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Abstract
Background: glomerular �ltration rate (GFR) is a valid indicator for kidney function. Different factors can affect GFR. The purpose of this
study is to assess direct and indirect effects of GFR-related factors using structural equation modeling.Patients and methods:We analyzed
data from baseline phase of Ravansar Non-Communicable Disease cohort study. Data on socio-behavioral, nutritional, cardiovascular, and
metabolic risk factors were entered in a conceptual model in order to test direct and indirect effects of factors related to GFR,separately in
male and female, using the structural equation modeling.Results: Of 8927 individuals participated in this study, 4212 subjects were male
(47.20%) and 4715 subjects were female (52.80%). The obtained mean and standard deviation of GFR was 76.05 (±14.31) per 1.73 . GFR
for 0.2%, 11.3%, 73.0% and 15.50% of people were <30, , and , respectively. Hypertension and aging in both gender and atherogenic factor in
male directly, and in female directly and indirectly had a lower effect on GFR. Blood urea nitrogen and smoking in male and female, directly
or indirectly through other variables, were associated with a lower GFR. In female, diabetes had a lower direct and indirect effect on GFR.
Obesity in female was directly associated with uper and indirectly associated with lower GFR.Conclusion: According to our results, aging,
hypertension, diabetes, obesity and high lipid pro�le, and BUN had a decreasing direct and indirect effects on GFR. Although low GFR might
have different reasons and it is not a consistent sign of CKD, our �ndings, are in line with other reports, provide more detailed informations
about important risk factors of low GFR. Public awareness about such factors can improve public practice of positive health behaviours.

Background
Increased prevalence of chronic kidney disease (CKD) is associated with increased number of deaths as well as other complications in the
form of other chronic diseases including cardiovascular diseases.Glomerular �ltration rate (GFR) is a valid indicator for kidney function[1,
2]. eGFR is the most widely used assessment of kidney function, eGFR is also used to monitor disease progression[3]. In 2013, reduced
GFR resulted in 4% (2.2 millions) of deaths worldwide, more than half of which caused by cardiovascular (1.2 million people) and end-
stage renal diseases (ESRD) .[4]The results of clinical trials have shown that decreased GFR is an independent risk factor for all causes of
deaths and adverse cardiovascular conditions such as myocardial infarction and stroke[5, 6]. There is also strong evidences suggesting
that development and progression of CKD has been mainly caused by risk factors of cardiovascular diseases including high blood
pressure, diabetes, and dyslipidemia . According to the literature, known risk factors for CKD development and progression include: age,
diabetes mellitus (DM), high blood pressure, obesity, dyslipidemia, and smoking[10-16].

Based on the results of previous studies,GFR depends (directly and/or indirectly) on several factors. One of methods for assessing direct
and indirect effects of relevant factors on GFR is structural equation model (SEM).SEM is one of the most useful methods for the
concurrent testing of complex relationships between variables and assessment of the effect of latent variable[17]. SEM is a powerful
multivariate analysis method, which allows for the simultaneous veri�cation of a series of regression equations  and the concurrent
assessment of the relationships between different variables [18]. This method reduces measurement errors by involvement of several
observed variables for each latent variable. The ability to test the model with several dependent variables and the concurrent direct and
indirect effects of several independent variables on the dependent variable are amongst the features of SEM. Unlike traditional regression
models that treat each covariate in the model as an independent variable with a direct effect on GFR, SEM assesses all pathways of
different factors as independent and/or dependent (i.e., mediator) factors toward GFR. Using SEM, this study aimed to determine the most
important risk factors associated with GFR in a group of subjects aged 35 - 65 who participated in the cohort study of Ravansar..Given the
structural, biological and metabolic changes in different gender groups and the effect of each on the risk factors associated with eGFR, the
participants were assessed in two different gender groups in the present study.

