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SUMMARY

Background: Pediatric type 1 diabetes mellitus (T1DM) is a significant endocrine condition, with diabetic ketoaci-
dosis (DKA) posing a life-threatening risk. The aim of this study was to investigate the potential of the glycated
albumin (GA) to glycosylated hemoglobin (HbALc) ratio in predicting the occurrence of DKA and disease severity
in children with TIDM.

Methods: In this study, 224 children with TIDM were retrospectively analyzed and divided into non-DKA group
(n = 142) and DKA group (n = 82). The patients' GA and HbAlc levels as well as other related biochemical in-
dexes were detected, and the GA/Alc ratio was calculated and analyzed for its correlation with the occurrence of
DKA and disease severity. Meanwhile, the value of GA/Alc ratio in predicting DKA was evaluated by using the
receiver operating characteristic curve and the area under the curve.

Results: In the DKA group, both GA and GA/Alc ratio were elevated, and patients with severe DKA had especial-
ly high GA/Alc ratio. GA/Alc ratio was effective in clinically predicting the occurrence and severity of DKA. In-
creased GA and GA/Alc ratio correlated with the high risk of DKA in T1DM patients. For TIDM patients, a
greater GA/Alc ratio indicated a higher risk of DKA compared to GA. There was a linear relationship between
GAJ/Alc ratio and DKA, and when the GA/Alc ratio was greater than 2.465, an increase in the GA/Alc ratio was
positively correlated with a significant increase in the risk of developing DKA in TIDM.

Conclusions: GA/Alc ratio can be used as an effective indicator to predict the occurrence of DKA and its severity
in pediatric TIDM patients, and the higher the GA/Alc ratio, the higher the risk of DKA and the severity of the
disease in patients.
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Diabetes mellitus (DM) is a chronic metabolic disease
characterized by hyperglycemia caused by either insuf-
ficient insulin secretion or resistance to insulin [1].

Manuscript accepted December 31, 2024 Type 1 DM (T1DM) constitutes about 90% of DM
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cases in children worldwide. The incidence rate of clas-
sical TIDM for all ages in China is estimated at 1.01
per 10 million, with the most common onset age being
10 to 14 years [2]. The incidence of DM in children un-
der five is rising annually by 5 - 34%, with a noticeable
shift towards younger age groups [3].

Currently, only about 15% of DM children in China
have achieved glycemic control, and poor glycemic
control can lead to acute complications of DM, such as
diabetic ketoacidosis (DKA) or hyperosmolar hypergly-
cemia state. DKA occurs due to insufficient insulin se-
cretion, accompanied by abnormal elevation of circulat-
ing insulin-antagonist hormones such as growth hor-
mone, catecholamines, glucagon, and cortisol, which
disrupts the balance of glucose, fats, proteins, electro-
Iytes, and acid-base balance and leads to metabolic dis-
orders, such as hyperglycemia, ketonemia, ketonuria,
and acidosis [4].

In DKA, the buildup of acidic substances like ketone
bodies and lactate leads to high anion gap (AG) meta-
bolic toxicity [5]. This acidosis affects the affinity of al-
bumin and hemoglobin for oxygen, which in turn af-
fects tissue oxygen supply and energy metabolism. In
addition, the disease stress state triggered by DKA se-
cretes a large number of stress hormones, such as cor-
tisol and epinephrine, which promote an increase in
blood glucose, leading to an increase in glycated albu-
min (GA). Both GA and HbAlc measure blood glucose
over time, with GA representing the average over 2 - 3
weeks and HbA1c reflecting a longer-term average. GA
is an early Amadori-glycated protein between glucose
and serum albumin, with a shorter change duration than
HbAlc. It is superior to HbAlc in reflecting blood glu-
cose fluctuations [6].

