percentile; overweight: 

>85
th

 percentile and <97
th

 percentile; and obese: ≥97th
 percentile) were as per World Health 

Organization (WHO) standards
17

. Blood pressure (BP) was measured by auscultation after 5 

minutes (min.) rest in a seated position, with age and sex-related SDS for systolic BP (SBP) 

and diastolic BP (DBP) calculated according to established standards
18

. Hypertension was 

defined as BP levels ≥95th
 percentile for age (<18 years), ≥140/90 mm Hg (≥18 years), or 

relevant medical therapy. 

 

A non-fasting 10ml blood sample was collected by venipuncture and a timed overnight urine 

sample collected. Approximately 8ml blood and at least 5ml of urine were sent to the central 

laboratory of CHW for immediate analyses for non-fasting lipids, WCC and ESR and urinary 

albumin creatinine ratio (ACR). 

 

Diabetic nephropathy was defined as microalbuminuria (either AER ≥20 µg/min in at least 

two of three samples from timed overnight collections or mean ACR ≥3.5 (male) / ≥4 

(female) mg/mmol from three first morning collections). 

 

This article is protected by copyright. All rights reserved.



Heart rate variability (HRV), a measure of cardiac autonomic function, was assessed as 

previously described
19

, using LabChart Pro (AD Instruments, Sydney, NSW, Australia), based 

on a 10 min continuous EKG (ectopics excluded) in rested supine patients. One operator 

visually scanned the trace for R-waves among artifacts and ectopic beats. Time-domain HRV 

measures included three different categories: baseline heart rate, the standard deviation of the 

R-R interval (SDNN), and root mean squared difference of successive R-R intervals 

(RMSSD). Frequency domain measures included four further categories: low frequency (LF), 

defined as >0.04 Hz and <0.15 Hz, considered as sympathetic component, and high frequency 

(HF) components, defined as >0.15 Hz and <0.4 Hz, considered as parasympathetic 

component, and the LF:HF ratio, considered to be an estimation of the relative sympathetic 

and parasympathetic balance, as well as a triangular index
20

. Elevated heart rate and HRV 

abnormalities were defined as ≥1 abnormality in those seven categories based on ≤5 or ≥95th
 

percentiles in age- and sex-matched control subjects measured using the same equipment. 

 

Peripheral nerve function was measured by vibration threshold at the left malleolus and left 

great toe and thermal threshold function testing for hot and cold at the dorsum of the left foot 

(TSA; 2001 Neurosensory Analyzer Model TSA-II (Vibratory Sensory Analyzer; VSA-3000–

Option)). Normal ranges based on reference data from non-diabetic controls, adjusted for age 

and gender and measurements outside the 95
th

 percentile on ≥1 of these four tests were 

considered abnormal. 
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Diabetic retinopathy (DR) was determined from seven-field stereoscopic fundus photos 

(Topcon Fundus camera TRC 50-VT, Tokyo Optical Co., Tokyo) taken through 

(cyclopentolate 1% and phenylephrine 2.5%) dilated pupils and graded (modified Airlie 

House classification
21

) by a single ophthalmologist. DR was defined as presence of at least 

one microaneurysm or hemorrhage (Early Treatment Diabetic Retinopathy Study 

(ETDRS Score) ≥21). Retinopathy severity was based on the worse eye and categorized as 

none, minimal non-proliferative, mild to moderate non-proliferative, or proliferative DR. 

 

Laboratory measures. Blood was centrifuged (3000 rpm, 10 min, 10°C) and plasma stored   

(-80°C) until analysis for CRP by high sensitivity assay (hsCRP) and sE-selectin at the 

National Health and Medical Research Centre (NHMRC) Clinical Trial Centre (University of 

Sydney). CRP was measured by high sensitivity turbidometry (Roche, Diagnostics, Basel, 

Switzerland on a Cobas Integra 400+) and a sE-selectin by ELISA (R&D, Minneapolis, MN) 

with intra- and inter-assay coefficients of variation (CV) of less than 5% and 13%, 

respectively. 