Methods
Study Design and Participants

For the purpose of this cross-sectional study,data from baseline phase of Ravansar Non-Communicable Disease(RaNCD) cohort study was
used. Ravansar, a city in Kermanshah Province is located in the western part of Iran close to the border with Iraq with a population mainly
comprised of Kurdish ethnicity. RaNCD cohort is part of the large PERSIAN (Prospective Epidemiological ReSearch in IrAN) study. The data
used in this study pertained to more than 10000 participants aged 35 to 65 who had voluntarily entered the study and signed informed
consent forms for participation. The study began in November 2014 and continues to date. The recruitment phase data of the participants
has been collected for the cohort and includes general data , nutrition questionnaire and biological samples, More information is available
in the cohort protocol [19-21].
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Measurements

Anthropometric indices were determined by bioelectric impedance device. The subjects’ heights were measured by a stadiometer with an
accuracy of 1 cm. Body mass index (BMI) was calculated by dividing weight (kg) to squared height (m) .[22] Participants were classi�ed
into 5 groups in terms of percent body fat (PBF): 5-10 (Essential Fat), 11-14 (Athletes), 15-20 (Fitness), 21-24 (Average), and 24> (Obese)
for male and 8-15 (Essential Fat), 16-23 (Athletes), 24-30 (Fitness), 31-36 (Average), and 37> (Obese) for female.[23]

According to the third report of the National Cholesterol Education Program (NCEP) on diagnosis, evaluation and treatment of high blood
cholesterol in adults (Adult Treatment Panel III), waist to hip ratio (WHR)  in female and  in men were classi�ed as abnormal[24]. According
to guidelines of international kidney  foundation, CKD is de�ned as renal abnormalities or GFR<60 ml/min/1.73  (1.0 ml/s/1.73 ) present
for more than three months. Renal abnormalities can be diagnosed by pathologic disorders or markers of dysfunction, including
abnormalities in blood or urine test[25]. In this study, Modi�cation of Diet in Renal Disease (MDRD), and nonstandardardized equation ( our
creatinine values were not standardized for the most part) were used for estimating GFR from age, sex, and creatinine level [26, 27]. Non-
use of race variable is due to non-racial differences in this population (almost all participants are from Kurdish ethnicity.) eGFR=1.86
 (0.742 if Female)             

According to CKD Stage cut-point,eGFR was categorized into 4 groups of >90, 60-90, 30-59, <30 ml/min/1.73 .To analyze the structural
part, eGFRwas used as quantitative variable in the model. Blood pressure was measured after 15 minute of rest twice from the right arm
and twice from the left using a sphygmomanometer (RiesterDuplex 1948, Germany). The mean value of the two measurements was taken
as the systolic and diastolic blood pressure. Given the criteria recommended by the Eighth Report of the Joint National Committee on
Prevention, Detection, Evaluation and Treatment of High Blood Pressure(JNC-8), people with systolic blood pressure ≥140 mmHg and/or
diastolic blood pressure ≥90 mmHg and/or a history of taking blood pressure-controlling medications were classi�ed as hypertension.[28]
Diabetes mellitus (DM) was de�ned based on the American Diabetes Association's criteria for fasting blood sugar (FBS) ≤126 Mg /dl
and/or patients who used insulin and/or glucose-lowering agents .[29] Smoking was introduced as a self-reported variable (1- none
smokers, 2- smokers, 3- former smokers). Blood urea nitrogen(BUN) was calculated based on the quantitative values. Plasma atherogenic
index was calculated according to the following formula[30].

Atherogenic coe�cient=[Total cholesterol]–[HDH cholesterol] / [HDL cholesterol]

Physical activity calculated according to individual’s activity per day was another variable introduced based on the 22-item questionnaire
inRaNCD cohort study. Finally, METs (as an indicator for level and measure of physical activity) were extracted and entered the model. 
MET is the amount of oxygen consumed at rest (about 3.5 ml 02/kg/min) and  equals to resting metabolic rate. MET for each activity was
extracted using compendium of physical activities[31].

Nutritional status was determined according to a valid and reliablefood frequency questionnaire customized to the local culture .[32]
Consumption of red meat (including red meat, processed meat, liver, heart, gizzard) was another variable derived from food frequency
questionnaire calculated based on grams of meat intake per day.  