Elevated HbAc1 and blood pressure are associated with
exacerbation of TAIDM [7]. DKA at the time of diag-
nosis of DM in adolescents is associated with higher
HbAc1 [8]. In the past few years, there has been an in-
creasing interest in the potential role of GA, HbAc1,
and particularly the GA/Alc ratio in managing DM.
Studies have shown that the GA/Alc ratio may be asso-
ciated with insulin sensitivity, insulin resistance, and the
risk of microvascular complications. For example, GA
and the GA/Alc ratio are markedly elevated in patients
with insulin autoimmune syndrome who possess insulin
antibody affinity (InsAb), as opposed to those who are
InsAb-negative [9]. In addition, GA is associated with
retinopathy in DM patients [10]. Nonetheless, a meta-
analysis highlighted that the occurrence of DKA in
children with T1IDM and severe COVID-19 did not
show a correlation with HbAc1 [11].

Children are more prone to treatment noncompliance
due to their limited cognitive ability and self-manage-
ment of the disease, thus increasing the risk of DKA.
Therefore, improving DM care in children requires find-
ing biomarkers that can predict DKA's onset and severi-
ty at an early stage.

Given the context, this study aimed to explore the po-
tential of the GA/Alc ratio as a biomarker for predict-

ing the onset and severity of DKA in children with
T1DM.

MATERIALS AND METHODS

Study population

Information was gathered by accessing and reviewing
the medical records in Shijiazhuang Fifth Hospital, with
the search criteria of age < 18 years and the date of hos-
pitalization or arrival to monitor the disease progression
from December 1, 2020, through June 1, 2024. Included
patients met the World Health Organization diagnostic
criteria for TLDM. Inclusion criteria: 1) TIDM diag-
nosis met the relevant criteria in the Expert Consensus
on the Standardized Diagnosis and Management of
Type 1 Diabetes Mellitus in Chinese Children (2020)
[12]; 2) DKA developed following a diagnosis of
T1DM, and the diagnostic standards matched those out-
lined in the Guideline for the Management of Diabetic
Ketoacidosis in Children (2009), i.e. blood glucose
> 11.1 mmol/L, venous blood pH < 7.3, or HCO3- < 15
mmol/L, ketonemia and ketonuria; and 3) clinical data
were complete. Exclusion criteria: 1) organ failure and
2) chronic complications other than DKA, such as
T1DM peripheral neuropathy, TIDM peripheral vascu-
lopathy, TIDM ophthalmopathy, and T1DM nephropa-
thy.

A total of 224 children with T1DM, aged 2 - 18 years
old, were included, out of which 82 (36.61%) children
had DKA, and 142 (63.39%) were diagnosed with
T1DM only. The study was approved by the Shijiaz-
huang Fifth Hospital research ethical review board, and
informed consent was waived.

The following information were obtained from the data-
base: general data (age, gender, family history of DM,
duration of T1IDM) and laboratory information (white
blood count [WBC], hematocrit, platelet count, plasma
pH at admission, plasma osmolality, bicarbonate
[HCOs-], sodium [Na], potassium, chloride [CI], AG
[Na-CI-HCOs-], blood urea nitrogen [BUN], creatinine,
C-reactive protein, random blood glucose values, GA,
and HbAc1). GA/HbACc1 ratio was calculated.

DKA disease severity was further differentiated accord-
ing to pH and HCOs- [13]. Mild: pH < 7.3, or HCO3- <
15 mmol/L; moderate: pH < 7.2, or HCOs- < 10
mmol/L; severe: pH < 7.1, or HCO3- < 5 mmol/L.

Statistical analysis

The sample size of the study was estimated using
G*Power software version 3.1.9.2 with a significance
level of o = 0.05, power of 1-B = 0.8, effect size of d =
0.5, and two-sided tests were performed. Statistical ana-
lyses were performed using SPSS 20.0 software (IBM,
NY, USA). The Shapiro-Wilk test was used to deter-
mine the normality of the data. For the normal distribu-
tion, measurement data were shown as mean + standard
deviation and comparatively analyzed by Student's
t-test; for the skewed distribution, data were shown as
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Table 1. Clinical characteristics of DKA and non-DKA patients.

