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BACKGROUND AND AIM: Hypomagnesemia and clotting disorders have been reported among people with diabetes especially
those with type 2 diabetes (T2DM). Magnesium plays a crucial role in hemostasis and hypomagnesemia was found to increase the
thrombotic risk. The patho-mechanism linking magnesium, clotting disorders, and diabetic microangiopathy in T1DM remains to be
unraveled. Hence this study aimed to assess the magnesium level among children and adolescents with T1DM compared to healthy
controls and to correlate it with coagulopathy markers and diabetic microangiopathy.
METHODS: Forty-six children and adolescents with T1DM & 46 controls were assessed for serum magnesium, prothrombin time
(PT), activated-partial thromboplastin time (aPTT), plasminogen activator inhibitor-1 (PAI-1) and HbA1c. The Toronto clinical scoring
system, fundus, urinary microalbumin, and serum fasting lipids were used to assess diabetic microangiopathy.
RESULTS: Children and adolescents with T1DM have significantly lower magnesium, PT, aPTT, and significantly higher PAI-1 than
controls (p<0.001), this is more evident in those having microangiopathy than those without (p<0.001). Serum magnesium is
positively correlated with PT, aPTT, and HDL and negatively correlated with insulin daily dose, PAI-1, HbA1c, triglycerides, and
urinary microalbumin. Multivariate-logistic regression revealed that diabetes duration, HbA1c, PT, aPTT, PAI-1, and urinary
microalbumin were independently associated with serum magnesium among children and adolescents with T1DM (p<0.05).
CONCLUSION: Children and adolescents with T1DM have lower magnesium levels than controls; that is more pronounced among
those having microangiopathy. Low serum magnesium is associated with poor glycemic control, coagulopathy, and diabetic
microangiopathy among children and adolescents with T1DM. Magnesium supplementation combined with standard insulin
therapy in pediatric patients with T1DM is recommended for better glycemic control and prevention of diabetic microangiopathy.
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INTRODUCTION
Magnesium is an essential micronutrient that acts as a cofactor for
approximately 600 enzymes and an activator for a further
approximately 200 enzymes. It plays a vital role in the homeostasis
of other minerals, such as sodium, potassium, and calcium, as well
as in the formation, transfer, storage, and utilization of adenosine
triphosphate (ATP). Moreover, it has many physiological functions,
including DNA and RNA stability maintenance, and regulation of
cellular proliferation, bone metabolism, neuromuscular function-
ing, inflammation, and hemostasis [1].
Magnesium is known to strongly influence the coagulation

cascade. The addition of magnesium in vitro results in the inability
of blood to clot [2]. Although not routinely used, magnesium
sulfate has been successfully used during blood collection as an
alternative to ethylenediaminetetraacetic acid and citrate [3].
Magnesium is thought to interfere with blood clotting by
competing with calcium ions [4].
Magnesium homeostasis is closely linked to blood insulin. On

one hand, insulin affects renal tubular magnesium reabsorption
through upregulating protein expression and transient receptor

potential channel (TRPM) 6 activity in the distal convoluted tubule
[5]. On the other hand, magnesium plays a role in insulin release
regulation and energy metabolism [6].
Individuals with T1DM were found to have a reduced plasma

magnesium concentration compared with controls. Moreover, an
inverse relationship was found between serum magnesium and
glycemic control [7]. Magnesium deficiency is hypothesized to
affect glycemic control by altering cellular glucose transport,
reducing pancreatic insulin secretion, and defective post-receptor
insulin signaling [8].
Studies have linked reduced serum magnesium to various

diabetic complications. Reduced magnesium is thought to
influence diabetic vascular complications through altering inositol
transport, increasing the levels of tumor necrosis factor-alpha, and
increasing the formation of advanced glycosylation end-products
[9].
Plasmin; the enzyme responsible for fibrin breakdown; is

generated from plasminogen through the action of the tissue
plasminogen activator (tPA) [10]. Plasminogen activator inhibitor
(PAI-1) is produced by endothelial cells, platelets, and adipose
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tissue. PAI-1 forms a stable complex with tPA, inhibiting its action
thereby inhibiting excessive clot lysis [11].
Elevated PAI-1 level was found to be associated with an

increased risk of coronary vascular diseases, obesity, insulin
resistance, and T2DM. However, these associations are less evident
when addressing T1DM [12].
Given that people with T1DM have an increased thrombotic risk

and magnesium is known to play an essential role in coagulation
control; this study aims to assess the level of serum magnesium
among children and adolescents with T1DM compared to healthy
matched controls and its correlation with glycemic control,
coagulopathy markers including prothrombin time (PT), activated
partial thromboplastin time (aPTT), plasminogen activator
inhibitor-1 (PAI-1) and diabetic vascular complications.

MATERIALS AND METHODS
Participants
Forty-six children and adolescents with T1DM were recruited from the
regular attendees of the Pediatric and Adolescents Diabetes Unit (PADU),
Ain Shams University, and 46 healthy children were included as a control
group from the healthy siblings of attendees of the outpatient clinic. They
were matched for age and gender. Participants were selected by simple
random sampling.
Diagnosis of T1DM was made according to the criteria of the

International Society of Pediatric and Adolescent Diabetes (ISPAD) 2022
[13].
Exclusion criteria included children and adolescents with proven

hyperlipidemia, hypertension, obesity, other autoimmune diseases, acute
coronary syndrome, stroke, history of deep venous thrombosis or
pulmonary embolism, and history of malignancy or coagulation disorders.
Patients with hypocalcemia and those receiving treatment with aspirin,
clopidogrel, warfarin, nonsteroidal anti-inflammatory drugs, or any drug
that affects the coagulation system were also excluded.