Statistical Methods

Spearman's rank correlation was applied, and stepwise linear regression was obtained to assess the associations between the study
variables and to implement the conceptual framework. Then, structural equation modeling (SEM)was used with maximum likelihood
estimation (MLE). SEM includes causal modeling, analysis of covariance structures, and latent variable models. This model is a
generalization of multivariate regression that allows one to estimate the strength and sign of direct and indirect effects for complicated
causal schemes with multiple dependent and independent variables [33].In order to create constructs (or factors), we applied con�rmatory
factor analysis (CFA). CFA is a multivariate statistical technique which is used to test consistency of measures of a construct with 
researcher's understanding of the nature of that construct (or factor). The objective of con�rmatory factor analysis is to test whether the
data �ts a hypothesized measurement model. Path standardized coe�cients (β) as the effect sizes of this model were
calculated.CMIN/DF)Normed chi-square(,CFI)Comparative �t indices(, GFI)Goodness-of-�t  indices(, RMSEA)Root mean squared error of
approximation(, NFI)normed �t index(and AGFI)adjusted goodness-of-�tindex(were applied for assessing �tness of the model. Statistical
analysis was performed using AMOS-SPSS 22 and STATA 14.0 (STATA Corp, College Station, TX). P-value less than 0.05 was considered
as statistically signi�cant.As the percentage of missing data was less than 2%, it was excluded from analysis.

Results
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Out of 8927 individuals participated in this study, 4212 (47.20%) subjects were males and 4715 (52.80%) subjects were females. The mean
of age was 48.2±2.10 (range:35-65). Prevalence of hypertension in females and males was 16.35% and 10.22%, respectively. Prevalence of
BMI was 37% in females and 16.61% in males. The mean of atherogenic coe�cient was 187.80 in females and 180.12 in males. Table 1
shows distribution and statistical comparision of the studied variables between four groups of eGFR. The mean ofeGFR was 76.05±14.31
ml/min/1.73 .The corresponding values for males and females were80.07±13.89 ml/min/1.73 and 72.46±13.76ml/min/1.73 ,
respectively.In fact, lowereGFR was associated with older age, hypertension, diabetes, blood lipids, increase in BUN, and lower physical
activity(Table 1).

Structural equation modeling (SEM) with maximum likelihood estimation (MLE)was applied to assess the conceptual model (Fig. 1).
Con�rmatory Factor Analysis (CFA) was used to con�rm a group of variables with an internal consistency with a latent variable.Waist
circumference was removed from the model due to low loading factor and poor �tting. For other variables, applied CFA goodness of �t
indices were at appropriate levels (CMIN/DF: 1.19, GFI: 0.99, RMSEA: 0.005, CFI: 0.99). These indices indicated accepable �tting of the
model.

Table 1: Comparison of studied variables between four groups of GFR

Variable Male eGFR (ml/min per 1.73m2) pvalue Female eGFR (ml/min per 1.73m2) pvalue
<29 30-59 60-90 >90 <29 30-59 60-90 >90

Age(mean
±SD)

50.00
 10.21

54.00  8.11 47.20  7.90 47.8  7.80 <0.001 55.90
 8.00

52.01  9.01 47.70  8.10 45.70  7.1 <0.001

BUN(mean
±SD)

37.50
 15.48

16.49  4.56 14.9  3.83 14.29  3.82 <0.001 37.10
 24.80

13.61  4.23 12.18  3.51 11.09  3.39 <0.001

PA (mean±
SD)

35.93
 6.99

40.65  8.00 42.70  10.25 42.54 11.19 <0.001 38.72
4.88

39.77 5.31 39.33 4.51 38.50 3.66 <0.001

AF (mean±
SD)

171.90
31.57

189.16
39.74

181.24 36.71 173.77
34.84

<0.001 164.97
31.88

203.58
44.01

185.66 36.75 177.32 4.84 <0.001

Red  meat
(mean ±SD)

21.69
 17.14

21.32  28.41 23.64  39.86 21.31  29.29 0.37 18.54
 19.30

24.20 35.76 24.61  36.22 22.70  28.98 0.37

Organ
meat(mean±
SD)

2.90  1.62 5.02  10.01 4.46  9. 48 4.20  8.10 0.02 1.35  1.37 5.69  15.51 5.02  9.76 4.62  8.57 0.02

Process
meat(mean
±SD)

1.23  2.01 2.50  7.71 1. 9  6.01 1.89  7.64 0.005 0.32  1.02 3.04  9.84 2.26  6.83 2.51  7.58 0.005

