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Abstract. Background and aim: Type 1 diabetes mellitus (T1DM) is a chronic illness characterized by the de-
struction of insulin-secreting pancreatic p-cells. Poor glycemic control in T1IDM patients, as reflected by gly-
cated hemoglobin Alc (HbA1c) levels, increases pro-inflammatory cytokine levels, including interleukin-6
(IL-6). This could potentially lead to complications. Research on the correlation between IL-6 and HbAlc
levels in children with TIDM has shown conflicting results. Methods: A literature search was conducted
on four databases for observational studies investigating the correlation between IL-6 and HbAlc levels
in children with TIDM up to June 2024. A random meta-analysis model was performed. Fisher’s r-to-z
transformation was applied to standardize effect sizes for each correlation coefhicient. Statistical significance
was set at p <0.05 for all analyses. Results: This study included 12 observational studies, six of which were
cross-sectional. Published between 2003 and 2024, these studies involved 967 children. A pooled correlation
coeflicient value of 0.29 (95% CI: -0.04 - 0.56) with a p-value of 0.08 was obtained. Conclusions: The correla-
tion between IL-6 and HbA1c levels in children with TIDM showed a trend toward statistical significance.
Although not statistically significant, this trend may still be important for understanding the inflamma-
tory processes in T1IDM. The weak correlation found between IL-6 and HbAlc levels in these children
suggests that elevated pro-inflammatory cytokine concentrations were associated to poor glycemic control.
(www.actabiomedica.it)
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populations, with an annual average increase of 3-4% (3).
Recent studies have emphasized the significant role of

Type 1 diabetes mellitus (T1DM) is a chronic
illness characterized by the destruction of insulin-
secreting pancreatic B-cells. Consequently, patients
require long-term insulin treatment (1). Among chil-
dren and adolescents, T1IDM is the predominant form
of diabetes, comprising over 90% of diabetes cases in
numerous Western nations, surpassing other varieties,
such as type 2 diabetes mellitus (T2DM) and mono-

genic diabetes (2). The incidence is increasing in most

cellular autoimmunity in TIDM (4-6). Pro-inflam-
matory cytokines, such as interleukin-6 (IL-6), have
been identified as contributors to the pathogenesis of
T1DM (7,8) and play a role in T1IDM complications,
including the early stages of atherogenesis and micro-
vascular complications (9). While its precise function
remains unclear, IL-6 has been explored as a potential
therapeutic target for TIDM (7). Research on adoles-
cents with T1DM revealed that poor glycemic control,
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as reflected by glycated hemoglobin Alc (HbAlc)
levels, increases pro-inflammatory cytokine levels, po-
tentially leading to a higher incidence of peripheral
neuropathy and reduced bone mineral density (10).
An additional study focusing on children revealed a
substantial correlation between tumor necrosis fac-
tor-alpha (TNFo) and IL-6 with HbAlc; however,
their levels were not notably increased in the diabetes
group compared to those in the control group (11),
whereas other studies revealed a negative correlation
(12,13). Given these findings, a thorough review and
meta-analysis are needed to examine the correlation
between interleukin-6 levels, an inflammatory marker,
and HbA1c levels, which reflect glycemic control, in
children with type 1 diabetes mellitus.

Methods

This review adhered to the PRISMA 2020 pro-
tocol guidelines for systematic reviews and meta-
analyses (14). The research was formally registered
in the PROSPERO database with the identifier
CRD42024518546.

Searching strategy
Electronic databases such as PubMed, Science
Direct, and Scopus were extensively searched. Gray

literature with a Google Scholar search was also exam-
ined for relevant articles to mitigate publication bias,

Table 1. The detailed overview of the complete search strategy.

as database searches alone are not sufficiently compre-
hensive. Search terms were constructed using a com-
bination of Medical Subject Heading terms and free
text, incorporating the following concepts: “type 1 dia-
betes” OR “insulin-dependent diabetes” OR “T1DM”
OR “A1c” OR “HbA1c” AND “interleukin-6" OR
“IL-6”. The search encompassed studies published
from each database’s inception until June 25, 2024.
Table 1 provides a detailed overview of the complete
search strategy employed.