 

Blood for HbA1c, WCC, ESR, lipids, liver, and renal function and urine for albuminuria was 

analyzed in the CHW clinical laboratories. HbA1c was evaluated by high-performance liquid 

chromatography (Adams Arkray Inc., Kyoto, Japan). Lipid profiles and serum creatinine were 

assessed by routine laboratory methods and urinary ACR was measured with an Immulite 

1000 immunoassay analyzer (Siemens, Los Angeles, CA, USA). Abnormal values were 

defined by Australian clinical guidelines. 
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Statistics. Data were analyzed using SPSS version 24 (Armonk, USA). Statistical significance 

was taken at p<0.05. Normal distribution of variables was tested using the Kolmogorov-

Smirnov test. Descriptive analyses calculated the mean±SD or median and interquartile range 

for continuous variables and the number and percentage for categorical variables. Differences 

between groups were analysed using ANOVA (with Bonferroni post-hoc test) for normally 

distributed variables and Kruskall-Wallis ANOVA (with Mann-Whitney test) for non-

normally distributed variables (with Bonferroni correction for multiple comparisons). For 

categorical variables chi-square test was used.  

 

Univariate and multivariate logistic regression were used to analyze associations between 

complication status and laboratory results. Microvascular complications were defined as 

presence of either microalbuminuria, peripheral nerve abnormalities or diabetic retinopathy. 

Statistically significant and clinical important explanatory variables were included in 

multivariate analysis models. Covariates examined were HbA1c, diabetes duration and BMI 

which are routinely available and widely accepted to influence the clinical outcome of 

diabetes
22-25

. 

 

Results 

Clinical characteristics 
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Demographics of the 192 study participants with diabetes are shown in Table 1. Mean age 

was 15.6 (SD 2.5) years and 49% were female (diabetes patients vs. controls: 15.6 (SD 2.5) 

vs. 14.0 (SD 2.7) years, 51% vs. 42% girls). Adolescents with T1D were slightly older, had 

longer diabetes duration and higher HbA1c levels. Adolescents with T2D had higher BMI, 

more hypertension, and greater lipid abnormalities than those with T1D. Relative to the T1D 

group, adolescents with CFRD had lower BMI and cholesterol levels, higher triglyceride 

levels and more abnormal liver function tests. 

Inflammatory markers 

Inflammatory markers are shown in Figure 1. In healthy and CF subjects levels of hsCRP and 

sE-selectin (median (LQ-UQ)) were 0.4 (0.2-0.8) mg/L and 38.9 (27.4-60.4) ng/ml and 1.0 

(0.1-1.6) mg/L and 58.0 (42.9-78.6) ng/ml respectively. The hsCRP and sE-selectin levels 

were significantly higher in T2D and CFRD groups than in the reference group: 2.3 (1.0-4.5) 

mg/L (p<0.0001) and 62.6 (46.4-80.7) ng/ml (p=0.0005) and 1.6 (0.5-5.0) mg/L (p=0.003) 

and 71.5 (48.5-115.8) ng/mL (p=0.0002) respectively. There was no difference between 

hsCRP and sE-selectin levels between T1D and healthy subjects (0.5 (0.3 - 1.4) mg/L 

(p=0.09) and 42.1 (33.1 - 55.0) ng/ml (p=0.68) respectively). 