BMI,n (%)                    
18.4 0(0.0%) 1(0.48%) 66(2.11%) 20(2.29%) 0.5 0(0.0%) 13(1.61%) 50(1.47%) 3(0.58%) 0.006
18.5-24.9 3(37.50%) 76(36.89%) 1080(34.54%) 315(36.12%) 1(10.00%) 215(26.70%) 700(20.66%) 108(21.09%)
25.0 – 29.9 4(50.00%) 86(41.74%) 1451(46.41%) 411(47.13%) 4(40.00%) 326(40.49%) 1390(41.02%) 205(40.03%)
30.0 -34.9 1(12.50%) 37(17.96%) 463(14.81%) 106(12.15) 5(50.00%) 187(23.22%) 937(27.65%) 159(31.05)
35 0(0.0%) 6(2.91%) 66(2.11%) 20(2.29%) 0(0.0%) 64(7.95%) 311(9.17%) 37(7.22%)
PBF, n (%)        
5-10 0(0.0%) 1(0.50%) 27(0.90%) 7(0.80%) 0.2 0(0.0%) 1(0.12%) 4(0.11%) 2(0.40%) 0.009
11-14 0(0.0%) 3(1.45%) 116(3.71%) 37(4.24%) 0(0.0%) 26(3.22%) 74(2.18%) 7(1.36%)
15-20 0(0.0%) 30(14.56%) 462(14.77%) 122(13.99%) 0(0.0%) 80(9.93%) 241(7.11%) 31(6.05%)
21-24 0(0.0%) 40(19.41%) 444(14.20%) 106(12.15%) 2(20.00%) 187(23.22%) 681(20.10) 97(18.94%)
>24 8(99%) 132(64.07%) 2077(66.44%) 600(68.80%) 8(80%) 511(63.47%) 2388(70.48%) 375(73.24%)
WHR , n (%) 3(37.50%) 81(39.32%) 1191(38.09%) 335(38.41%) 0.9 6(60.00%) 601(74.65%) 2591(76.47%) 384(75.00%) 0.4
BP, n (%) 4(50.00%) 63(30.58%) 298(9.53%) 65(7.45%) <0.001 6(60.00%) 230(28.57%) 495(14.61%) 43(8.39%) <0.001
Diabetes ,n
(%)

0(0.0%) 37(17.96%) 243(7.77%) 58(6.65%) <0.001 1(10.00%) 93(11.55%) 272(8.02%) 31(6.05%) <0.001

Smoking, n
(%)

                   

No smoker 5(62.50%) 130(63.10%) 1993(63.75%) 557(63.87%) <0.001 8(80.00%) 725(90.06%) 3226(95.21%) 500(97.65%) <0.001
Current
smoker

1(12.50%) 31(15.04%) 701(22.41%) 217(24.88%) 0(0.0%) 32(3.97%) 61(1.80%) 4(0.78%)

Former
smoker

2(25.00%) 45(21.84%) 432(13.81%) 98(11.23%) 2(20.00%) 48(5.96%) 101(2.598%) 8(1.56%)
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Table 1.The values outside the parentheses are the number of people,and the values inside the parentheses are the percentages. Data are
expressed as mean  SD. Pvalues were estimated using tow-way analysis variance or  test. BUN, Blood Urea  nitrogen; PA, physical activity;
BP, Blood pressure;  AF, atherogenic Factor WHR, Waist to hip ratio ;  BMI, Body mass index; PBF, Percent body fat ; GFR;glomerular
�lteration rate.

 

For females, atherogenic index had a direct (  and indirect ( lower effects via BUN, high blood pressure, diabetes and obesityas an
intermediate variables on eGFR. BUN had direct (  and indirect ( lower effects via high blood pressure on eGFR. High blood pressure was
associated with lowereGFR ( ). Diabetes had direct (  and indirect ( lower effects on eGFR. Obesity had direct and positive ( ) and indirect
and negative ( ) effects on eGFR. Diabetes and BUN were associated with high blood pressure ( and respectively). For males, atherogenic
index had a lowerdirect effect (  on GFR. BUN had direct (  and indirect ( lower effects via high blood pressure, as an intermediate variable,
on GFR. High blood pressure had ( lower direct effect on GFR. Smoking had lower direct ( ) and indirect ( ) effects, via obesity and high
blood pressure, as intermediate variables, on GFR. Physical activity had direct ( ) and lower effect on obesity . Meat consumption in
females had a direct (-0.01) and indirect (-0.03) effect on GFR (no effect on eGFR in males).  (Table 2).All goodness of �t indices indicated
that the model has acceptable �t.The results of the model �tness were reported in Figure 2.