Eligibility criteria

The study selection was based on the following
inclusion criteria: (1) research with the presence of
correlation coeflicient (r) regarding the correlation be-
tween IL-6 and HbA1c levels in children with T1DM,
(2) publications in English, and (3) observational study
methodology. Studies were excluded if they were:
(1) non-research publications (such as conference pa-
pers, book chapters, or reports), review articles, or
laboratory studies involving animals; (2) duplicate
publications; (3) lacking complete or adequate data; or
(4) limited to abstracts or conference presentations only.

Selection of studies and extraction of data

For duplicate removal and study screening, Men-
deley Desktop version 1.19.8 (Elsevier, Mendeley
Ltd.) was employed. Data extraction included: lead
author, publication year, country, sample size, age,

Database Search terms

PubMed

OR (41 6”[ Title/Abstract])

(CCCCCCe((type 1 diabetes mellitusyMeSH Terms]) OR (autoimmune diabetes[ MeSH Terms]))

OR (insulin dependent diabetes mellitusfMeSH Terms])) OR (type 1 diabet*[Title/Abstract])) OR
(autoimmune diabet*[ Title/Abstract])) OR (insulin dependent diabet*[Title/Abstract])) OR (“t1d”[Title/
Abstract])) OR (“t1dm”[Title/Abstract])) OR (“idd”[Title/Abstract])) OR (“iddm”[T'itle/Abstract]))

OR (“tid”[Title/Abstract])) OR (“tidm”[Title/Abstract])) OR (hb al[MeSH Terms])) OR (glycated
hemoglobins[MeSH Terms])) OR (“alc”[Title/Abstract])) OR (hbal*[Title/Abstract])) OR (“glycated
hemoglobin”[Title/Abstract]) AND ((interleukin 6[MeSH Terms]) OR (“interleukin 6”[Title/Abstract]))

Science Direct

((type 1 diabetes) OR (insulin dependent diabetes) OR (autoimmune diabetes) OR (T1D) OR (Alc) OR
(glycated hemoglobin) OR (HbA1c)) AND ((interleukin-6) OR (IL-6))

Scopus

((“type 1 diabetes”) OR (T1DM) OR (T1D) OR (IDDM) OR (IDD) OR (“hemoglobin Alc”) OR
(HbA1c) OR (“glycated hemoglobin®’)) AND ((“Interleukin 6”) OR (IL6) OR (“IL 67))
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study design, IL-6 and HbAlc results, diagnostic
method, and correlation coeflicient (r). Two separate
researchers entered eligible studies into a predeter-
mined spreadsheet. A third researcher resolved any
disputes regarding study inclusion or exclusion. The
Newcastle-Ottawa scale (NOS) was used by two in-
dependent researchers to evaluate the quality of ob-
servational studies, including cohort, case-control, and
cross-sectional designs. This assessment examined in-
formation bias, selection bias, and confounding factors.
Based on NOS scores, studies were classified as high
quality (7-9 points), moderate quality (4-6 points), or
low quality (0-3 points) (15).

Analysis of statistical data

To standardize effect sizes for each correlation
coeflicient, Fisher’s r-to-z transformation was em-
ployed. This process involved converting Spearman’s or
Pearson’s correlation coefficient (r) into approximately
normally distributed Z-values. The Z-value’s standard
error was then calculated, and inverse Fisher’s trans-
formation was utilized to produce r and 95% CI. Chi-
squared and I-squared (I2) statistics were used to assess
heterogeneity, with I-squared values of 25%, 50%, and
75% interpreted as low, moderate, and high heteroge-
neity, respectively (16). All pooled analyses utilized a
random-effects model. To ensure result consistency, a
sensitivity analysis was performed by excluding factors
that might influence outcomes. Furthermore, a one-
leave-out sensitivity analysis was conducted by remov-
ing individual studies. Publication bias was visually
examined through funnel plot asymmetry and evalu-
ated using Egger’s and Begg’s tests. For all analyses,
statistical significance was set at p <0.05. The meta-
analysis was performed using Review Manager 5.4
(Cochrane Collaboration, London, UK).