Indices Non-DKA (n = 142) DKA (n = 82) p
Age, years 112+4.2 9.4+38 <0.001
Gender, male/female 74/68 39/43 0.512
Family history of DM 21 (14.79) 12 (14.63) 0.975
DM duration, months 3[0.5, 24.6] 2[0.2,13.8] <0.001
WBC (10%/mm?d) 9.4 [4.0,12.4] 10.2 [4.0, 19.6] <0.001
Hematocrit level (%) 41.6 [36.2, 46.2] 40.2 [35.6, 47.5] 0.925
Platelet, mm3 227 [156, 299] 289 [176, 462] <0.001
Plasma pH (at admission) 7.39+0.11 7.16 £0.12 <0.001
Mean osmolality
mOsm/Kg (at admission) 298 £11.5 301.5+10.3 0.726
HCOs-
mEg/L (at admission) 22.1[22.5,24.2] 10.0 [3.6, 17.6] <0.001
Na
mEg/L 138.0 [134.0, 143.0] 128.0 [126.0, 140.0] 0.005
K
mEq/L 4.2 [3.5,5.6] 4.3[3.2,5.6] 0.51
Cl
mEg/L 99.0 [98.0, 104.0] 98.0 [96.0, 104.0] 0.791
Anion gap
mEq/L 13.2 [10.9, 14.2] 21.2 [12.3,31.0] <0.001
BUN
mg/dL 12 [10, 21] 16 [11, 22] 0.058
Creatinine
mg/dL 0.7 [0.6, 0.9] 0.7 [0.4,0.9] 0.764
DKA severity
Mild / 28 (34.15) /
Moderate / 22 (26.83) /
Severe 32 (39.02) /
CRP
mg/dL 0.52[0.42, 3.12] 0.61[0.4,3.22] 0.128
Random blood glucose (at admission)
mmol/L. 16.0+7.2 20.6 £8.9 < 0.001
Cg/A 15.33+1.89 15.69 + 1.46 <0.001
(0]
H?)/'?J‘ﬂ 6.23 [5.61, 7.07] 6.33 [5.87, 6.62] 0.7011

Continuous data are displayed as X + S or median (M1, M3). Categorical values are shown as n (%0). Student's t-test or Mann-Whitney U test
was used to assess the differences between the continuous values of the two groups. Chi-squared test was used to assess the differences in cate-

gorical variables.

DM - diabetes mellitus, WBC - white blood cell count, HCOs- - bicarbonate, BUN - blood urea nitrogen, DKA - diabetic ketoacidosis, GA -

glycated albumin, HbAc1 - glycosylated hemoglobin. p < 0.05 was statistically significant.

median (M1, M3) and analyzed by Mann-Whitney U-
test. Count data were expressed as frequency (n) and
rate (%) and were tested using chi-squared test. The val-
ue of GA and GA/Alc ratio in differentiating patients
with DKA from those with non-DKA or in differentiat-
ing patients with mild-moderate and severe DKA was
evaluated by using the receiver operating characteristic
curve (ROC) and area under the curve (AUC). The cut-
off values obtained from the curves were also used to
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calculate the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV).
Using multivariate logistic regression with the non-
DKA group as the reference, the correlation between
the GA/Alc ratio and the risk of developing DKA was
assessed adjusting or not adjusting for confounders, and
the odd ratio (OR) and 95% confidence interval (CI)
were calculated. Restricted cubic spline curves (RCS)
were plotted using the software package 4.0.5 for the R
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Table 2. Cutoff value, sensitivity, and specificity of GA and GA/Alc ratio in differentiating DKA and DKA severity.