Table 2: SEM results in 35-65-year-old- by sex at  RaNCDchort study
Female Male Variable

Indirect effect

(95%CI)

Direct effect

(95%CI)

Total effect

(95%CI)

Indirect effect

(95%CI)

Direct effect

(95%CI)

Total effect

(95%CI)
-0.01

(-0.020.009-   )

--0.06

(0.03- , 0.08-)

0.07-

(0.05- , 0.10-)

-0.005

(0.001- ,0.01-)

-0.02

(-0.05 , -0.01)

-0.03

(- 0.005 ,-0.06)

GFR   >---  Smoking

-0.01

(-0.02 , -0.03)

-0.19

(-0.23 , -0.17)

0.20-

(-0.23 , -0.17)

--- -0.13

(-0.16 , -0.10)

-0.13

(0.10- , 0.16-)

AF ---> GFR

-0.02

(-0.02 , -0.01)

-0.22

(-0.26 , -0.18)

-0.24

(-0.28 , -0.20)

0.01-

(0.006- , 0.01-)

-0.17

(0.13- , 0.22-)

-0.18

(0.14- , 0.23-)

BUN --->GFR

--- -0.12

(-0.15 , -0.09)

-0.12

(-0.15 , -0.09)

---- -0.12

(0.09- , 0.15-)

-0.12

(0.09- , 0.15-)

HTN--->GFR

-0.03

(-0.06 , 0.005)

-0.01

(-0.02 , 0.003)

-0.04

(-0.08 , -0.001)

--- --- --- Meats--->GFR

0.02

(0.01 , 0.03)

0.07

(0.04 , 0.10)

0.09

(0.06 , 0.12)

0.01

(0.02 , 0.007)

0.12

(0.15 , 0.08)

0.13

(0.17 , 0.10)

Obesity--->HTN

-0.02

(  0.01-   0.02 - )

0.10

(0.007 , 0.13)

0.08

(0.07 , 0.13)

--- --- --- Obesity---<GFR

-0.02

(-0.02 , -0.01)

-0.04

(0.01- , 0.07-)

-0.06

(-0.09 , -0.03)

--- --- --- Diabetes--->GFR

--- 0.08

(0.06 , 0.11)

0.08

(0.06 , 0.11)

--- 0.11

(0.14 , 0.08)

0.11

(0.14 , 0.08)

Obesity--->Diabetes

--- 0.17

(0.14 , 0.21)

0.17

(0.14 , 0.21)

---- 0.11

(0.15 , 0.06)

0.11

(0.15 , 0.06)

Diabetes--->HTN

--- -0.16

(-0.20 , -0.13)

-0.16

(-0.20 , -0.13)

---- -0.20

(0.17- , 0.24-)

-0.20

(0.17- , 0.24-)

P A--->Obesity 

--- 0.13

(0.10 , 0.16)

0.13

(0.10 , 0.16)

--- 0.19

(0.15 , 0.22)

0.19

(0.22 , 0.15)

Lipid pro�le --->Obesity

--- 0.15

(0.12 , 0.18)

0.15

(0.12 , 0.18)

--- 0.07

(0.04 , 0.11)

0.07

(0.11 , 0.04)

BUN --->HTN

Note. BUN, blood urea  nitrogen; PA, physical activity; BP, blood pressure;  AF, atherogenic factor, WHR; waist to hip rat
BMI, body mass index; PBF, percent body fat. interpretation of one result as an exemple: In female, atherogenic variable h
direct (  and indirect (  decreasing effects via mediating variables (BUN, high blood pressure, diabetes and obesity) on GF
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Note. BUN, blood urea  nitrogen; PA, physical activity; BP, blood pressure;  AF, atherogenic factor, WHR; waist to hip ratio ;  BMI, body mass
index; PBF, percent body fat.interpretation of one result as an exemple: For females, atherogenic variable had direct (  and indirect (
 decreasing effects via mediating variables (BUN, high blood pressure, diabetes and obesity) on GFR.

Discussion
In this population-based study, we examined factors associated with glomerular �ltration rates (GFR) in both  genders.The �ndings of our
study showed that obesity, diabetes, blood urea nitrogen, atherogenic factor, hypertension,meat consumption, and smoking were
associated with lower GFR.

Several risk factors (hypertension, diabetes, high blood lipids,smoking) can affect on eGFR which has been reported from studies
elsewhere[34].Multivariate analysis of a retrospective cohort study on patients with renal disease in Japan (2012) showed that smoking,
high blood pressure, high triglycerides, and low HDL each had an independent effect on CKD. Other studies also showed similar results
regarding the effects of high blood pressure and high TG and LDL levels on CKD[35, 36].