Results
Study identification
The initial literature search yielded 7,908 potential

studies. Automated screening tools eliminated 5,803
articles, and 117 duplicates were removed, leaving

1,988 articles for further review. Screening of titles and
abstracts excluded 1,752 articles, with 236 remaining
for full-text evaluation. An additional 45 articles were
excluded due to conference abstracts, posters, or una-
vailability of full-text articles, resulting in 191 articles
for comprehensive analysis. Following a comprehen-
sive evaluation, 181 studies were eliminated due to no
correlation analysis between interleukin-6 and HbAlc
levels, lack of sufficient data, non-English language, or
unsuitable study design. Thirteen additional records
were identified through website searches and reference
list examinations. Of these, eleven were subsequently
excluded because of unavailable full texts or dupli-
cation. The final selection process yielded 12 studies
that satisfied the inclusion criteria. A PRISMA flow
diagram illustrating the study selection process is pre-
sented in Figure 1.

Characteristics of the study

This meta-analysis incorporated twelve obser-
vational studies, comprising six cross-sectional, two
cohort, and four case-control designs. The research
spanned multiple continents, with three studies from
Asia, four from Africa, three from Europe, and two
from America. Published between 2003 and 2024,
these investigations included 967 children, with in-
dividual study sample sizes varying from 10 to 314
participants. The subjects differed in age, duration of
diabetes, presence of acute illness or complications, and
glycemic control at the time of assessment. ELISA was
the predominant method (83% of studies) for examin-
ing IL-6. A detailed summary of the included stud-
ies’ characteristics is presented in Table 2. Four studies
demonstrated a positive correlation between IL-6 and
HbA1c levels in children with type 1 diabetes mellitus
(9-11,17). Conversely, two studies reported a negative
correlation (12,13). The remaining six studies showed
no significant relationship (12,18-22).

Ewvaluation of study quality

To assess the quality of the twelve included stud-
ies, researchers utilized the Newcastle-Ottawa Scale

(NOS), which was deemed suitable for the design of
each study. The evaluation determined that nine studies
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E Recordsremoved before
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. . - > il Websites (n = 27)
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Not reported in English (n =3)
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Reports of included studies

(n=12)

Figure 1. The study selection process using the PRISMA flow diagram.

were of high quality, while three were considered mod-
erate quality. A comprehensive quality assessment for
each study, using the NOS critical appraisal checklist,
is provided in Table 3.

Correlation between IL-6 and HbAIc levels in children
with type 1 diabetes mellitus

Examination of 12 studies showed Fisher’s
r-to-z transformed correlation coeflicients spanning
from -0.34 to 1.65, with a positive correlation ob-
served in the majority (66.67%) of cases. High het-
erogeneity was detected, with an 12 value of 96% and
a p-value of <0.001, necessitating a random-effects
meta-analysis. A random-effects model yielded an
estimated Fisher r-to-z transformed correlation coef-
ficient of 0.30 (95% CI: -0.04 - 0.64), as shown in
Figure 2. This value was subsequently converted to a
pooled correlation coefficient of 0.29 (95% CI: -0.04
~0.56), p = 0.08.