Median WCC and ESR levels of T1D (6.3 (5.4-7.6) x10
9
/L and 7.0 (4.0-15.0) mm/hr 

respectively) and T2D (8.8 (7.2-10.2) x10
9
/L and 13.0 (9.0-30.0) mm/hr respectively) were 

within the accepted reference range (WCC for 5–10 years of age 5.0–14.5 x10
9
/L, for 10–15 

years 4.5–13.5x10
9
/L, for >15 years 4.0–11.5x10

9
/L, ESR 0–20 mm/hr, except males >15 

years 0–15 mm/hr). Levels of hsCRP and sE-selectin tended to be lower in the CF (non-
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diabetic) reference group compared to CFRD: 1.0 (0.1-1.6) vs. 1.6 (0.5-5.0) mg/L (p=0.08), 

58.0 (42.9-78.6) ng/ml vs. 71.5 (48.5-115.8) ng/ml (p=0.17) respectively. As shown in Figure 

1, relative to T1D subjects each inflammatory biomarker level was higher in T2D (hsCRP 

p<0.0001, sE-selectin p<0.0001, WCC p<0.0001, ESR p=0.005) and in CFRD (hsCRP 

p=0.001, sE-selectin p<0.001, WCC p=0.02, ESR p=0.01). 

After adjusting for BMI, diabetes duration, and HbA1c the levels of inflammatory markers 

remain significantly higher in CFRD compared to T1D (Figure 2). We also observed 

significantly higher levels of biomarkers in CFRD compared to T2D (hsCRP p=0.002, sE-

selectin p=0.002, ESR p=0.003). 

hsCRP and ESR were significantly higher in subjects with diabetes complications vs. those 

without: 0.9 (0.3-2.7) mg/L vs. 0.5 (0.3-1.4) mg/L (p=0.02) and 10.0 (5.0-22.0) mm/hr vs. 7.0 

(3.5-14.0) mm/hr (p=0.04) respectively.  

Six participants (2 with T1D, 1 with T2D, 2 with CFRD and 1 healthy control) had hsCRP 

levels >10 mg/L. The frequency of higher CRP levels was not significantly different between 

groups and therefore these subjects were included in the analysis. The exclusion of those did 

not significantly change the results (supplementary material). 

 

Complications status 

T2D participants had the most chronic complications, followed by T1D and then CFRD 

patients, independently of diabetes duration. Albuminuria was most common in T2D (19% vs. 

1% vs 0%). The T1D group had less autonomic nerve abnormalities than the T2D or CFRD 
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groups (28% vs. 54% vs. 50%) and less peripheral nerve abnormalities than T2D (5% vs. 

19%). Retinopathy was most common in T1D (16% vs. (T2D) 7% vs. (CFRD) 8%), but these 

differences did not reach statistical significance. 

Relationships between diabetes complications and clinical characteristics including body 

habitus and inflammation 

HbA1c, BMI, BP, and inflammatory markers were significantly associated with individual 

complication types (Table 2). The ESR level was associated independently with overall 

complication status, in addition to age, gender, HbA1c, BMI, and BP. In individual 

complication analyses hsCRP, WCC, and ESR were associated with HRV abnormalities. The 

ESR level was associated with complications in the group with retinopathy, peripheral nerve 

abnormalities, and albuminuria. 

The rates of BMI categories in T1D, T2D, and CFRD are shown in Table 3. As expected, 

T2D was associated with the highest rate of obesity and CRFD was associated with the 

highest rates of being underweight. Of T1D youth, 40% were overweight or obese. 

Inflammation and diabetes complication status were explored in relation to BMI category 

(underweight, normal weight, overweight, obesity). Inflammatory markers differed by body 

habitus; in particular obese patients had higher levels of most inflammatory biomarkers 

relative to all other weight categories. Only the WCC was significantly higher in underweight 

patients. Also, overall in the diabetes groups a pattern of complications being more common 

with increasing BMI was noted. As there were relatively few underweight subjects they were 
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also grouped with normal weight subjects, and the differences in hsCRP levels and prevalence 

of diabetes complications remained statistically significant. 
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Discussion 

In this cross-sectional study of adolescents with T1D, T2D, and CFRD we found significant 

differences in levels of inflammatory biomarkers by diabetes type and by chronic 

complication status. Generally, inflammation levels were comparable in CRFD and T2D 

patients, with both being higher than in T1D. hsCRP and sE-selectin levels were numerically, 

but not statistically significantly, higher in all diabetes types relative to non-diabetic groups. 