Distinguished AUC Sensitivity Specificity PPV | NPV
categories e (95% CI) P s % % % %
GA @ 67%7_403809) <0001 | 16.85 60.98 7817 | 39.22 | 63.79
DKA and non-DK - 0 613.
GA/Alc ratio (0.537 - 0.689) 0.005 2.46 62.2 58.45 4732 | 74.11
GA 0.733 0001 | 1525 87.5 58.82 56 | 875
Mild-moderate (0.525 - 0.841) ' ' ' ' '
and severe DKA . 0.783
GA/Alc ratio (0.679 - 0.887) <0.001 2.585 68.75 81 68.75 80

AUC - area under the curve, 95% CI - 95% confidence interval, PPV - positive predictive value, PPV - negative predictive value. p < 0.05 was

statistically significant.

Table 3. Unadjusted and adjusted multivariate logistic regression analysis of the correlation between GA/Alc ratio and DKA.

GA GA/Alc ratio
OR (95% CI) p OR (95% CI) p
Model 1 1.65 (1.33 - 2.05) <0.001 4.51 (1.09 - 18.73) 0.038
Model 2 1.58 (1.23 - 2.24) <0.001 3.45(2.21 - 15.57) 0.066
Model 3 1.75 (1.34 - 2.62) <0.001 3.67 (2.57 - 15.95) 0.046

Model 1 - without any adjustment, Model 2 - after adjusting for age and gender, Model 3 - further adjusted for DM family history and DM

duration. p < 0.05 was statistically significant.

Arbeit-PClanguage. Data were plotted using GraphPad
Prism 8 (GraphPad, CA, USA). p < 0.05 was considered
statistically significant.

RESULTS

Clinical characteristics of patients and GA/Alc ratio
Out of the 224 patients with T1DM, 113 (50.45%) were
male and 111 (49.55%) were female. Table 1 shows the
general demographics and routine laboratory indices of
DKA and non-DKA patients. Patients in the non-DKA
cohort were known to be older and had a longer dura-
tion of TIDM (p < 0.001). The DKA cohort had higher
WBC and platelet counts at diagnosis (p < 0.001). The
DKA cohort had lower plasma pH (p < 0.001), Na (p =
0.005), HCOs- (p < 0.001), and higher AG (p < 0.001).
In addition, patients with DKA had higher randomized
glucose values and GA levels (both p < 0.001). We did
not observe any significant difference between the two
cohorts of children with hematocrit and plasma osmo-
lality, which was due to the fact that the presence of
acute renal impairment and clinical signs of cerebral
edema was not detected in these patients at DKA diag-
nosis.

The GA/Alc ratio was lower in the non-DKA cohort
than in the DKA cohort (Figure 1A, p < 0.001); of inter-

est, the GA/ALc ratio was higher in patients with severe
DKA than in those with mild and moderate DKA (Fig-
ure 1B, p < 0.001, p = 0.04). The GA/Alc ratio was
marginally greater in patients with moderate DKA com-
pared to those with mild DKA, but the difference was
not statistically significant, and the small sample size
might have impacted the robustness of this analysis.

Correlation analysis of GA, GA/Alc ratio, and DKA
Next, the value of GA and GA/Alc ratio in differentiat-
ing non-DKA from DKA and DKA severity was ana-
lyzed using ROC and AUC (Figure 2; Table 2). GA had
a better discriminatory value than the GA/Alc ratio in
non-DKA versus DKA (AUC, 0.743 vs. 0.613). How-
ever, PPV and NPV at a threshold value of 16.85% for
GA were significantly lower than the threshold value of
2.46 for the GA/ALc ratio. In assessing the discrimina-
tory value of mild-moderate and severe DKA, relative
to GA, a GA/Alc ratio of 2.585% had higher AUC
(0.783 vs. 0.733), specificity (81.00% vs. 58.82%), and
PPV (68.7 % vs. 56.00%).

Table 3 shows the correlation between GA, GA/Alc ra-
tio, and DKA after adjusting for confounders. The anal-
ysis, which adjusted for multiple variables including
age, gender, family history of DM, and DM duration
using a multifactorial logistic regression model, reveal-
ed that an increase in GA and GA/Alc ratio was associ-
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Figure 1. Comparison of GA/Alc ratios between groups of patients.