Sensitivity and subgroup analysis

Table 4 displays the outcomes of the sensitiv-
ity and subgroup analyses for the pooled correlation
between IL-6 and HbA1lc levels. Sensitivity analysis
revealed that the correlation remained statistically
non-significant, despite most pooled correlation co-
efficients being higher than those in the primary
analysis. The considerable statistical heterogeneity in
the primary analysis can be explained by subgroup ef-
fects related to continents and measurement methods.
Among the non-Asian populations, the pooled corre-
lation coefficient between IL-6 and HbAlc levels was
notably lower (0.18 [0.07, 0.27], p < 0.001). Moreover,
in measurements using methods other than ELISA,
the pooled correlation coeficient was 0.19 (0.08,
0.30), with a p-value <0.001.

A sensitivity analysis was not conducted for age
categories or groups with controlled diabetes, as all
studies involved adolescent age groups and participants
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Table 3. Results of quality assessment based on the Newcastle-Ottawa Scale.

First author (year) Selection Comparability Outcome Total score | Judgment
Jain et al., 2003 (20) 2 2 2 6 Moderate
Wedrychowicz et al., 2004 (22) 2 2 2 6 Moderate
Fawaz et al., 2009 (17) 4 2 3 9 High
AboElAsrar et al., 2012 (10) 3 2 2 7 High
Hammed et al., 2012 (9) 4 2 2 8 High
Fahad et al., 2014 (19) 3 2 2 7 High
Heier et al., 2015 (11) 3 2 3 8 High
Abdel-Latif et al. (1), 2017 (12) 3 2 2 7 High
Abdel-Latif et al. (2), 2017 (12) 3 2 2 7 High
Dugque et al., 2017 (18) 2 2 2 6 Moderate
Al-Dubayee et al., 2023 (13) 4 2 3 9 High
Reis et al., 2024 (21) 3 2 2 7 High
Fisher z Fisher z

Study or Subgroup Fisher z SE Weight IV, Random, 95% CI IV, Random, 95% CI

Abdel-Latif (1), 2017 0.02 0.1 8.8% 0.02 [-0.18, 0.22] -1

Abdel-Latif (2), 2017 -0.34 0.1 8.8% -0.34 [-0.54, -0.14) —_—

AboElAsrar, 2012 0.45 0.13 8.6% 0.45 (0.20, 0.70) —_—

Al-Dubayee, 2023 -0.18 0.09 8.8% -0.18 [-0.36, -0.00) —

Duque, 2017 0.08 0.22 7.9% 0.08 [-0.35, 0.51) e

Fahad, 2014 0.12 0.13 8.6% 0.12 [-0.13,0.37) -T—

Fawaz, 2009 1.65 0.12 8.7% 1.65(1.41, 1.89) —

Hammed, 2012 1.38 0.15 8.5% 1.38 (1.09, 1.67] —_—

Heier, 2015 0.21 0.06 9.0% 0.21[0.09, 0.33) -

Jain, 2023 0.13 0.18 8.2% 0.13 [-0.22, 0.48) 1T

Reis, 2024 -0.01 0.22 7.9% -0.01(-0.44, 0.42) — T

Wedrychowicz, 2004 -0.02 0.38 6.3% -0.02 [-0.76, 0.72] I p—

Total (95% CI) 100.0% 0.30 [-0.04, 0.64] S

Heterogeneity: Tau® = 0.33; Chi* = 262.45, df = 11 (P < 0.00001); I’ = 96% _52 -fl ) i 5

Test for overall effect: Z = 1.74 (P = 0.08)

Figure 2. A forest plot illustrating the combined r value for the correlation between levels of interleukin-6
and HbA1c in pediatric patients diagnosed with type 1 diabetes mellitus.

with uncontrolled diabetes. An additional sensitiv-
ity analysis was conducted using a leave-one-out ap-
proach, in which each study was sequentially removed,
and the meta-analysis was recalculated. This analy-
sis identified that the study by Abdel-Latif et al. (2)
showed a significant risk of bias, with a markedly lower
correlation coeflicient between IL-6 and HbA1c levels
(-0.34[-0.54,-0.14], p = 0.0009). After excluding this
study, the pooled correlation coeflicient was 0.35 (95%
CI: 0.01-0.61) with a p-value of 0.04.