In the current research, obesity in females had direct (positive) and indirect (negative) effects, via hypertension and diabetes, on GFR.
Results from studies on effect of obesity on GFR are not similar[37, 38]. Iseki et al. reported an independent relationship between obesity
and ESRD[14]. Like obese people,  overweight people were highly likely to develop ESRD [39]. Hypotheses suggest that low muscle mass is
associated with low levels of serum creatinine resulting in low GFR in normal people with no CKD. Nonetheless, obesity increases the risk
for type 2 diabetes, high blood pressure and dyslipidemia [40], which in turn lead to low GFR.

A meta-analysis showed that there is a U-shape relationship between eGFR and death rate;eGFR< 60 ml/min/173m2 increases death rate
incrementally, but eGFR> 105 ml/min/173m2 results in sharp decrease in death rate [41].

In RaNCD cohort study, low value of eGFRin females was due to inadequate physical activity and high prevalence of metabolic risk factors
such as obesity, high blood lipids, and high blood pressure.

eGFR was also related toBUN which had negative direct and indirect relationship with GFR in both males and females. The value for BUN is
in fact a sign of proper kidney functioning. The main causes of increased BUN are high-protein diets, low GFR, and congestive heart failure.
BUN may increase independent from changes in creatinine and GFR. Such increase is due to reabsorption from proximal tube through the
activity of renin-angiotensin-aldosterone sympathetic nervous systems[42].There is a non-linear relationship between increasing BUN and
decreasing GFR. Signi�cant GFR decrease (>75%)is associated with an increase in BUN in the early stage of a renal disease. On the other
hand, a relatively minor decrease in GFR is associated with a relatively high increase in urea concentrations and serum creatinine [43].In our
study, BUN had a negative and indirect effect via high blood pressure, as an intermediate variable on GFR. Findings of previous studies
suggested that high blood pressureis signi�cantly associated with increased kidney damage in females and males[44, 45].A meta-analysis
study in 2014 showed a signi�cant relationship between high blood pressure and incidence of ESRD[46]. In the current research, high blood
pressure was directly related to decrease in GFR.Meat consumption in women has a direct and indirect effect on GFR ,which is consistent
with similar studies[47, 48].

Dyslipidemia is an important risk factor for cardiovascular disease and CKD. In a study of 12728 subjects with a 2-year follow up, it was
found that high triglyceride and low HDL both were risk factors for increased creatinine. These lipide pro�les had confusing effects on
creatinine after adjustment for other risk factors[46].The mechanism through which fat causes damage to kidneys is not clear, but
glomeruli sclerosis and atherosclerosis seem to have similar effects[49].The current research �ndings showed that atherogenic index had
direct and indirect relationship with low levels of GFR.

It is worth noting that this study is the �rst study that uses SEM for assessing the risk factors associated with GFR.The most important
strength of the present study was the sample size which was large enough to investigate the association between all the above mentioned
variables with GFR. Using SEM and path analysis, we were able to investigate both direct and indirect effects of GFR risk factors. However,
our study suffered from the following limitations:

Using a cross-sectional study, we were unable to con�rm that the studied exposures had an exact causal relationship with the level of
eGFR.The researchers’ de�nition of eGFR was only based on serum creatinine criterion which could lead to biased classi�cation. Other
studies have shown that eGFR measurement for subjects with normal kidney functioning was performed with less accuracy than those
with CKD. However, it was more accurate than serum creatinine or Cockcroft-Gaultequation.



Page 7/10

Conclusion
Findings of the present study con�rmed the results of previous studies on the risk factors of eGFR including hypertension, diabetes, blood
lipids, BUN, obesity and smoking. Although low eGFR might have different reasons and is not a consistent sign of CKD, our �ndings are in
line with reports from elsewhere and provides more detailed information about important risk factors of low GFR. Awareness of such risk
factors will lead to positive health behaviours in general public. Future studies are recommended to investigate the effect of other variables
icluding medications and food on eGFR.

Declarations
Ethics approval and consent to participate

From all participants in the cohort study after knowing the objectives of the study, informed written consent was obtained. The cohort
study was given ethical approval by the Ethics Committee of Kermanshah University of Medical Sciences (ethics approval number:
KUMS.REC.1394.318).

