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Introduction 
Chronic kidney disease (CKD) is referred to a group of 
pathologic conditions that are associated with abnormal 
kidney function and progressive loss of glomerular 
filtration rate (GFR) (1). Today, it is an issue of public 
health concern worldwide (2). In 2012 the World 
Health Organization attributed around 864226 or 1.5% 

of all global mortalities to this disease (3). The risk of 
developing cardiovascular disease and mortality in CKD 
patients is higher than normal individuals and greatly 
affects the health system (4). The current CKD guidelines 
are focused on standardizing the severity of the disease 
and designing strategies for its treatment (5,6). 

GFR is regarded as the most reliable indicator for 

Introduction: The definition of the distance between the mean and reference value for the 
glomerular filtration rate (GFR) has been the topic of few performed studies, which resulting in an 
inconsistent mean difference.
Objectives: This study was aimed to determine the normal GFR reference range for Iranian 
population and its comparison with global average.
Patients and Methods: Data of the study population was extracted from Sina Health Record 
System (SinaEHR®). Based on the blood creatinine level, the GFR was calculated by Cockcroft–
Gault formula. Using statistical analyses and independent t-test, GFR distribution was evaluated 
by the STATA software.
Results: In this study the mean GFR in the Iranian population was estimated as 111.52 mL/
min/1.73m2 (CI: 111.30-111.73). When comparing results of this study with an international 
meta-analysis, it was revealed that before 45 years, the mean GFR in the Iranian population is 
higher than the standard mean value in the meta-analysis, whereas it is lower than the mentioned 
value after the age of 45 years. Moreover, the results demonstrated a significant difference in the 
mean GFR between men and women over 40 years of age (P < 0.001). In those cases suffering from 
hypertension, hyperlipidemia or diabetes, the mean GFR was lower than healthy individuals 
(P < 0.05), however, this difference was not significant for diabetic patients (P = 0.580).
Conclusion: The difference between our large population-based study and meta-analysis shows the 
need for more precise studies to better determine standard range of GFR in the Iranian population.
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kidney function. The predicted prevalence of CKD in 
any population is related to the formula which is used for 
calculating the GFR. Therefore, the proper estimation of 
GFR has a prominent role in the diagnosis of CKD, which 
is necessary for the nephrology setting (7). The most 
precise method for measuring the GFR is the evaluation of 
filtration of inulin and iothalamate indices. However, due 
to the difficulties, its high costs and the effect of radiation 
on the body, they have limited use in clinical practice. The 
other index for estimating kidney function is the level 
of serum urea nitrogen and creatinine concentration. 
Today the most common method for GFR calculation is 
measurement of the 24-hour urine and the serum and 
urine creatinine concentration (1). The mean GFR for the 
healthy population (children, adolescents and adults) up 
to the age of 40 years is 107.3 mL/min/1.73m2, while the 
reduction in GFR begins at the age of 40 (8). 

According to international guidelines on CKD, reduced 
kidney function occurs over three months. When the GFR 
reduces to less than 15 mL/min/1.73 m2, the patient has 
entered the terminal phase of the disease and the kidney 
function at that time would not be able to sustain a long-
term life (9). 

Objectives
The present study was aimed to determine the GFR in 
terms of gender in a large population-based setting of 
adults in Khorasan-Razavi province. Given the large 
volume of information, the results of this study can be 
generalized to the Iranian population and the normal 
reference range of GFR can be determined among the 
Iranian people.

Patients and Methods 
Data collection 
In this descriptive cross-sectional study, the data of the 
studied population was extracted from the data bank 
of Sina Electronic Health Record system (SinaEHR®) 
supervised by Mashhad University of Medical Sciences. 
The information of individuals over the age of 20 years 
was collected. The data recorded in this system include 
the health records of each individual, reports of physicians 
and health care providers, prescribed drugs, laboratory 
results, procedures, diagnoses, and other details of 
each patient’s case. This system which covers the data 
of over five million individuals in Khorasan-Razavi 
province. This system is an integrated health system that 
is managed by the cooperation and coordination of all 
stakeholders including managers, physicians, midwives, 
health care providers, etc. In this system the demographic 
and anthropometric information along with the health 
information of the covered population is recorded 
electronically.