Sample size calculation. Using the PASS 11.0 program & based on a
study carried out by Sobczak et al. [2] a sample size of 92 participants in
total, 46 patients & 46 controls is sufficient to detect a difference of
29.5% between groups in individual fibrin clot parameters given that
power is 80% & confidence level 95% taking in consideration the 10%
drop out rate.
The patient group was further subdivided into 2 groups according to

the presence or absence of microangiopathy (17 patients with
complications and 29 patients without complications).

Ethical considerations
The study protocol was approved by the Ethical Committee of Ain Shams
University with an approval number MS 185/2022 and written informed
consent was obtained from all cases and their legal guardians before
participation.

Procedures
Clinical assessment. All enrolled participants were subjected to detailed
medical history collection with special emphasis on demographic data,
age at onset of diabetes, diabetes duration, and insulin therapy.
Anthropometric measures assessment was done including weight in
kilograms (Kg), height in centimeters (cm), and body mass index (BMI)
calculation in kg/m2 plotting them on age and gender standard
percentiles [14].
The modified magnesium deficiency questionnaire (MDQ)-10 was used

by a single physician to assess the symptoms of magnesium deficiency.
MDQ-10 is a validated 10 questions questionnaire that showed a
significant correlation with hypomagnesemia; its total score range is
0–31, with a cut-off value of >5 [15].
Fundus examination was done for children and adolescents with T1DM

by direct ophthalmoscope through dilated pupils for assessment of
diabetic retinopathy [16]. A complete neurological examination was
performed for children and adolescents with T1DM by a single-blinded
neurologist. The Toronto Clinical Scoring System (TCSS) was adopted as a
screening tool for diabetic peripheral neuropathy. It consists of three
parts: symptom scores, reflex scores, and sensory test scores. The
maximum score is 19 points [17].

Biochemical assessment
Blood sampling: About 5ml of blood volume was withdrawn from each
participant for the following investigations
a) Magnesium level:
Serum magnesium was assessed by the direct method in which a

colored complex is measured at 520/800 nm at Beckman Coulter Au 480.
b) Glycosylated hemoglobin (HbA1c):
HbA1c measurement was carried out using the Tina-QuantR HbA1c kit

supplied by Roche Diagnostics on Roche/Hitachi CobasR* c501 System
(Roche Diagnostics International Ltd. CH-6343 Rotkreuz, Switzerland) based
on turbidimetric inhibition immunoassay (TINIA).
c) PT / aPTT clotting:
A blood sample was placed in a clean tube containing sodium citrate.

The citrated blood tube was centrifuged at 2500 rpm for 20minutes and
plasma was separated into a clean Eppendorf tube and used to
immediately measure prothrombin time (PT= 11–13.5 seconds), partial
thromboplastin time (PTT= 23–35 seconds) and calculate the INR (INR=
patient PT/normal reference range of PT= 0.8–1.1). The coagulation profile
included PT, PTT, and INR was performed by viscosity-based electro-
mechanical detection systems using Stago STA4 Compact (Diagnostica
Stago, France).
d) Serum levels of PAI-1:
Determination of serum levels of PAI-1 using ELISA based on double

antibody sandwich tech (Bioassay Technology Laboratory; E1159HU,
Shanghai Korain Biotech Co., Shanghai, China).
e) Fasting serum triglycerides (TG) and total cholesterol (TC) were

assessed by quantitative enzymatic colorimetric technique (Bio Merieux-
Diagnostic Chemicals Ltd., Charlottetown, CA, USA). Serum high-density
lipoprotein (HDL) was measured by the phosphotungstate precipitation
method (Bio Merieux kit, Marcyl’Etoile, Craponne, France). LDL cholesterol
was calculated by Friedewald’s formula [18].

Urine sampling: Urinary albumin excretion in 3 consecutive early
morning fasting spot urine samples was assayed for children and
adolescents with T1DM by an immuno-turbidimetric method using the
Beckman Colter AU 480 system (Beckman coulter, Inc. 250 s. Kraemer Blvd.
Brea, CA92821, USA. Albuminuria was defined by an albumin excretion rate
of > 30mg/g creatinine, microalbuminuria as urinary albumin excretion
30–299mg/g creatinine and macroalbuminuria as urinary albumin
excretion ≥ 300mg/g creatinine. Nephropathy was defined as having
micro or macro-albuminuria [19].

Statistical analyses. Data were collected, revised, coded, and entered into
the Statistical Package for Social Science (IBM SPSS) version 27. The
quantitative data were presented as mean, standard deviations, and
ranges when their distribution was found parametric. Qualitative variables
were presented as numbers and percentages.
The comparison between the two groups regarding qualitative data was

done by using the Chi-square test. The comparison between two
independent groups with quantitative data and parametric distribution
was done by using the independent t-test. Spearman correlation
coefficients were used to assess the correlation between two quantitative
parameters in the same group. Stepwise multiple linear regression
analysis was performed to detect the most significant independent
variables associated with hypomagnesemia among the studied children
and adolescents with T1DM. The confidence interval was set to 95% and
the margin of error accepted was set to 5%. So, the pvalue was considered
significant at the level of <0.05.

RESULTS
This controlled cross-sectional study included 46 randomly
selected children and adolescents with T1DM & 46 age and
gender-matched healthy controls. There were no dropouts. The
mean age of the studied children and adolescents with T1DM was
13.7 ±3.1 years, with a mean diabetes duration of 7.9±1.8 years.
Their mean HbA1c % was 9.2 ±1.5%. They were all on basal bolus
insulin regimen with a mean total insulin daily dose of 0.99 U/kg/
day and self-monitoring of blood glucose 7 times daily. As regards
microangiopathy, 17 had nephropathy (39.7%), one had non-
proliferative diabetic retinopathy (2.2%) and two had both
neuropathy and nephropathy (4.3%). None of the patients was
on additional medications for the complications. The clinico-
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laboratory characteristics of the studied children and adolescents
with T1DM are described in Table 1.