Besides a high prevalence of chronic complications in T2D and CFRD we noted and explored 

strong associations between the presence of chronic complications and BMI and concurrent 

HbA1c levels. The observed link between the general complication status and BMI might be 

explained by or contributed to by higher levels of inflammatory markers and by increased 

complication prevalence in obese participants.  To the best of our knowledge, this is the first 

study directly comparing inflammation biomarker levels in youth with T1D, T2D, and CFRD, 

the chronic diabetes complications and to assess the relationships of body weight with 

complications and inflammation levels. 

 

Regarding chronic complications, while accepted, albeit early, evidence of retinal, renal, and 

neurologic complications was utilized, it was disconcerting to note their presence at a similar 

high prevalence (56–72%) in all three groups of youth with diabetes. Retinopathy rates did 

not differ significantly between groups. Of particular concern, the known diabetes durations 

for the T2D and CFRD groups were quite short, at 1.8 and 2.3 years respectively, yet their 

chronic diabetes complication rates were as high as those with T1D, with a mean duration of 

8.1 years. Unlike T1D, which presents acutely, it is possible that T2D and CFRD had been 
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relatively asymptomatic and present for some years prior to their formal diagnosis. This 

emphasizes the importance of regular screening for diabetes in CF patients and in children 

and adolescents at risk for T2D. Recommended risk factors for screening for T2D in youth are 

obesity, a high-risk ethnic group, and a family history of T2D in the parents or grandparents
26

. 

We acknowledge a potential difference in our results may be caused by different diabetes 

duration between groups, but it is probable that with longer duration even more T2D and 

CFRD subjects may have developed chronic complications.  

 

Neuropathy abnormalities, in particular HRV changes, were the most common type of 

diabetes complication in all three diabetes types. Yet, even though screening can be 

performed with a readily available EKG instrument, this test is not usually used in clinical 

practice. While retinopathy and peripheral nerve abnormalities rates were similar in all 

diabetes types, significantly higher rates of renal and neuropathic (microalbuminuria and 

HRV) abnormalities were found in T2D. Similar observations have been made previously
4
, 

though usually in older patients with and longer diabetes duration
5, 27

. A study of complication 

prevalence in T1D and T2D patients of comparable age and diabetes duration to those in our 

study found higher rates of microalbuminuria, but similar rates of retinopathy in T1D and 

T2D participants, in spite of shorter diabetes duration and lower HbA1c levels in those with 

T2D diabetes
4
. Likewise, retinopathy was infrequent in T2D and CFRD in our study group, 

even though a very sensitive detection method was used. Our participants with T1D with 

longer diabetes duration and higher HbA1c levels had higher rates of retinopathy, which is 

consistent with other earlier studies
28-31

. With respect to the prevalence of HRV changes and 
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retinopathy in CFRD, we identified higher prevalence rates than in earlier studies
32, 33

, and 

given their short known diabetes duration, this should raise awareness of the danger of 

underestimating the risk of long-term complications in CFRD. Although the incidences of 

certain complications were high in this study, the absolute numbers respectively were low in 

this young age group. Given the recognized associations between one microvascular diabetes 

complication and other microvascular complications, and between micro and macrovascular 

end-points, we used a composite endpoint for microvascular complications
34, 35

. 