Publication bias

The studies included in this research were deemed
to have no publication bias, as evidenced by three

factors: the nearly symmetrical appearance of the fun-
nel plot (Figure 3), the Egger test results yielding a
p-value of 0.79, and the Begg’s test outcome producing
a p-value of 0.68.

Discussion

Research on the correlation between IL-6 and
HbA1c levels in children with T1DM has shown con-
flicting results. Through a comprehensive literature
search, we selected an adequate number of studies to
conduct a meta-analysis, including twelve literatures
published between 2003 and 2024. Although the cor-

relation did not reach statistical significance, there was
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Table 4. Sensitivity and subgroup analyses.

Pooled correlation coefficient p-value
Primary analysis 0.29 (-0.04, 0.56), 12 = 96%, 12 studies (n = 967) 0.08
Including studies with serum-only sample 0.41 (-0.11, 0.75), 12 = 97%, 8 studies (n = 475) 0.12
Including high quality studies only 0.35 (-0.04, 0.64), 12 = 97%, 9 studies (n = 899) 0.07
Excluding studies at high risk of bias 0.05 (-0.12,0.21), I2 = 77%, 10 studies (n = 852) 0.59
Excluding studies with small sample size (<25) 0.36 (-0.02, 0.65), 12 = 97%, 9 studies (n = 910) 0.06
Excluding studies with diabetes duration <5 years 0.53 (-0.49, 0.94), 12 = 98%, 3 studies (n = 159) 0.31
Excluding studies with complication/comorbid 0.73 (-0.28, 0.94), 12 = 98%, 4 studies (n = 260) 0.16
Subgroup analysis
Continents
Asia 0.41 (-0.11, 0.76), 12 = 98%, 7 studies (n = 562) 0.12
Not Asia 0.18 (0.07,0.27), 12 = 0%, 5 studies (n = 405) <0.001
Measurement methods
ELISA 0.33 (-0.10, 0.65), 12 = 97%, 10 studies (n = 630) 0.13
Not ELISA 0.19 (0.08, 0.30), 12 = 0%, 2 studies (n = 337) <0.001
o__SE(Fisher 2) |
i
0.1+ &)i
C:D O
! @]
0.2+ oi
O,
i
031 i
i
i
o
0.4+ !
i
|
0.5 ) . ) i . . Fisher z
-4 -2 0 P 4

Figure 3. Funnel plot of the included studies.

a weak correlation between IL-6 and HbAlc levels
in children with type 1 diabetes mellitus. Our finding
aligns with the published studies (12,18-22). Several
factors may have contributed to the lack of correlation
between the two. These include age, diabetes duration,
body mass index, history of complications and other ill-
nesses, treatment history and adherence, and previous