Consent to publish

Not applicable.

Availability of data and materials

All the information on how to access the RaNCD, with a list of current proposals and papers currently under preparation, can be found on
our website: www.persiancohort.com

Competing interests

The authors declare that they have no competing interests.

Funding

Farid Naja� was supported by the Ministry of Health and Medical Education of Iran and Kermanshah University of Medical Science (Grant
No: 92472). The funding was used for data collection.

Authors' Contributions

PJ and MM wrote much of the manuscript and performed all statistical analysis and generated �gures and tables. FN,BH,YP,MSH and ES
contributed their nephrology expertise and provided signi�cant contributions to the literature review and collaborated in the writing of the
manuscript. All authors have read and approved of this statement.

Acknowledgements

RaNCD is part of PERSIAN national cohort and we would like to thank Professor Reza Malekzadeh Deputy of Research and Technology at
the Ministry of Health and Medical Education of Iran and Director of the PERSIAN cohort and also Dr.HosseinPoustchi Executive Director of
PERSIAN cohort for all their supports during design and running of RaNCD.

Reference
1. Mackensen-Haen S, Bader R, Grund K, Bohle A: Correlations between renal cortical interstitial �brosis, atrophy of the proximal tubules

and impairment of the glomerular �ltration rate. Clinical nephrology 1981, 15(4):167-171.

2. Klassen DK, Weir MR, Buddemeyer EU: Simultaneous measurements of glomerular �ltration rate by two radioisotopic methods in
patients without renal impairment. Journal of the American Society of Nephrology 1992, 3(1):108-112.

3. Glassock RJ: Referrals for chronic kidney disease: real problem or nuisance?Jama 2010, 303(12):1201-1203.

4. Thomas B, Matsushita K, Abate KH, Al-Aly Z, Ärnlöv J, Asayama K, Atkins R, Badawi A, Ballew SH, Banerjee A: Global cardiovascular
and renal outcomes of reduced GFR. Journal of the American Society of Nephrology 2017, 28(7):2167-2179.

5. Best PJ, Lennon R, Ting HH, Bell MR, Rihal CS, Holmes DR, Berger PB: The impact of renal insu�ciency on clinical outcomes in
patients undergoing percutaneous coronary interventions. Journal of the American College of Cardiology 2002, 39(7):1113-1119.

http://www.persiancohort.com/


Page 8/10

�. Mann JF, Gerstein HC, Pogue J, Bosch J, Yusuf S: Renal insu�ciency as a predictor of cardiovascular outcomes and the impact of
ramipril: the HOPE randomized trial. Annals of internal medicine 2001, 134(8):629-636.

7. Levey A, Atkins R, Coresh J, Cohen E, Collins A, Eckardt K-U, Nahas M, Jaber B, Jadoul M, Levin A: Chronic kidney disease as a global
public health problem: approaches and initiatives–a position statement from Kidney Disease Improving Global Outcomes. Kidney
international 2007, 72(3):247-259.

�. Kagiyama S, Matsumura K, Ansai T, Soh I, Takata Y, Awano S, Sonoki K, Yoshida A, Takehara T, Iida M: Chronic kidney disease
increases cardiovascular mortality in 80-year-old subjects in Japan. HypertensionResearch 2008, 31(11):2053.

9. Manjunath G, Tighiouart H, Ibrahim H, MacLeod B, Salem DN, Gri�th JL, Coresh J, Levey AS, Sarnak MJ: Level of kidney function as a
risk factor for atherosclerotic cardiovascular outcomes in the community. Journal of the American College of Cardiology 2003,
41(1):47-55.

10. Bleyer AJ, Shemanski LR, Burke GL, Hansen KJ, Appel RG: Tobacco, hypertension, and vascular disease: risk factors for renal
functional decline in an older population. Kidney international 2000, 57(5):2072-2079.

11. Briganti EM, Branley P, Chadban SJ, Shaw JE, McNeil JJ, Welborn TA, Atkins RC: Smoking is associated with renal impairment and
proteinuria in the normal population: the AusDiab Kidney Study. American Journal of Kidney Diseases 2002, 40(4):704-712.

12. Fox CS, Larson MG, Leip EP, Culleton B, Wilson PW, Levy D: Predictors of new-onset kidney disease in a community-based population.
Jama 2004, 291(7):844-850.