 

Overall, relatively little is known about the long-term complication rates in CFRD, and to date 

few studies have investigated the prevalence of diabetes complications in CFRD with short 

disease duration. This is likely because the life expectancy of CF was previously much shorter 

than it is now, and CFRD patients often did not survive long enough to develop chronic 

diabetes complications. Given their increasingly long mean survival rate, now to 45 years
36

, 

attention to their diabetes and diabetes complication status and risk factor control is 

increasingly important. The relationship between abnormalities in glucose metabolism and 

mutation of the cystic fibrosis transmembrane conductance regulator (CFTR) protein is not 

yet fully understood and the factors promoting chronic complications in CFRD are even less 

certain. We suggest that inflammation is one of these promoters. It is well-accepted that in 

CF, pancreatic biliary duct obstruction results in both exocrine and endocrine pancreatic 

dysfunction
37

, and there is also respiratory tract obstruction with epithelial destruction and 

proliferation of bacteria
38

. Hence, CF in general is characterized by chronic systemic and lung 

inflammation, even in the absence of pathogens
39, 40

. With diabetes as a co-morbidity of CF, 
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affecting 50% by the age of 30 years
41

, another state of vascular inflammation is added to this 

complex disease. In our study, we demonstrate similar levels of systemic inflammatory 

markers in CFRD as in T2D, which may provide an alarming signal that the risk for long-term 

complications in CFRD is also elevated compared to in T1D, and therefore underestimated 

and undertreated
32

. Future investigations, including more general and vascular-specific 

inflammation markers (e.g., sVCAM-1, sICAM-1 and interleukin-8
8, 42

), could increase our 

insight into inflammation in CFRD. Nevertheless, sE-selectin levels, which arise from arterial 

endothelial cells and reflect vascular inflammation, were highest in the CFRD group, being 

significantly higher than in the T1D group. We demonstrated similarly elevated sE-selectin 

levels in both the non-diabetic and diabetic CF patients, suggesting that endothelial 

dysfunction can occur in CF even in the absence of diabetes. CRP has many vascular and non-

vascular tissues of origin, and the American Heart Association guideline on the assessment of 

cardiovascular risk
43

 recommends that levels <1, 1–2, 2–3 and >3 mg/L represent normal, 

low, medium, high and very high CVD risk. Levels over 10 mg/L are often taken to reflect 

acute infection
12

. Even in our young T2D study group hsCRP levels were high, consistent 

with moderate CVD risk. hsCRP levels in CFRD were not far below those in T2D, and were 

even higher when adjusted for covariates reflecting very high CVD risk, hence the 

inflammation-related CVD risk in CFRD should not be underrated
44

. Although levels of all 

inflammatory markers were numerically lower in the healthy reference group compared to all 

the other study groups, the results were not statistically significant, which may relate to study 

size. 
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Concerning clinically available biomarkers for early chronic diabetes complications, our study 

found higher ESR levels were significantly associated with higher rates of complications. In 

particular, HRV abnormalities were associated with higher ESR, WCC and hsCRP levels. 

While associations have previously been reported for hsCRP
45, 46

, associations for WCC and 

ESR have not previously been reported. 

 

Our findings of higher systemic and vascular inflammation markers in youth with T2D and 

CRFD with versus without complications, and a trend toward higher levels than in reference 

groups support an association between inflammation and the pathogenesis of chronic diabetes 

complications, as has been proposed for retinopathy
47

, nephropathy
48

 and atherosclerosis, and 

as our results also suggest, for autonomic neuropathy. With further exploration, these 

inflammatory markers may be useful prognostic markers at the individual level for 

complication screening and monitoring, perhaps as part of risk equations. Our results also 

support the potential of anti-inflammatory drugs being used to prevent or treat diabetes 

complications. The use of anti-inflammatory drugs such as salsalate in diabetes has not only 

reduced the levels of markers of inflammation but also improved glucose metabolism
49

. 

Statins and ACE inhibitors, which are used to prevent vascular damage, can also reduce 

inflammatory markers
50, 51

. 

