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Background: Diabetes mellitus is one of the most common chronic metabolic diseases in 
children and adolescents, which changes the cellular metabolism. Phosphorus is an essential 
element for metabolism. Early in the progression of diabetes, a paradoxical metabolic 
imbalance in inorganic phosphate (Pi) occurs that may lead to reduced high energy phosphate 
and tissue hypoxia. While low and high uncontrolled blood sugars can be easily recognized 
by clinical symptoms, low and high plasma inorganic phosphate remain unrecognizable. 
Therefore, we aimed to assess the association between hemoglobin A1c (HbA1c) with serum 
inorganic phosphate in children with type 1 diabetes.
Materials and Methods: This cross-sectional study was conducted on 102 patients selected 
from a pediatric ward in 17th Shahrivar hospital in Rasht, North of Iran. Clinical data including 
age, sex, height, weight, BMI, duration of diabetes, the level of HbA1c, and phosphorus were 
gathered. The level of HbA1c was adjusted by age in the final analysis.
Results: The mean age of samples was 9.98±3.91 years old and 46 participants (45.1%) were 
male. It was found that HbA1c had a reversed and significant relationship with BMI (r=−0.215 
and P=0.03), but there was no correlation between phosphate, age, height and weight, duration of 
diabetes mellitus, or rate of insulin consumption with HbA1c (P>0.05).
Conclusion: The finding showed that HbA1c had a reversed relationship with BMI but 
there was no correlation between phosphate and HbA1c.
Keywords: phosphate, diabetes mellitus, child, glycated hemoglobin A, Iran

Introduction
Diabetes mellitus (DM) is one of the most common chronic metabolic diseases in 
children and adolescents.1 Hyperglycemia due to absolute insulin deficiency, or 
a reduction in the biologic effectiveness of insulin or both, causes secondary pathophy-
siological alterations in multiple organ systems and high mortality and morbidity.2 

HbA1c assay is the most commonly used measurement of chronic hyperglycemia in 
epidemiological studies.3 Achieving near-normal HbA1c levels has been shown to 
reduce long-term complications and HbA1c assay is recommended to determine the 
suitability of the treatment.4 DM causes secondary complications such as blindness, 
kidney damage, cardiovascular disease, and lower-limb amputations.5 These complica-
tions are directly due to insulin deficiency, but rather suggest that the changes are related 
to indirect effects of insulin, like lowering of plasma inorganic phosphate.6

Studies showed that disturbances in the metabolism of inorganic phosphate (Pi) in 
diabetes leads to early functional microvascular changes in the retina and kidneys.7 
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Phosphorus is an essential element for metabolism, because 
containing compounds have important roles in cell structure 
(cell membrane and nucleic acids), cellular metabolism (gen-
eration of ATP), regulation of subcellular processes (phos-
phorylation of key enzymes), and maintenance of acid–base 
homeostasis (urinary buffering).8 Plasma contains both inor-
ganic and organic phosphates, but only inorganic phosphate 
is measurable. Pi concentration is an important factor in 
metabolism and the function of enterocytes, kidney tubular 
cells, mitochondrial function, muscle function, and oxygen 
consumption rate.7,8 When sufficient phosphate and oxygen 
are not available for adenosine triphosphate (ATP) synthesis, 
cell homeostasis cannot be maintained and may result in cell 
lysis.7

During diabetes progression, a paradoxical metabolic 
imbalance in Pi occurs that may lead to reduced high energy 
phosphate and tissue hypoxia.7,9 In diabetes, elevated blood 
glucose concentrations depolarize the brush border mem-
brane for Pi reabsorption which leads to hyperphosphaturia. 
While low and high uncontrolled blood glucose can be easily 
recognized by clinical symptoms, low and high plasma inor-
ganic phosphate remains unrecognizable. Instead, it may be 
presented by vague and non-specific symptoms such as tissue 
hypoxia, muscular weakness, neurological problems, ery-
throcyte and leukocyte dysfunction, and impaired myocar-
dial performance.10–12 There is limited research in this regard 
evaluating Pi status among patients with type 1 diabetes 
(T1DM). Therefore, this study aimed to evaluate the associa-
tion between HbA1c with serum inorganic phosphate in 
children with type 1 diabetes, because early screening and 
treatment can save the patients from complications asso-
ciated with phosphate imbalance.