Serum magnesium among children and adolescents
with T1DM
The studied children and adolescents with T1DM exhibited clinical
manifestations of hypomagnesemia using the MDQ-10 in 28.3%,
including tingling in 21.7% and muscle cramps in 26.1%. The
mean serum magnesium of the studied children and adolescents
with T1DM was 1.3 mg/dl, range 0.6–1.5. Clinical manifestations of
hypomagnesemia were significantly more common among
children and adolescents with T1DM than controls (p<0.001),
which goes in concordance with the serum magnesium that was
significantly lower among children and adolescents with T1DM
than controls (p<0.001), Table 2. Moreover, serum magnesium was
found to be negatively correlated with insulin daily dose
(p=0.042) among the studied children and adolescents with
T1DM, Table 3.

Coagulopathy among children and adolescents with T1DM
As shown in Table 2, children and adolescents with T1DM had
significantly lower PT and aPTT levels with significantly higher PAI-
1 levels than controls (p<0.001).

Hypomagnesemia and metabolic control (microangiopathy
and glycemic control)
Regarding magnesium’s relation to microangiopathy, children and
adolescents with T1DM having microangiopathy were found to
have significantly higher numbness (p=0.019), tingling (p=0.012),
and muscle cramps (p<0.001) with significantly lower serum
magnesium than those without microangiopathy (p<0.001), Fig. 1
and Table 4. Moreover, magnesium was found to be negatively
correlated to urinary microalbumin (p=0.036), HbA1c (p=0.023)
triglycerides (p=0.001) and positively correlated to HDL-
cholesterol (p=0.009) among children and adolescents with
T1DM, Table 3.

Coagulopathy and metabolic control (microangiopathy and
glycemic control)
As for coagulopathy, children and adolescents with T1DM having
microangiopathy were found to have significantly lower PT and
aPTT with significantly higher PAI-1 than those without micro-
angiopathy (p<0.001), Fig. 2 and Table 4.

Hypomagnesemia and coagulopathy
Interestingly, serum magnesium was found to be positively
correlated with PT and aPTT and negatively correlated with
PAI-1 among the studied children and adolescents with T1DM
(p<0.001) but not in controls (p>0.05), Table 3.
Moreover, multivariate logistic regression analysis revealed that

serum magnesium is independently associated with diabetes
duration (p=0.015), HbA1c (p=0.001), PT (P=0.034), aPTT
(p=0.001), urinary microalbumin (p=0.005) and PAI-1 (P=0.001)
among the studied children and adolescents with T1DM, Table 5.

DISCUSSION
Diabetic microangiopathy represent significant morbidity among
people with T1DM. Identifying the patho-mechanism of such
complications and its determining factors is of utmost impor-
tance. Glycemic variability and chronic hyperglycemia among
people with diabetes were found to be accompanied by an
increased risk of atherosclerosis, vascular complications, and
hypercoagulability [20]. This is thought to result from endothelial
dysfunction, enhanced platelets activity, abnormal coagulation
factors activity, together with impairment in the fibrinolytic
system [21, 22].
Regarding the coagulation system, shortened PT and aPTT are

known to reflect a hypercoagulable state, which is potentially
associated with increased thrombotic risk and vascular complica-
tions [23, 24]. In the current study, children and adolescents with
T1DM were found to have significantly reduced PT and aPTT
levels than controls. This reduction in PT and aPTT was more
evident in those having diabetic microangiopathy than those
without. In line with these results, Zhao et al. and Lippi et al.
found that aPTT values in people with T2DM, high risk of diabetes,
or impaired fasting glucose were significantly shorter than
controls suggesting that aPTT might be a risk predictor of
thrombosis and microangiopathy among people with diabetes
[25]. Similarly, Sapkota et al. and Kim and colleagues reported
shortening of PT and aPTT in adults with T1DM in comparison to
healthy controls [26, 27]. On the contrary, Binay et al. found no
difference in PT, and aPTT between children with T1DM and
healthy controls [28]; which could be attributed to the shorter
diabetes duration in their study (3.15 ± 2.49 years) versus (7.9 ±
1.8 years) in the current study and the absence of microangio-
pathy in their cohort.
As for the fibrinolytic system, diabetes was found to be

associated with hypo-fibrinolysis even early in the course of the
disease contributing directly to the enhanced microvascular risk in
this population [29]. A central regulator of fibrinolysis that is
affected in diabetes is the plasminogen activator inhibitor PAI-1

Table 1. Clinico-laboratory characteristics of the studied children and
adolescents with T1DM.

Children and adolescents
with T1DM (n=46)

Clinical:

Gender Male 21 (45.7%)

Female 25 (54.3%)

Age (years) Mean ± SD 13.7±3.1

Range 8–18

Diabetes duration (years) Mean ± SD 7.9±1.8

Range 5–14

Daily insulin dose (unit/kg/day) Mean ± SD 0.99±0.67

Range 0.33–2.4

Laboratory:

HbA1c % Mean ± SD 9.2±1.5

Range 6.9–14

Cholesterol (mg/dl) Mean ± SD 173.0±41.6

Range 122.0–270.0

Triglycerides (mg/dl) Mean ± SD 92.1±33.8

Range 40.0–166.0

HDL (mg/dl) Mean ± SD 55.3±14.9

Range 31.0–87.0

LDL-c (mg/dl) Mean ± SD 100.9±23.1

Range 60.0–160.0

Magnesium (mg/dL) Mean ± SD 1.3±0.1

Range 0.6-1.5

PT (seconds) Mean ± SD 11.1±0.2

Range 7-11.5

APTT (seconds) Mean ± SD 21.2±1.9

Range 15-24

PAI-1 (ng/ml) Mean ± SD 10.3±4.9

Range 3.7–24

T1DM Type 1 diabetes mellitus, HbA1c Glycated hemoglobin, HDL high-
density lipoproteins, LDL-c low-density lipoproteins, PT prothrombin time,
aPTT activated partial thromboplastin time, PAI-1 plasminogen activator
inhibitor-1.
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[30]. In the current study, children and adolescents with T1DM
were found to have significantly higher PAI-1 than controls. This
elevated PAI-1 level was even higher in those having microangio-
pathy than those without. In line with these results, Adly and
colleagues found elevated PAI-1 levels in children with T1DM
especially those having microangiopathy [30]. Similarly, Aleman
and colleagues found significantly higher PAI-1 levels among
children with T1DM without microangiopathy, that were corre-
lated with HbA1c and fibrinogen levels [31]. In contrast, Agren and
colleagues found that despite the increased incorporation of
antiplasmin into the fibrin network among adults with T1DM, they
had lower PAI-1 levels than controls. However, among their cohort
with T1DM; those with T1DM on statins (probably due to diabetic
microangiopathy) had higher levels of PAI-1 than those not on
statins [1]. The increased PAI-1 in T1DM is supported by in vitro
studies that found that increased glucose concentration enhances
PAI-1 expression in both endothelial and vascular smooth muscle
cells [32].
Magnesium plays a crucial role in normal cellular physiology

and metabolism, being a cofactor of multiple enzymes,
regulator of energy generation and ion channels. Moreover, it

has a role in vascular tone regulation, atherogenesis, and
endothelial proliferation. Magnesium deficiency was found to
increase endothelial susceptibility to oxidative stress promoting
endothelial dysfunction, reduce fibrinolysis, and increase
coagulation [33].
Hypomagnesemia is a common morbidity in people with

T2DM. It is reported to be 10-fold more common in people with
T2DM than the general population. In T2DM, hypomagnesemia
has been linked to insulin resistance, poor glycemic control and
diabetic microangiopathy [34]. In T1DM, hypomagnesemia is
thought to be less common and its relation to diabetic
microangiopathy has not been thoroughly investigated. The
mean serum magnesium of the studied children and adolescents
with T1DM was 1.3 mg/dl, range 0.6-1.5, with only 2 children
having hypomagnesemia (4.3%). This goes in concordance with
recent studies on large cohorts with T1DM that found compar-
able prevalence of hypomagnesemia among people with T1DM
0 f 2.9% and 4.3% respectively [35, 36]. Although frank
hypomagnesemia was not prevalent among the studied children
and adolescents with T1DM; their mean magnesium level was
significantly lower than controls. This goes in line with Fritzen and

Table 2. Comparison between children and adolescents with T1DM and controls regarding various clinico-laboratory parameters.

Children and adolescents
with T1DM

Control

(n=46) (n=46) Test p value

Gender Male 21 (45.7%) 18 (39.1%) X2=0.41 0.520

Female 25 (54.3%) 28 (60.9%)

Age (years) Mean ± SD 13.7±3.1 12.9±2.9 t=0.98 0.260

Range 8–18 7–18

Clinical:

MDQ-10 Deficiency 13 (28.3%) 0 (0.0%) X2=15.1 <0.001*

Tingling Positive 10 (21.7%) 0 (0.0%) X2=11.2 <0.001*

Muscle cramps Positive 12 (26.1%) 0 (0.0%) X2=13.8 <0.001*

Laboratory:

Magnesium (mg/dL) Mean ± SD 1.3 ±0.1 2.0 ±0.2
1.7-2.4

t=20.8 <0.001*

Range 0.6-1.5

PT (seconds) Mean ± SD 11.1 ±0.2 12.3 ±0.3
12-13

t=21.6 <0.001*

Range 7–11.5

APTT (seconds) Mean ± SD 21.2 ±1.9 31.1 ±2.7
25-35

t=17.6 <0.001*

Range 15–24

PAI-I (ng/ml) Mean ± SD 10.3 ±4.9 2.8 ±1.3
1.5-10.5

t=9.95 <0.001*

Range 3.7–24

Cholesterol (mg/dl) Mean ± SD 173.0 ±41.6 101.9 ±10.7
85.0-123.0

t=11.23 <0.001*

Range 122.0–270.0

Triglycerides (mg/dl) Mean ± SD 92.1 ±33.8 66.4 ±18.3
40.0-91.0

t=4.53 <0.001*

Range 40.0–166.0

HDL (mg/dl) Mean ± SD 55.3 ±14.9 67.4 ±8.11 t=-4.81 <0.001*

Range 31.0–87.0 54.0-84.0

LDL-c (mg/dl) Mean ± SD 100.9 ±23.1 81.5 ±14.1 t=4.84 <0.001*

Range 60.0-160.0 65.0-110.0

X2: Chi square test, t: Student t-test, Bold and asterisk (*): significant.
T1DM Type 1 diabetes mellitus, MDQ-10 magnesium deficiency questionnaire-10, HDL high-density lipoproteins, LDL-c low density lipoproteins, PTprothrombin
time, aPTT activated partial thromboplastin time, PAI-1 plasminogen activator inhibitor-1.
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colleagues who reported significantly lower mean plasma
magnesium concentration in people with T1DM compared with
age-matched controls [36].
Moreover, children and adolescents with T1DM having micro-

angiopathy were found to have significantly lower serum
magnesium than those without microangiopathy. In addition,
magnesium was found to be negatively correlated with urinary
microalbumin, HbA1c, triglycerides and positively correlated with