 

Reflecting the general population, many of the youth with diabetes in our study were 

overweight or obese, with only 54% being of normal weight. A normal BMI was most 

prevalent in the CFRD group, and 16% of the CFRD were underweight. In spite of the youth 
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of our study subjects, we found that an elevated BMI was associated with higher 

inflammatory marker levels and chronic diabetes complications. Others have observed these 

phenomena
22, 52

, especially obesity, peripheral nerve abnormalities, and microalbuminuria in 

older patients with T1D and T2D
53, 54

. Elevated hsCRP levels have previously been reported 

in young obese T2D patients compared to obese non-diabetic controls
52

. Consequently, 

reducing central adiposity should be a therapeutic target not only in young T2D patients, but 

also in T1D and (if relevant) CFRD patients. 

In contrast to the other inflammatory markers, WCC showed an inverse relationship with 

BMI, being significantly higher in underweight patients. As most underweight subjects were 

in the CFRD group, this may reflect current and recurrent infections, which may also 

contribute to their low body weight. Other studies with healthy adolescents not including 

CFRD patients have demonstrated the expected positive correlation between WCC and  

BMI
55, 56

. 

 

Females have been shown to have higher complication rates in youth with T1D
57-59

. In our 

statistical analyses, gender was not associated with any significant differences in complication 

status or in inflammatory marker levels.  Previous studies have shown generally higher levels 

of inflammation in females, related to higher levels of body fat
60-62

. 

 

Study strengths were the assessment of three types of diabetes in youth, which have never 

been compared in this way before. Furthermore, we evaluated childhood/adolescent groups 

with few co-morbidities, limited smoking history or use of anti-inflammatory medications, 
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and had access to a detailed clinical characterization of each participant, in particular of their 

complication status. Recent severe hypoglycaemia was a criteria for study exclusion, and  we 

also expect that hypoglycaemia would have been most likely in insulin treated subjects, hence 

in the T1D group, which tended to have lower inflammation levels than our T2D and CRFD 

groups.  

Additionally, multiple inflammation markers were measured, most of which are routinely 

available in clinical laboratories, which enhances the potential for study replication and 

transfer into clinical practice. Our study was limited by its cross-sectional nature with 

measures of inflammation at a single time-point, the absence of non-diabetic groups with all 

biomarkers assessed and the lack of diabetic subject numbers to allow analyses related to 

specific individual complications. Other measures, such as of vascular function (sVCAM-1, 

sICAM and vascular reactivity), and other novel vascular risk markers (e.g. oxidative stress, 

microRNAs) are of interest. Larger groups would provide greater statistical power.  

In conclusion, in a cross-sectional study of children and adolescents with T1D, T2D, or 

CFRD, and non-diabetic reference groups, elevated markers of systemic and vascular 

inflammation were evident, and similar in T2D and CFRD. High rates of early chronic 

complications were present and related to BMI, HbA1c and BP. Elevated BMI was common, 

and was associated with elevated inflammatory biomarkers and complication status. Early 

screening for T2D and CRFD in at-risk groups and for complications in all youth related 

diabetes is merited. Inflammation may be both a cause and effect of diabetes and its 

complications, and is a potential therapeutic target. Larger and longitudinal studies and 

intervention studies of anti-inflammatory agents are of interest. 
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Table and figure legends 

 

 

Table 1. Clinical characteristics for subjects according to diabetes type. 

 

Table 2. Variables associated with diabetes complications. 

 

Table 3. Median of inflammation makers with interquartile range and prevalence of diabetes 

complications by weight categories. 
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Figure 1. Unadjusted blood levels of inflammation markers by diabetes type. 

 

Figure 2. Adjusted blood levels of inflammation markers for diabetes duration, BMI and 

HbA1c by diabetes type. 
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Table 1. 