Materials and Methods
Studied Population
This cross-sectional study was conducted on 102 patients 
selected from a pediatric ward in 17th Shahrivar hospital 
in Rasht, North of Iran. The samples were selected 
randomly.

Ethical Consideration
Ethical approval was obtained from Guilan University of 
Medical Sciences (No=IR.GUMS.REC.1396.219, 6 SEP 
2017), and informed consent were obtained from parents. 
This study was conducted in accordance with the 
Declaration of Helsinki.

Inclusion and Exclusion Criteria
The inclusion criteria were the existence of type 1 diabetes 
mellitus, age under 16 years old, and at least 6 months’ 
duration of disease. Patients were excluded from the study 
if they had any history or document of rickets, mal- 
absorption, and parathyroid, renal and liver diseases, 
Fanconi syndrome, and supplement therapy with calcium 
and phosphate, and others who have used diuretics and 
glucocorticoids.

Gathering Data
Data were gathered by researchers consisting of age, sex, 
height, weight, BMI, duration of diabetes, the level of 
HbA1c, and phosphorus. The level of HbA1c was adjusted 
by age. The measurement of normal phosphorus and 
HBA1C at different ages are summarized in Table 1.

All blood samples were obtained between 8:00 and 
10:00 a.m. The sampled blood was approximately 4cc 
(2cc for phosphate and calcium, 2cc for HbA1c). The 
sample was measured by laboratory expert. HbA1c, phos-
phate, and calcium were measured by immunoturbidi-
metric, UV – TEST, and Arsenazo III, respectively (Pars 
Azmun Co., Iran).

Statistical Analysis
Data analysis was done by SPSS 21. For descriptive quan-
titative variables such as HbA1c and phosphorus, mean 
and standard deviation were assessed. For qualitative vari-
ables such as hypophosphatemia and HbA1c control, 
investigators measured frequency and percentage. To 
assess the correlation of HbA1c and phosphorus, Pearson 
Correlation Coefficient was performed if the distribution 
of HbA1c and phosphorus was normal according to 
Kolmogorov–Smirnov test. For determining the associa-
tion between hypophosphatemia and HbA1c control, 
investigators used the chi-square test and for determining 
the AUC for predicting phosphatemia by HbA1c, a ROC 

Table 1 Normal Phosphorus and HBA1C at Different Ages

Variable Age (Years) Normal

Phosphorus (mg/dl) 1–3 3.8–6.5
4–11 3.7–5.6
2–15 2.9 −5.4

HbA1c (%) ≤5 7.5–9
5–11 6.5–8

12–15 6–7.5
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curve was applied. P-value <0.05 indicated statistical 
significance.

Results
Out of 102 patients who were included in the study, 46 
(45.1%) were male and 56 (54.9%) were female, with 
a mean age of 9.98±3.91 years old. Most of the patients 
were aged 4–11 years (51%). Other clinical information is 
presented in Table 2.

The mean of BMI, HbA1c, duration of diabetes mellitus, 
and rate of insulin consumption were 18.13, 9.55 mg/dL, 
4.74 mg/dL, 8.27%, 33.35 months, and 35.23 units/day, 
respectively. Phosphate had a reversed and significant relation-
ship only with age (r=−0.287 and P=0.003), and height 
(r=0.2331 and P=0.02). However, it was found that hemoglo-
bin A1C had a reversed and significant relationship with BMI 
(r=−0.215 and P=0.03), but there was no significant correla-
tion between phosphate, age, height and weight, duration of 
diabetes mellitus, or rate of insulin consumption with HbA1c. 
Although there was no significant correlation between dura-
tion of diabetes mellitus with HbA1c (r=0.173 and P=0.083), 
this correlation was slightly significant (Table 3).

Discussion
Diabetes eventually causes secondary pathologies, hence 
exploration and finding the pathophysiological pathways 
of these complications is essential and early detection of 
disturbances are valuable. The aim of the present study 
was to evaluate the association between HbA1c with 
serum inorganic phosphate in children with type 1 dia-
betes, based on the hypotheses that blood glucose has an 
effect on intra and extracellular phosphorus and serum 
inorganic phosphate levels of HbA1c.

In this study, there was no significant difference between 
Pi level in male and female diabetic children which was 
consistent with Vorum et al, which assessed it in adult 
patients with diabetes. However, this is inconsistent with 
Xu et al,10 which demonstrated higher Pi levels in female 

than male children. The differences between the finding may 
be due to samples size or age in these studies.