A - GA/Alc ratio in patients with DKA versus hon-DKA. B - GA/Alc ratio in patients with mild, moderate, and severe DKA. pe.n denotes the
mean - Fweich OF tweich denotes the unequal variance F-test or t-test, greages, Closos denotes the effect size when the sample size of the study cohort
is inconsistent, and when positive, there is a positive effect, and when negative, there is a negative effect. Cl values that do not contain zero
values indicate that the effect is statistically significant, i.e. the observed effect is unlikely to be due to chance. nqs denotes the sample size.
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AROC curves of GA and GA/A1c ratio in distinguishing
between DKA and non-DKA patients

1.00

o o
0 ~
T ¢

Sensitivity

0.25+

GA
GA/A1c ratio

0.001——

0.00 0.25 0.50 0.75 1.00
1 - Specificity

ROC curves of GA and GA/A1c ratio in distinguishing
between mild-moderate and severe DKA patients

1.00
GA
GA/A1c ratio
> 0.75
=
c
®
0.25-
0.00--— :

0.00 0.25 0.50 0.75 1.00
1 - Specificity

Figure 2. ROC curves of GA and GA/Alc ratio.

A - ROC curves of GA and GA/Alc ratio in distinguishing between DKA and non-DKA patients. B - ROC curves of GA and GA/Alc ratio in

distinguishing between mild-moderate and severe DKA patients.

ated with a high risk of developing DKA in T1DM
patients. GA was associated with the risk of developing
DKA. Of interest, after adjustment for confounders, an
elevated GA/Alc ratio indicated a higher risk of devel-
oping DKA in patients with TIDM compared with GA
(OR, 95 ClI% 3.67 [2.57 - 15.95] vs. 1.75 [1.34 - 2.62]).
After adjusting for confounders, the RCS results
showed that there was a linear relationship between the
GA/Alc ratio and DKA (Figure 3), and an increase in
the GA/ALc ratio was positively associated with a signi-
ficant increase in the risk of developing DKA in TIDM
when the GA/Alc ratio was greater than 2.465.

DISCUSSION

The aim of this study was to highlight the clinical char-
acteristics of children with TIDM and DKA and to as-
sess the association of the occurrence of DKA and dis-
ease severity with the GA/Alc ratio in these children.
This study reported on children with TLDM who devel-
oped DKA, with DKA occurring in about one-third of
the patients, and 39% of these cases were classified as
severe. These DKA patients were characterized by
younger age, shorter duration of DM, abnormalities in
blood routine, and severe electrolyte disturbance, simi-
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Figure 3. Analysis of the linear relationship between GA/Alc and the risk of DKA.

Pror overanl i the p-value for the overall effect; Pror noniinear 1S the p-value for the nonlinear effect.

lar to the clinical characteristics of children with DKA
previously reported [14]. In addition, we observed leu-
kocytosis in children with DKA on admission, which is
common in DKA and does not indicate infection. The
probable cause is attributed to disease stress with elevat-
ed levels of stress hormones [15]. DKA occurs when
blood glucose control is poor, and high blood glucose
leads to osmotic polydipsia, which in turn leads to hy-
povolemia. Unlike blood glucose, which reflects the im-
mediate glycemic characteristics of the body and is easi-
ly influenced by multiple factors, HbAcl and GA are
less subject to fluctuations in external factors and better
reflect the short-term average glycemic status of the
body. In the present study, we did not observe a differ-
ence in HbAcl between children with non-DKA and
DKA. However, we observed that children with DKA
had higher GA and GA/HbAc1 ratio and that children
with severe DKA had higher GA/Alc ratio relative to
children with mild-moderate disease. This suggests an
association between an elevated GA/HbAc1 ratio and
the risk of developing DKA in most children with
T1DM.