HDL cholesterol among children and adolescents with T1DM
indicating that even minimal reduction in magnesium concentra-
tion might have negative consequences. These findings are in line
with data by Van Dijk and colleagues who found that markers of
oxidative stress exhibit a negative correlation with magnesium
level [5] and with older studies showing a significant association
between low magnesium concentrations and poor glycemic
control and the presence of diabetic microangiopathy [37–39].
Postulated patho-mechanisms linking low magnesium concentra-
tions with diabetic vascular complications include higher levels of
tumor necrosis factor-alpha and increased formation of advanced
glycosylation end products [9, 40]. In the current study, we
suggest an association between low magnesium concentration;
hypofibrinolysis, reduced PT and PTT, poor glycemic control and
diabetic microangiopathy; rendering magnesium a possible
therapeutic target for prevention and treatment of diabetic
microangiopathy.
In support with this postulation, serum magnesium was found

to be positively correlated with PT, aPTT and HDL, and negatively
correlated with PAI-1, HbA1c, triglycerides among the children
and adolescents with T1DM, but not in controls which suggest its
role in diabetic microangiopathy.

STUDY LIMITATIONS
One limitation of this study is its cross-sectional nature which
could not imply causality and the small sample size. Another
limitation is the poor control of most of the studied children
and adolescents with T1DM, given the use of simple random
sampling (only 4 were well controlled), that does not give us
an idea about the magnesium level, coagulation and fibrino-
lytic status of well-controlled children and adolescents with
T1DM. Therefore, larger longitudinal studies, including well-
controlled children and adolescents with T1DM are needed to
identify the mechanistic link between T1DM, hypomagnese-
mia, coagulation disorders, hypo-fibrinolysis, and diabetic
microangiopathy.

CONCLUSION
In conclusion, children and adolescents with T1DM have lower
magnesium, PT, and aPTT and higher PAI-1 levels than controls.
These findings are more pronounced among those having
microangiopathy than those without. Moreover,

Table 3. Correlations between serum magnesium and various clinico-
laboratory data among the studied children and adolescents with
T1DM and controls.

Serum magnesium

Children and
adolescents with
T1DM and controls
(n=46)

Controls (n=46)

r P value r P value

Age (years) 0.223 0.137 0.004 0.976

Diabetes Duration
(years)

−0.247 0.098 - -

Insulin daily dose
(unit/kg/day)

−0.244 0.042* - -

PT (seconds) 0.856 <0.001* 0.181 0.288

APTT (seconds) 0.808 <0.001* 0.070 0.964

PAI-I (ng/ml) −0.643 <0.001* −0.120 0.325

HbA1c % −0.294 0.023* - -

Urinary micro
albumin mg/gm
creatinine

−0.286 0.036* - -

Cholesterol (mg/dl) −0.045 0.769 0.001 0.995

Triglycerides (mg/dl) −0.467 0.001* 0.141 0.351

HDL (mg/dl) 0.382 0.009* -0.004 0.982

LDL (mg/dl) −0.100 0.510 0.048* 0.751

Spearman correlation co-efficient, r: correlation co-efficient, Bold and
asterisk (*): significant.
PT Prothrombin time, APTT Activated Partial Thromboplastin Time, PAI-I
Plasminogen Activator Inhibitor Type-1, HDL High-density lipoprotein, LDL
Low-density lipoprotein.

Fig. 1 Comparison between children and adolescents with T1DM with and without diabetic vascular complications as regarding serum
magnesium level.
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hypomagnesemia is independently associated with poor glyce-
mic control, coagulopathy, hypofibrinolysis, and diabetic micro-
angiopathy among children and adolescents with T1DM. Thus,
hypomagnesemia might have a mechanistic role in the
pathogenesis of coagulation disorders and hypo-fibrinolysis
among children and adolescents with T1DM contributing to
diabetic microangiopathy. Hence, providing therapeutic mod-
alities targeting hypomagnesemia, PAI-1, PT, and aPTT

abnormalities could provide insight into the prevention and
treatment of diabetic microangiopathy. Magnesium supplemen-
tation combined with standard insulin therapy in pediatric
patients with T1DM is recommended for better glycemic control
and prevention of diabetic microangiopathy. Further larger
longitudinal studies are mandatory to clarify the effect of
magnesium supplementation on the control of T1DM, as well as
its effect on diabetic microangiopathy.

Table 4. Comparison between children and adolescents with T1DM with and without vascular complications regarding various clinico-laboratory
parameters.

Children and adolescents with T1DM

With vascular
complications (n=17)

Without vascular
complications (n=29)

Test P value

Symptoms of magnesium
deficiency

MDQ-1 Deficiency 7
38.9%

6
21.4%

X2=2.6 0.019*

Tingling Positive 6
33.3%

4
14.3%

X2=2.2 0.012*

Muscle cramps Positive 8
44.4%

4
14.3%

X2=5.1 <0.001*

Laboratory parameters

Magnesium (mg/dL) Mean ± SD 0.9±0.1 1.3±0.1 t=14.1 <0.001*

Range 0.7-1.0 1.2-1.5

PT (seconds) Mean ± SD 8.2±2.0 11.0±0.3 t=7.3 <0.001*

Range 7-10 10-11.5

aPTT (seconds) Mean ± SD 15.7±0.8 21.3±1.8 t=12.3 <0.001*

Range 15-18 18-24

PAI-I (ng/ml) Mean ± SD 11.0±5.2 9.3±4.3 t=4.6 <0.001*

Range 4-21 3.7-24

X2: Chi square test, t: Student t-test, MDQ-10 magnesium deficiency questionnaire-10, PT Prothrombin time, aPTT Activated Partial Thromboplastin Time, PAI-I
Plasminogen Activator Inhibitor Type-1.
Bold and asterisk (*): significant.