In this study, there was a negative correlation between 
height and age with serum Pi. This finding was consistent 
with Marwaha et al11 and Xu et al's10 studies. In Xu et al.'s 
study, 2,342 healthy children aged 10–18 years were 
investigated. It’s probably because they need more of this 
mineral to help their bones develop. As considered in 
Table 1, a decrease in normal phosphorous range in older 
age is a physiologic change.

HbA1c had a significant negative correlation with BMI 
and this result may indicate better weight gain because of 
improved glycemic control. Our finding is consistent with 

Table 2 Clinical Information of the Studied Samples

Clinical Information Percentage

Underweight 16.7

Healthy weight 60.8

Obese and overweight 7.8
Hypophosphatemia 3

Hyperphosphatemia 16.7

Uncontrolled HbA1c 60.8

Table 3 Pearson Correlation Among the Studied Variables

Variables HbA1c Phosphate 
Level

Pi (mg/dL) Pearson 

Correlation (r)

−0.008 1

P-value 0.939

Number 102 102

Hemoglobin A1c (%) Pearson 

Correlation (r)

1 −0.008

P-value 0.939

Number 102 102

Age (years) Pearson 

Correlation (r)

0.074 −0.287**

P-value 0.457 0.003

Number 102 102

Height (cm) Pearson 

Correlation (r)

0.081 −0.231*

P-value 0.421 0.020

Number 102 102

Weight (kg) Pearson 

Correlation (r)

−0.029 −0.186

P-value 0.773 0.061

Number 102 102

BMI_ percentile (Kg/m2) Pearson 

Correlation (r)

−0.215* 0.118

P-value 0.030 0.238

Number 102 102

Duration of Diabetes mellitus 

(month)

Pearson 

Correlation (r)

0.173 −0.101

P-value 0.083 0.314

Number 102 102

Rate of daily insulin 

consumption (U/Day)

Pearson 

Correlation (r)

0.125 −0.068

P-value 0.210 0.497

Number 102 102

Notes: *Showed significant relation at level of P<0.05; **Showed significant relation 
at level of P<0.01.
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Nansel et al,12 who examined cross-sectional and long-
itudinal associations of BMI with HbA1c in youth with 
type 1 diabetes. However, this is inconsistent with Babikr 
et al,13 who reported a positive correlation between HbA1c 
in diabetic patients with BMI. Supposedly in T2DM, the 
HbA1c will be increased by increasing BMI, because of 
the poorly controlled regime, but in T1DM, the increased 
BMI percentile may indicate better weight gain because of 
improved glycemic control, which leads to lower HbA1c.

In our study, the mean of phosphate was 4.74±0.78, 
which was higher than Vorum et al's (2.68±0.56) study, 
also the rate of hypophosphatemia was lower than in 
Vorum et al's study. This might have occurred as a result 
of different sampling, short duration, and relative good 
control of diabetes in Vorum et al's study.9

Since our study was performed on T1DM with a mean 
duration of less than 3 years (33.35 months) and com-
monly complications of T1DM occur after 3–5 years, 
therefore, the decreased level of Pi is rational.

It was also observed in the present study that there was no 
significant correlation between serum inorganic phosphate and 
HbA1c, although four patients had hypophosphatemia, most 
of them had uncontrolled diabetes and high HbA1c. In this 
study, there was no significant correlation between hypopho-
sphatemia and HbA1c, which was inconsistent with Vorum 
et al9, and Fang et al's14 studies. However, our finding was in 
line with Galli-Tsinopoulou et al,15 who showed no correlation 
between Pi and HbA1c. In Vorum et al,9 at the HbA1c of 
6–7.5, the maximum Pi level was seen (3.26±0.45) and at 
HbA1c>10.5, there was the minimum Pi level (2.06±0.15).

Small sample size, short follow-up period, and lack of 
biochemical and molecular tests are among the 
limitations of this study.

Conclusion
The finding showed that HbA1c had a reversed relationship 
with BMI but there was no correlation between phosphate 
and HbA1c. Therefore, prospective multi-center studies with 
more detailed biochemical and molecular tests to check 
phosphate intracellular metabolism, with larger sample and 
longer follow-up (at least 3−5 years) could be recommended. 
In addition, simultaneous blood glucose check can be valu-
able to find out the association with serum inorganic phos-
phate. As we find out, most studies are performed on adults 
and type 2 diabetes so we are optimistic that our study 
clarifies the path for further investigations.
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