 T1D 

(n=134) 

T2D 

(n=32) 

CFRD 

(n=32) 

Age (years) 15.8 [2.6] 15.1 [1.9] 14.6 [2.2]
2 

Diabetes duration (years) 8.1 [5.4–10.5]
1
 1.8 [0.3–3.3]

 
2.3 [1.0–3.9]

2 

BMI 22.7 [20.7–25.9]
1 

31.7 [27.5–35.2]
3 

18.5 [16.7–20.6]
2 

Weight category: 

Underweight/normal/overweight/obese 

(%) 

2/57/30/11 0/3/22/75 19/78/3/0 

HbA1c (%) 8.5 [7.7–9.5]
1
 6.6 [5.6–9.2]

 
5.9 [5.7–6.5]

2 

Hypertension 12/134 [9%]
 

6/31 [19%]
3
 0/28 [0%] 

Any complications 87/134 [65%] 23/31 [72%] 18/28 [56%] 

Microalbuminuria 1/123 [1%]
1 

6/20 [19%]
3 

0/19 [0%] 

HRV abnormalities 

Elevated heart rate 

35/126 [28%]
1
 

12/126 [10%]
1
 

14/26 [54%]
 

9/26 [35%]
 

12/24 [50%]
2 

6/24 [25%]
2 

Peripheral nerve abnormalities 6/132 [5%] 6/31 [19%] 0/27 [0%] 

Retinopathy 21/133 [16%] 2/30 [7%] 2/26 [8%] 

Elevated liver enzymes 14/96 [15%] 7/26 [27%] 9/19 [47%]
2 

Lipids 

Abnormal lipid profile 19/134 [14%]
1
 15/31 [48%]

 
7/29 [24%] 

Total cholesterol (mmol/L) 4.4 [3.8–4.9] 4.7 [4.1–5.2]
3 

3.2 [2.8–3.7]
2 

Triglycerides (mmol/L) 1.0 [0.7–1.4]
1
 1.6 [1.2–2.4] 1.4 [1.1–1.8]

2
 

HDL-C (mmol/L) 1.4 [1.1–1.6]
1
 1.1 [0.8–1.3] 1.0 [0.8–1.3]

2
 

LDL-C (mmol/L) 2.5 [2.0–2.9] 2.7 [2.1–3.4]
3 

1.6 [1.3–2.0]
2 

1
 T1D vs. T2D 

2
 T1D vs. CFRD 

3
 T2D vs. CFRD; statistics reported like X[X-X] are medians 

[25
th

 percentile-75
th

 percentile], like X[X] are means[SD], all values marked with an asterisk 

have significant p-values between the indicated diabetes groups in Bonferroni post-hoc test, 

Mann-Whitney test or 2x2 chi-square test. 

  

This article is protected by copyright. All rights reserved.



Table 2. 

  Univariate Adjusted for age & 

gender 

Multivariable  model  

Complication Explanatory 

variable 

OR (95% 

CI) 
p-value OR (95% CI) p-value OR (95% CI) p-value 

Any 

complication 

(n=192) 

HbA1c 1.27 

(1.06–1.51) 
0.01 

1.28 

(1.07–1.53) 
0.008 

1.29 

(1.07–1.55) 
0.008 

BMI 1.07 

(1.01–1.14) 
0.02 

1.08 

(1.01–1.15) 
0.027 

1.08 

(1.01–1.15) 
0.03 

DBP 1.04 

(1.01–1.08) 
0.02 

1.04 

(1.01–1.08) 
0.02  n.s. 

ESR  1.89 

(1.09–3.27) 
0.02 

2.02 

(1.12–3.64) 
0.019 

1.88 

(1.02–3.44) 
0.04 

Microvascular 

complications 

(43/121) 

HbA1c 1.28 

(1.07–1.53) 
0.008 

1.27 

(1.05–1.54) 
0.013 

1.36 

(1.11–1.67) 
0.004 

BMI  1.15 

(1.07–1.23) 
<0.001 

1.14 

(1.06–1.22) 
<0.001 

1.15 

(1.06–1.24) 
0.001 

SBP 

DBP 

1.04 

(1.01–1.07) 

1.05 

(1.01–1.09) 

0.007 

 

0.01 

1.04 

(1.00–1.07) 
0.025  n.s. 