To calculate the GFR, the Cockcroft –Gault formula in 
the SinaEHR software database was used (10). For women; 

(140 - AGE) × weight) / (84.7 × CR) and for men; (140 - 
AGE) × weight) / (72 × CR).

In this formula, weight and serum creatinine was 
measured in a laboratory by the enzymatic method for 
the covered population and recorded in the SinaEHR 
software. The data were extracted from the electronic 
records database in the form of an excel file.

In this study patients with ICD10 codes including E11 
and E10 were regarded as diabetic cases and those with 
I10, I11 and I15 codes were considered as hypertension 
while individuals with the diagnostic code of E78 were 
registered as hyperlipidemia cases.

Ethical approval 
The research followed the tenets of the Declaration 
of Helsinki and its later amendments. The design and 
objectives of the investigation were explained to all 
participants and written informed consent was obtained 
from the participants. This study was conducted after 
obtaining the research approval from the ethics committee 
of Mashhad University of Medical Sciences (IR.MUMS.
REC.1396.361).

Statistical analysis
The statistical analysis of GFR distribution was done with 
the STATA software (version 14). The box-plot graph was 
used to show the median, mean and the 25th, 75th, 99th 
and 1 percentile based on age and gender. The difference 
in mean GFR in terms of gender was evaluated using 
independent sample t test. The GraphPad software was 
applied for drawing the graphs.

Results
A totlal of 105 725 cases with an age range of 20-100 
years were studied in this research. Table 1 and Figure 1 
present the mean and standard deviation of GFR based 
on the different age groups. With an increase in age, the 
mean GFR decreased in both genders, while the decrease 

Figure 1. Box plot graph of GFR values in different age groups in terms 
of sex.
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was greater in women compared to men. Although no 
significant difference was seen in the mean GFR between 
the men and women under 40 years of age (P > 0.05), yet 
this difference was greater in men and women over the 
age of 40 years. Moreover, the decrease in mean GFR 
had a deeper slope among women in comparison to men 
(P < 0.001). Accordingly, the highest rate in men and 
women in the age range of 20-30 years was 122.74± 2.08 
ml/min/1.73m2 (CI: 118.66-126.83) and 121.09 ± 0.16 ml/
min/1.73m2 (CI=120.78-121.39), respectively. This rate 
reduced to 59.52± 0.49 mL/min/1.73m2 (CI = 58.55-60.49) 
and 49.07± 0.35 mL/min/1.73m2 (48.39-49.75) among 
men and women with the age over 70 years respectively. 
The distribution chart for GFR in terms of age is shown 
in Figure 2. The results indicate a decline in its rate with 
aging.

In this study the relationship between GFR and 
non-communicable diseases such as hypertension, 
hyperlipidemia and diabetes was studied. The results 
presented in Table 2 show that the GFR in such cases is 
less than normal individuals, indicating a statistically 
significant difference for hypertension and hyperlipidemia 

(P < 0.05), but not for diabetes (P = 0.580).
To compare our results with international standards, 

the results of a meta-analysis which its mean, standard 
deviation and 95% CI was reported in the study of Pottel 
et al, was applied. The results of the mentioned meta-
analysis are displayed in Table 3. The comparison of the 
figures in that table with the results achieved in our study 
is presented in Figure 3. We found before the age of 45 
years, the mean GFR in the Iranian population is higher 
than the mean value in the meta-analysis. However, it is 
lower than the standard mean value after the age of 45 
years. In order to accept or reject the hypothesis that the 
mean value obtained in our study is different from the 
mean value reported in the meta-analysis, one-sample t 
test was used resulting in the acceptance of this hypothesis 
(P < 0.001).

Discussion
In this study, the GFR was calculated for patients in 
different age groups and accordingly a new GFR reference 
value was achieved for the study population based on the 
international reference. Regarding the large amount of 
data, this value can be generalized to the entire population 
of Iran. In this study the GFR was compared in the two 
groups of under and over 45 years of age. Based on the 
reference value of 107.3 mL/min/1.73 m2, a significant 
difference in the GFR was obtained between the study 
population and the reference value. 

The mean value of 107.3 mL/min/1.73m2 was initially 
calculated by Piepsz et al (12) for 2 to 14 years old children 
in 2013. It was expanded to teenagers and the youth age 
group by Pottel et al in 2016 (14). In 2017 it was generalized 
and used for the middle-aged and elderly population (15). 
Our study showed that GFR level is above the standard 
level in 20 to 45 years, whereas in ages of 45 it showed a 
premature decline in kidney function. Moreover, beyond 
45 years, GFR decreases by 1.85 units. In different studies, Figure 2. Dispersion of age and GFR of the studied cases.