Fig. 2 Comparison between children and adolescents with T1DM with and without diabetic vascular complications as regarding plasminogen
activator inhibitor-1 (PAI-1) level.

D.N. Toaima et al.

6

Nutrition and Diabetes           (2025) 15:13 



DATA AVAILABILITY
The data sets used and/or analyzed during the current study are available from the
corresponding author upon reasonable request.

REFERENCES
1. Agren A, Jörneskog G, Elgue G, Henriksson P, Wallen H, Wiman B. Increased

incorporation of antiplasmin into the fibrin network in patients with type 1
diabetes. Diab Care. 2014;37:2007–14. https://doi.org/10.2337/DC13-1776.

2. Sobczak A, Phoenix F, Pitt S, Ajjan R, Stewart A. Reduced Plasma Magnesium
Levels in Type-1 Diabetes Associate with Prothrombotic Changes in Fibrin Clot-
ting and Fibrinolysis. Thromb Haemost. 2020;120:243–52. https://doi.org/
10.1055/s-0039-3402808.

3. Mannuß S, Schuff-Werner P, Dreißiger K, Kohlschein P. Magnesium sulfate as an
alternative in vitro anticoagulant for the measurement of platelet parameters?
Am J Clin Pathol. 2016;145:806–14.

4. Mathew A, Panonnummal R. Magnesium’-the master cation-as a drug—possibi-
lities and evidences. Biometals. 2021;34:955–86. https://doi.org/10.1007/s10534-
021-00328-7.

5. Van Dijk P, Waanders F, Qiu J, de Boer H, van Goor H, Bilo H. Hypomagnesemia in
persons with type 1 diabetes: associations with clinical parameters and oxidative
stress. Therapeutic Advances in Endocrinology and Metabolism. 2020;11. https://
doi.org/10.1177/2042018820980240.

6. Gommers L, Hoenderop J, Bindels R, de Baaij J. Hypomagnesemia in Type 2 Dia-
betes: A Vicious Circle? Diabetes. 2016;65:3–13. https://doi.org/10.2337/db15-1028.

7. Ren Q, Wang H, Zeng Y, Tan X, Cheng X, Zhou T, et al. The Association Between
Serum Magnesium Levels and Gestational Diabetes Mellitus: a Systematic Review
and Meta-Analysis. Biol Trace Elem Res. 2023;201:5115–25. https://doi.org/
10.1007/s12011-023-03591-6.

8. Ebrahimi Mousavi S, Ghoreishy SM, Hemmati A, Mohammadi H. Association
between magnesium concentrations and prediabetes: a systematic review and
meta-analysis. Sci Rep. 2021;11:24388. https://doi.org/10.1038/s41598-021-03915-3.

9. Rodrigues A, Melo A, Domingueti C. Association between reduced serum levels of
magnesium and the presence of poor glycemic control and complications in type
1 diabetes mellitus: A systematic review and meta-analysis. Diab Metab Syn-
drome: Clin Res Rev. 2020;14:127–34. https://doi.org/10.1016/j.dsx.2020.01.015.

10. Lin H, Xu L, Yu S, Hong W, Huang M, Xu P. Therapeutics targeting the fibrinolytic
system. Exp Mol Med. 2020;52:367–79. https://doi.org/10.1038/s12276-020-0397-x.

11. Sillen M, Declerck PJ. A Narrative Review on Plasminogen Activator Inhibitor-1
and Its (Patho)Physiological Role: To Target or Not to Target? Int J Mol Sci.
2021;22:2721. https://doi.org/10.3390/ijms22052721.

12. Alessi M, Juhan-Vague I. PAI-1 and the metabolic syndrome: links, causes, and
consequences. Arterioscler Thromb Vasc Biol. 2006;26:2200–7. https://doi.org/
10.1161/01.ATV.0000242905.41404.68.

13. Libman I, Haynes A, Lyons S, Pradeep P, Rwagasor E, Tung JY, et al. ISPAD Clinical
Practice Consensus Guidelines 2022: Definition, epidemiology, and classification
of diabetes in children and adolescents. Pediatr Diab. 2022;23:1160–74. https://
doi.org/10.1111/pedi.13454.

14. Couch S, Urbina E, Crandell J, Liese A, Dabelea D, Kim G, et al. Body Mass Index
Z-Score Modifies the Association between Added Sugar Intake and Arterial
Stiffness in Youth with Type 1 Diabetes: The Search Nutrition Ancillary Study.
Nutrients 2019;11:1752.

15. Orlova S, Dikke G, Pickering G, Konchits S, Starostin K, Bevz A. Magnesium
Deficiency Questionnaire: A New Non-Invasive Magnesium Deficiency Screening
Tool Developed Using Real-World Data from Four Observational Studies. Nutri-
ents. 2020;12:2062. https://doi.org/10.3390/nu12072062.

16. Wilkinson CP, Ferris FL 3rd, Klein RE, Lee P, Agardh C, Davis M, et al. Global
Diabetic Retinopathy Project Group. Proposed international clinical diabetic
retinopathy and diabetic macular edema disease severity scales. Ophthalmology.
2003;110:1677–82. https://doi.org/10.1016/s0161-6420(03)00475-5.

17. Bril V, Perkins BA. Validation of the Toronto Clinical Scoring System for diabetic
polyneuropathy. Diab Care. 2002;25:2048–52.

18. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative ultra-
centrifuge. Clin Chem. 1972;18:499–502.

19. Viberti GC, Hill RD, Jarrett RJ, Argyropoulos A, Mahmud U, Keen H. Micro-
albuminuria as a predictor of clinical nephropathy in insulin-dependent diabetes
mellitus. Lancet 1982;1:1430–2.