glucose control in each study. There was a balancing
role of anti-inflammatory cytokines against pro-
inflammation in diabetes. A study revealed no notable
correlation between glycemic control and IL-6 levels.
Nevertheless, they identified a statistically significant
negative correlation between the levels of HbAlc
and IL-10 (21). Diabetic patients might experience
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elevated concentrations of interleukin-10 as a com-
pensatory mechanism (23). These anti-inflammatory
cytokines are thought to offer protective benefits, con-
tributing to the mitigation of various inflammatory and
autoimmune conditions (8). Another study conducted
on children demonstrated a significant correlation be-
tween TNFo and HbAlc levels; however, the levels
were not significantly elevated in the diabetes group
when compared to the control group (11). Research
indicates that inflammation is linked to biological vari-
ation in HbA1c among both diabetic and non-diabetic
adults, independent of blood glucose levels and obesity
(28). A study on adults with T1DM identified crucial
clinical factors affecting immune dysregulation in long-
term patients, revealing a strong link between diabetes
duration and inflammation (24). For adolescents with
T1DM, increased glucose fluctuations are associated
with higher inflammation, though the long-term con-
sequences of these factors remain unclear (26). The
correlation between glycemic levels and immune cell
quantity and function in circulation is not linear, sug-
gesting that any level of glycemia may trigger changes
in immune cell proliferation or demargination. As
a result, the immune response alterations in T1IDM
patients may be more significantly influenced by the
duration of chronic hyperglycemia exposure rather
than the severity of glycemia itself (24). Furthermore,
a previous study found a weak correlation between in-
sulin requirements and inflammation. The correlation
between immune cell function and insulin might be
enduring, as evidenced by a small but consistent posi-
tive correlation between insulin needs and the adaptive
immune response (24). The analysis revealed that the
study conducted by Abdel-Latif et al. (2) had a high
risk of bias. Upon exclusion, the pooled correlation co-
efficient indicated a weak, but statistically significant,
correlation. There was an inverse correlation between
IL-6 serum levels and HbAlc in 100 children with
T1DM who tested positive for enterovirus antibodies.
Conversely, no significant correlation was found in 100
T1DM children who tested negative for these antibod-
ies (12). The etiology of T1DM is multifactorial; how-
ever, environmental factors, including viral infection,
believed to be linked to T1D and the destruction of
pancreatic B-cells are poorly understood (3). Research
suggests that enteroviruses infection is associated with

T1D (27). Enterovirus infection at several life stages-
pregnancy, infancy, childhood, and adulthood-has been
linked to the onset of islet autoimmunity, especially
when the infection occurs in early childhood (3). Fur-
thermore, research has demonstrated that interleukins
10, 6, and 13 play a role in the development of enterovi-
rus infections (25). As far as we are aware, this research
represents the first meta-analytic examination of the
correlation between interleukin-6 and glycated hemo-
globin levels in pediatric patients diagnosed with type 1
diabetes mellitus. However, this study had several limi-
tations. Significant variations were observed among the
reviewed studies in aspects such as diabetes duration,
patient age, presence of acute illnesses or complication
history, treatment history and adherence, and IL-6 as-
sessment methods, including sampling hours. These
factors could potentially confound the results and con-
tribute to data heterogeneity. We conducted subgroup
analyses to reduce the potential bias due to this limita-
tion. The pooled correlation coeflicients between IL-6
and HbA1lc levels were notably lower in non-Asian
populations and when measurement methods other
than ELISA were used. We investigated the sources
of heterogeneity, including age groups and populations
with controlled diabetes. However, all studies included
adolescents and participants with uncontrolled diabe-
tes, suggesting that these factors may not be the pri-
mary cause of heterogeneity. The analysis also included
studies with small sample sizes, which could have in-
troduced additional confounding factors. Furthermore,
detailed information on body mass index and treatment
history was lacking for each study. Despite these limita-
tions, this meta-analysis provides valuable insights into
inflammatory processes in T1DM. Further research
is necessary to establish the correlation between IL-6
and HbA1c levels in pediatric patients with type 1 dia-
betes mellitus. We suggest that future studies address
these shortcomings by conducting research with larger,
more homogeneous sample sizes, or standardized IL-6
measurement techniques.

Conclusions

A trend toward statistical significance was ob-
served in the correlation between IL-6 and HbAlc
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levels in children with T1IDM. Despite not reaching
statistical significance, this trend might still offer in-
sight into the inflammatory processes associated with
T1DM. The subtle correlation observed between I1L.-6
and HbA1c levels in these children suggests that el-
evated pro-inflammatory cytokine concentrations are
associated with poor glycemic control. It is also possi-
ble, however, that a non-linear correlation may exist at
certain glycemic and inflammatory thresholds, which
standard statistical analyses may fail to identify. Vari-
ous factors in the study population, such as age dif-
ferences, diabetes duration, presence of acute illnesses
or complications, glycemic control status during the
investigation, and the diversity in methods used for
IL-6 and HbA1lc measurements, could have acted as
confounding variables.
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