Table 1. Comparison of mean and standard deviation of GFR in different age groups based on sex

Age (y)
Male Female

P Value
Mean SD 95% CI Mean SD  95% CI

20-30 122.74 2.08 (118.66-126.83) 121.09 0.16 (120.78-121.39) 0.111
30-40 118.24 1.34 (115.61-120.87) 116.16 0.16 (115.85-116.48) 0.335
40-50 108.11 1.28 (105.60-110.62) 104.76 0.36 (104.05-105.47) 0.000
50-60 92.34 0.98 (90.41-94.27) 82.60 0.44 (81.73-83.46) 0.000
60-70 79.04 0.60 (77.86-80.21) 68.45 0.33 (67.79-69.09) 0.000
>70 59.52 0.49 (58.55-60.49) 49.07 0.35 (48.39-49.75) 0.000

Table 2. Comparison of mean and standard deviation of GFR in relation to non-communicable diseases

Variable 
Yes No

P Value
Mean SD 95% CI Mean SD  95% CI

Hypertension 64.19 0.28 (63.64-64.73) 115.14 0.11 (114.93-115.35) 0.001
Hyperlipidemia 65.67 0.37 (64.94-66.41) 113.29 0.11 (113.07-113.51) 0.000
Diabetes 67.99 1.60 (64.85-71.34) 111.65 0.11 (111.44-111.87) 0.580
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the age threshold for a decrease in GFR has been reported 
as 40 years (16).

In the current study, no significant difference was 
observed in GFR between the two genders under the age of 
40 years; however, among those over 40 years a significant 
decrease was observed in females in comparison to 
males. In the meta-analysis by Pottel et al, this significant 
decrease was reported after 50 years of age (11). Poggio 
et al observed such a significant difference even in those 
under 50 years of age. Their study showed that age and 
gender are the two main factors which affect renal function 
(17). The reason for this difference may be related to the 
difference in ethnicity and the large sample size.

The results also indicate a decrease in GFR in cases with 
hypertension and hyperlipidemia. In the study by Rigalleau 
et al (18) the mean and standard deviation of GFR in 
diabetic patients was 65.5±37.5 mL/min/1.73 m2. In the 
study by Lewis et al (19) the mean GFR in hypertensive 
subjects was reported as 56.9 mL/min/1.73m2 which is 
consistent with the findings of the present study. This may 
be due to the effect of such diseases on kidney function 
resulting in a decrease in GFR. 

This study had certain limitations such as the lack of 
comparisons between the three standard GFR calculation 
formulas, as the results were compared with the results of 
the meta-analysis which was based only on the Cockcroft-
Gault formula. Moreover, the existence of outliers or 
missing data among the primary extracted data and their 

Table 3. Mean and confidence interval obtained from the meta-analysis 
study for GFR (ml/min/1.73 m2)

Age groups Number of studies Mean CI (95%)

20-30 22.24 106.7 104.6-108.9
30-40 22.24 104.9 102.8-107.0

40-50 20.24 99.0 96.5-101.6

50-60 18.24 90.7 88.1-93.3

60-70 14.24 84.0 79.5-88.5
>70 6.24 69.4 66.1-72.2

Figure 3. Comparison of the mean and confidence interval obtained in 
the present study and the standard values reported in the meta-analysis.

elimination from the final analysis can be mentioned. 
On the other hand, the large sample size, the population-
based setting and comparison with international results 
can be mentioned as the strong aspects of the study. 

Conclusion 
In this study the mean GFR in the Iranian population was 
estimated as 111.52 mL/min/1.73m2 (CI: 111.30-111.73). 
Comparing these results with that of an international 
meta-analysis shows that before the age of 45 years, the 
mean GFR in the Iranian population is higher than the 
meta-analysis mean value, but the opposite result is 
achieved after the age of 45 years. The different results 
observed in this population-based study shows the need 
for more precise studies to better determine the standard 
range of GFR in the Iranian people based on all its 
calculation formulas.

Limitations of the study
Our data requires further investigation by a larger sample 
size. 
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