20. Hirsch I. Glycemic Variability and Diabetes Complications: Does It Matter? Of
Course It Does. Diab Care. 2015;38:1610–4. https://doi.org/10.2337/dc14-2898.

21. Hess K, Alzahrani S, Mathai M, Schroeder V, Carter A, Howell G, et al. A novel
mechanism for hypofibrinolysis in diabetes: The role of complement C3. Diabe-
tologia. 2012;55:1103–13. https://doi.org/10.1007/s00125-011-2301-7.

22. Kearney K, Tomlinson D, Smith K, Ajjan R. Hypofibrinolysis in diabetes: A ther-
apeutic target for the reduction of cardiovascular risk. Cardiovasc Diabetol
2017;16:1–17. https://doi.org/10.1186/s12933-017-0515-9.

23. Lippi G, Salvagno GL, Ippolito L, Franchini M, Favaloro EJ. Shortened activated
partial thromboplastin time: causes and management. Blood Coagul Fibrinolysis.
2010;21:459–63.

24. Barazzoni R, Zanetti M, Davanzo G, Kiwanuka E, Carraro P, Tiengo A, et al.
Increased fibrinogen production in type 2 diabetic patients without detectable
vascular complications: correlation with plasma glucagon concentrations. J Clin
Endocrinol Metab. 2000;85:3121–5. https://doi.org/10.1210/jcem.85.9.6779.

25. Zhao Y, Zhang J, Zhang J, Wu J. Diabetes Mellitus Is Associated with Shortened
Activated Partial Thromboplastin Time and Increased Fibrinogen Values. PLOS
ONE. 2011;6:e16470. https://doi.org/10.1371/journal.pone.0016470.

26. Sapkota B, Shrestha SK, Poudel S. Association of activated partial thromboplastin
time and fibrinogen level in patients with type II diabetes mellitus. BMC Res
Notes. 2013;6:485.

27. Kim H, Kim J, Park S, Kim Y, Nam-Goong I, Kim E. High coagulation factor levels
and low protein C levels contribute to enhanced thrombin generation in patients
with diabetes who do not have macrovascular complications. J Diab Complicat.
2014;28:365–9.

28. Binay C, Bozkurt Turhan A, Simsek E, Bor O, Akay OM. Evaluation of coagulation
profile in children with type1 diabetes mellitus using rotational thromboelasto-
metry. Indian J Hematol Blood Transfus. 2017;33:574–80.

Table 5. Linear Regression analysis for factors associated with hypomagnesemia among the studied children and adolescents with T1DM.

Unstandardized
Coefficients

Standardized Coefficients t Sig. 95.0% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound

(Constant) 0.196 0.254 0.771 0.446 −0.321 0.713

Diabetes duration (years) −0.052 0.011 −0.293 −2.915 0.015* −0.075 0.001

HBA1C % −0.206 0.115 −0.434 −3.381 0.001* −0.337 −0.026

PT (sec) 0.033 0.016 0.297 2.202 0.034* −0.001 0.066

aPTT (sec) 0.042 0.012 0.526 3.633 0.001* 0.019 0.066

Cholesterol (mg/dl) 0.001 0.001 0.133 1.417 0.166 0.000 0.002

Triglycerides (mg/dl) −0.001 0.001 −0.098 −0.911 0.369 −0.002 0.001

HDL (mg/dl) 0.002 0.002 0.096 1.014 0.318 −0.002 0.005

LDL (mg/dl) −0.001 0.001 −0.108 −1.052 0.301 −0.003 0.001

Urinary microalbumin −0.211 0.103 −0.343 −2.866 0.005* −0.460 −0.112

PAI-1 0.276 0.093 0.511 4.132 0.001* 0.011 0.543

Bold and asterisk (*): significant.
PT Prothrombin time, APTT Activated Partial Thromboplastin Time, PAI-IPlasminogen Activator Inhibitor Type-1, HDL High-density lipoprotein, LDL Low-density
lipoprotein.

D.N. Toaima et al.

7

Nutrition and Diabetes           (2025) 15:13 

https://doi.org/10.2337/DC13-1776
https://doi.org/10.1055/s-0039-3402808
https://doi.org/10.1055/s-0039-3402808
https://doi.org/10.1007/s10534-021-00328-7
https://doi.org/10.1007/s10534-021-00328-7
https://doi.org/10.1177/2042018820980240
https://doi.org/10.1177/2042018820980240
https://doi.org/10.2337/db15-1028
https://doi.org/10.1007/s12011-023-03591-6
https://doi.org/10.1007/s12011-023-03591-6
https://doi.org/10.1038/s41598-021-03915-3
https://doi.org/10.1016/j.dsx.2020.01.015
https://doi.org/10.1038/s12276-020-0397-x
https://doi.org/10.3390/ijms22052721
https://doi.org/10.1161/01.ATV.0000242905.41404.68
https://doi.org/10.1161/01.ATV.0000242905.41404.68
https://doi.org/10.1111/pedi.13454
https://doi.org/10.1111/pedi.13454
https://doi.org/10.3390/nu12072062
https://doi.org/10.1016/s0161-6420(03)00475-5
https://doi.org/10.2337/dc14-2898
https://doi.org/10.1007/s00125-011-2301-7
https://doi.org/10.1186/s12933-017-0515-9
https://doi.org/10.1210/jcem.85.9.6779
https://doi.org/10.1371/journal.pone.0016470


29. Sumaya W, Wallentin L, James S, Siegbahn A, Gabrysch K, Himmelmann A, et al.
Impaired Fibrinolysis Predicts Adverse Outcome in Acute Coronary Syndrome
Patients with Diabetes: A PLATO Sub-Study. Thromb Haemost 2020;120:412–22.
https://doi.org/10.1055/s-0039-1701011.