The GA/HbAc1 ratio varies significantly among pa-
tients with different types of DM, especially in patients
with acute-onset TIDM [16]. There is a strong correla-
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tion between GA and HbAc1, which may be closely
related to glycemic control in patients. In the context of
DKA, monitoring the GA/HbAc1 ratio may help to bet-
ter understand the metabolic status of patients. GA lev-
els in DM patients may be significantly elevated at the
onset of ketosis, whereas changes in HbAlc may be less
sensitive than GA [17]. In addition, HbAcl may be af-
fected by other factors in some cases, such as erythro-
cyte longevity and HbAc1 variability. GA may have an
advantage over HbAc1 in assessing glycemic control in
DM npatients, especially in the presence of other influ-
encing factors [18]. This partly explains the phenome-
non that there was no statistically significant difference
in HbAcl in DKA patients, but GA was significantly
higher in DKA patients than in non-DKA patients.
Therefore, assessing the GA/HbACcL ratio may provide
clinicians with more accurate information on DM man-
agement.

As the severity of DKA increases, the metabolic status
of the patient deteriorates significantly, which may lead
to an elevated GA/Alc ratio. It has been shown that
GAJ/Alc ratio may be negatively correlated with factors
such as body mass index and urinary albumin to creati-
nine ratio in patients with TIDM [19]. This suggests
that GA/Alc ratio may have potential clinical value in
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assessing cardiovascular risk and metabolic complica-
tions in DM patients. However, this study did not ob-
serve a statistical difference in BUN and creatinine in
DKA patients versus non-DKA, although BUN levels
were slightly higher in children with DKA. In hypergly-
cemia, osmotic polyuria occurs without early renal in-
jury, and kidney function is restored to normal due to
the kidneys' compensatory actions when the effect is re-
versed in a timely manner during hypoperfusion [20].
We did not observe these features with renal injury;
however, this does not fully indicate the absence of re-
nal injury. The GA/ALc ratio is also associated with the
severity of nonalcoholic fatty liver disease in T2DM
[21] and varies significantly with different urinary albu-
min excretion levels [22]. This suggests that changes in
GAJ/Alc ratio may be associated with an early decline
in renal function. The ROC results we obtained further
highlighted the significance of the GA/Alc ratio for
predicting DKA risk in children with TLDM. Compared
to GA, GA/Alc ratio had a higher AUC in differentiat-
ing between mild to moderate and severe DKA. We be-
lieve that it is chronic hyperglycemia in patients with
severe DKA that is associated with damage to various
organ systems, including the kidneys. Earlier, we dis-
cussed that renal injury correlates with a higher GA/Alc
ratio, and that ongoing hyperglycemia results in endo-
thelial dysfunction and increased tissue susceptibility,
which are indicative of microangiopathy [23]. However,
the PPV of the GA/Alc ratio was higher in both differ-
entiating DKA and severe DKA than in GA. Finally,
multivariate logistic regression showed that elevated
GA and GA/Alc ratio were risk factors for the develop-
ment of DKA in patients with TIDM. The RCS results
also confirmed a positive correlation between an in-
crease in GA/ALc ratio and a significant increase in the
risk for the development of DKA in TIDM when GA/
Alc ratio was greater than 2.465.

There are several limitations to this study. First, given
that this is a retrospective study with a relatively small
sample size, the outcomes may be vulnerable to con-
founding errors and bias. Second, even though blood
BUN and creatinine levels were not significantly in-
creased in DKA patients, this does not rule out the pre-
sence of renal injury, and additional relevant indicators
and clinical signs are necessary for comprehensive as-
sessment. Third, GA and HbAcl values for DKA pa-
tients are taken at the time they are diagnosed with
DKA, not when T1DM is diagnosed. Finally, insulin
pump therapy has an effect on HbAc1 levels in children
with T1DM [24]; even though this study found no signi-
ficant difference in HbAcl between DKA and non-
DKA, the possibility that it influences GA levels cannot
be dismissed.

CONCLUSION

This study reveals that the risk of DKA in children with
T1DM is associated with elevated GA and GA/Alc ra-
tio.
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