ESR 1.91 

(1.21–3.01) 
0.006 

1.89 

(1.15–3.09) 
0.012  n.s. 

HRV 

abnormalities 

(n=176) 

BMI 1.07 

(1.01–1.13) 
0.015 

1.07 

(1.01–1.13) 
0.02  n.s. 

SBP 

DBP 

1.05 

(1.02–1.08) 

1.06 

(1.02–1.10) 

<0.001 

 

0.001 

1.06 

(1.03–1.09) 

1.06 

(1.02–1.11) 

<0.001 

 

0.002 

1.05 

(1.02–1.09) 

1.06 

(1.01–1.10) 

<0.001 

 

0.009 

hsCRP  1.93 

(1.12–3.33) 
0.019 

1.88 

(1.10–3.20) 
0.021 

1.81 

(1.04–3.16) 
0.037 

WCC  1.41 

(1.00–1.97) 
0.049  n.s.  n.s. 

ESR 1.80 

(1.15–2.83) 
0.01 

1.70 

(1.08–2.69) 
0.02 

1.68 

(1.08–2.64) 
0.02 

 

Multivariable model: explanatory variable adjusted for age, gender + BMI, SBP/DBP and 

HbA1c (if not yet explanatory variable). 

For ESR, CRP, WCC and sE-selectin z-scores were used for logistic regression.  
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Table 3. 

Outcome 

 

 

 
% of all diabetes 

patients 

T1D 

T2D 

CFRD 

Underweight 
(<15th 

percentile) 

Normal 
(≥15th & ≤85th 

percentile) 

Overweight 
(>85th & <97th 

percentile) 

 

Obese 
(≥97th percentile) 

 

p-

value* 

 

 

 

 

<0.001 

4 
 

1 

0 

16 

54 
 

59 

6 

81 

27 
 

32 

31 

3 

15 
 

8 

63 

0 

hsCRP 

(mg/L) 

0.12 

[0.10–0.13] 

0.44 

[0.23–1.46] 

1.04 

[0.38–1.52] 

2.94 

[1.24–5.24]”
∫
 

0.001 

sE-selectin 

(ng/ml) 

44.0 

[35.0–52.9] 

47.6 

[33.3–63.9] 

43.4 

[34.3–57.8] 

51.5 

[40.6–76.0] 

0.8 

WCC (x10
9
/L) 8.7 

[6.5–14.0] 

6.6 

[5.4–7.7]
∟

 

6.5 

[5.7–8.1]
†
 

7.9 

[5.5–9.7] 

<0.001 

ESR (mm/h) 5 

[3–14] 

8 

[4–16.8] 

7 

[3–15] 

14.5 

[8.3–29.8] 

0.6 

Any complication 4/7 

[57%] 

63/104 

[61%] 

37/52 

[71%] 

23/29 

[79%] 

0.2 

Microalbuminuria 0/5 

[0%] 

1/90 

[1%] 

3/46 

[7%] 

3/20 

[15%]” 

0.04 

HRV 

abnormalities 

3/7 

[43%] 

30/95 

[32%] 

13/47 

[28%] 

15/26 

[58%] 

0.05 

Peripheral nerve 

abnormalities 

0/7 

[0%] 

3/103 

[3%] 

1/50 

[2%] 

8/29 

[28%]”
∫
 

<0.001 

Retinopathy 0/6 

[0%] 

13/102 

[13%] 

10/51 

[20%] 

2/29 

[7%] 

0.3 

*One way ANOVA or 4x2 chi-square test. 

All individual p-values calculated with Bonferroni post-hoc test or 2x2 chi-square test. 

† Underweight vs. Overweight: p=<0.05; ‡ Underweight vs. Obese: p=<0.05; ” Normal 

weight vs. Obese: p=<0.05; 
∟

 Underweight vs. Normal weight: p=<0.05; 
∫
 Overweight vs. 

Obese: p=<0.05 
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