30. Adly A, Elbarbary N, Ismail E, Hassan S. Plasminogen activator inhibitor-1 (PAI-1)
in children and adolescents with type 1 diabetes mellitus: relation to diabetic
micro-vascular complications and carotid intima media thickness. J Diab Com-
plicat. 2014;28:340–7. https://doi.org/10.1016/j.jdiacomp.2014.01.011.

31. Aleman M, Díaz E, Luciardi M, Mariani A, Bazán M, Abregu A. Hemostatic state of
children with type 1 diabetes. Ann Pediatr Endocrinol Metab. 2021;26:99–104.
https://doi.org/10.6065/apem.2040142.071.

32. Chen Y, Su M, Walia R, Hao Q, Covington J, Vaughan D. Sp1 Sites Mediate
Activation of the Plasminogen Activator Inhibitor-1 Promoter by Glucose in
Vascular Smooth Muscle Cells. J Biol Chem 1998;273:8225–31. https://doi.org/
10.1074/jbc.273.14.8225.

33. Oost L, Tack C, de Baaij J. Hypomagnesemia and Cardiovascular Risk in Type 2
Diabetes. Endocr Rev. 2023;44:357–78. https://doi.org/10.1210/endrev/bnac028.

34. Kurstjens S, de Baaij JHF, Bouras H, Bindels RJM, Tack CJJ, Hoenderop JGJ.
Determinants of hypomagnesemia in patients with type 2 diabetes mellitus. Eur J
Endocrinol. 2017;176:19.

35. Oost L, van Heck J, Tack C, de Baaij J. The association between hypomagnesemia
and poor glycaemic control in type 1 diabetes is limited to insulin resistant
individuals. Sci Rep 2022;12:6433. https://doi.org/10.1038/s41598-022-10436-0.

36. Fritzen R, Davies A, Veenhuizen M, Campbell M, Pitt SJ, Ajjan RA, et al. Magnesium
Deficiency and Cardiometabolic Disease. Nutrients 2023;15:2355. https://doi.org/
10.3390/nu15102355

37. Galli-Tsinopoulou A, Maggana I, Kyrgios I, Mouzaki K, Grammatikopoulou MG,
Stylianou C, et al. Association between magnesium concentration and HbA1c in
children and adolescents with type 1 diabetes mellitus. J Diab. 2014;6:369–77.
https://doi.org/10.1111/1753-0407.12118.

38. Allegra A, Corsonello A, Buemi M, D’Angelo R, di Benedetto A, Bonanzinga S, et al.
Plasma, erythrocyte and platelet magnesium levels in type 1 diabetic patients
with microalbuminuria and clinical proteinuria. J Trace Elem Med Biol.
1997;11:154–7. https://doi.org/10.1016/S0946-672X(97)80044-2.

39. Arslanoğlu I. Hypomagnesaemia in childhood IDDM and risk of nephropathy.
Diabetologia. 1995;38:629.

40. Grafton G, Bunce C, Sheppard M, Brown G, Baxter M. Effect of Mg2+ on Na
+-Dependent Inositol Transport: Role for Mg2+ in Etiology of Diabetic Compli-
cations. Diabetes. 1992;41:35–39. https://doi.org/10.2337/diab.41.1.35.

AUTHOR CONTRIBUTIONS
Dalia N Toaima: Conceptualization, data collection supervision, paper writing and
editing. Heba M Atef: Data collection and interpretation, investigation. Kholoud S

Abdel-Maksoud: Data collection and interpretation, investigation. Nouran Y Salah:
Conceptualization, data collection, paper writing and submission.

FUNDING
Open access funding provided by The Science, Technology & Innovation Funding
Authority (STDF) in cooperation with The Egyptian Knowledge Bank (EKB).

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
The study protocol was approved by the Ethical Committee of Ain Shams University
with an approval number MS 185/2022 and written informed consent was obtained
from all cases and their legal guardians before participation. All methods were
performed in accordance with the relevant guidelines and regulations.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Nouran Y. Salah.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

D.N. Toaima et al.

8

Nutrition and Diabetes           (2025) 15:13 

https://doi.org/10.1055/s-0039-1701011
https://doi.org/10.1016/j.jdiacomp.2014.01.011
https://doi.org/10.6065/apem.2040142.071
https://doi.org/10.1074/jbc.273.14.8225
https://doi.org/10.1074/jbc.273.14.8225
https://doi.org/10.1210/endrev/bnac028
https://doi.org/10.1038/s41598-022-10436-0
https://doi.org/10.3390/nu15102355
https://doi.org/10.3390/nu15102355
https://doi.org/10.1111/1753-0407.12118
https://doi.org/10.1016/S0946-672X(97)80044-2
https://doi.org/10.2337/diab.41.1.35
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Magnesium, fibrinolysis and clotting interplay among children and adolescents with type 1 diabetes mellitus; potential mediators of diabetic microangiopathy
	Introduction
	Materials and methods
	Participants
	Sample size calculation

	Ethical considerations
	Procedures
	Clinical assessment
	Biochemical assessment
	Blood sampling
	Urine sampling

	Statistical analyses


	Results
	Serum magnesium among children and adolescents with T1DM
	Coagulopathy among children and adolescents with T1DM
	Hypomagnesemia and metabolic control (microangiopathy and glycemic control)
	Coagulopathy and metabolic control (microangiopathy and glycemic control)
	Hypomagnesemia and coagulopathy

	Discussion
	Study limitations
	Conclusion
	References
	Author contributions
	Funding
	Competing interests
	Ethics approval and consent to participate
	ADDITIONAL INFORMATION