13. Haroun MK, Jaar BG, Hoffman SC, Comstock GW, Klag MJ, Coresh J: Risk factors for chronic kidney disease: a prospective study of
23,534 men and women in Washington County, Maryland. Journal of the American Society of Nephrology 2003, 14(11):2934-2941.

14. Iseki K, Ikemiya Y, Kinjo K, Inoue T, Iseki C, Takishita S: Body mass index and therisk of development of end-stage renal disease in a
screened cohort. Kidney international 2004, 65(5):1870-1876.

15. Chan C: Hyperlipidaemia in chronic kidney disease. Ann Acad Med Singapore 2005, 34(1):31-35.

1�. Tozawa M, Iseki K, Iseki C, Oshiro S, Ikemiya Y, Takishita S: In�uence of smoking and obesity on the development of proteinuria.
Kidney international 2002, 62(3):956-962.

17. Sarstedt M, Ringle CM, Smith D, Reams R, Hair Jr JF: Partial least squares structural equation modeling (PLS-SEM): A useful tool for
family business researchers. Journal of Family Business Strategy 2014, 5(1):105-115.

1�. Al-Gahtani SS: Empirical investigation of e-learning acceptance and assimilation: A structural equation model. Applied Computing and
Informatics 2016, 12(1):27-50.

19. Eghtesad S, Mohammadi Z, Shayanrad A, Faramarzi E, Joukar F, Hamzeh B, Farjam M, Sakhvidi MJZ, Miri-Monjar M, Moosazadeh M:
The PERSIAN cohort: providing the evidence needed for healthcare reform. Archives of Iranian medicine 2017, 20(11):691.

20. Poustchi H, Eghtesad S, Kamangar F, Etemadi A, Keshtkar A-A, Hekmatdoost A, Mohammadi Z, Mahmoudi Z, Shayanrad A, Roozafzai
F: Prospective epidemiological research studies in Iran (the PERSIAN Cohort Study): Rationale, objectives, and design. American
journal of epidemiology 2017, 187(4):647-655.

21. Pasdar Y, Naja� F, Moradinazar M, Shakiba E, Karim H, Hamzeh B, Nelson M, Dobson A: Cohort pro�le: Ravansar Non-Communicable
Disease cohort study: the �rst cohort study in a Kurdish population. International journal of epidemiology 2019.

22. Organization WH: Waist circumference and waist-hip ratio: report of a WHO expert consultation, Geneva, 8-11 December 2008. 2011.

23. Bryant CX, Green DJ: ACE lifestyle & weight management consultant manual: the ultimate resource for �tness professionals: American
Council on Exercise; 2007.

24. Expert Panel on Detection E: Executive summary of the third report of the National Cholesterol Education Program (NCEP) expert panel
on detection, evaluation, and treatment of high blood cholesterol in adults (Adult Treatment Panel III). Jama 2001, 285(19):2486.

25. Eknoyan G, Levin NW: K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classi�cation, and strati�cation. Am J
Kidney Dis 2002, 39(2 Suppl 1):S1-266.

2�. Poggio ED, Wang X, Greene T, Van Lente F, Hall PM: Performance of the modi�cation of diet in renal disease and Cockcroft-Gault
equations in the estimation of GFR in health and in chronic kidney disease. Journal of the American Society of Nephrology 2005,
16(2):459-466.

27. Levey A: A simpli�ed equation to predict glomerular �ltration rate from serum creatinine. J Am Soc Nephrol 2000, 11:A0828.

2�. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D: A more accurate methodto estimate glomerular �ltration rate from serum
creatinine: a new prediction equation. Annals of internal medicine 1999, 130(6):461-470.

29. VII J: Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL, Jones DW, Materson BJ, Oparil S, WrightJr JT, Roccella EJ.
The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure JAMA



Page 9/10

2003, 289:2560-2572.

30. Organization WH: Diabetes mellitus. Report of a WHO study group. WHO TechnicalReport 1985.

31. Karyani AK, Matin BK, Soltani S, Rezaei S, Soo� M, Salimi Y, Moradinazar M, Hajizadeh M, Pasdar Y, Hamzeh B: Socioeconomic
gradient in physical activity: �ndings from the PERSIAN cohort study. BMC public health 2019, 19(1):1312.

32. Ikewuchi JC, Ikewuchi CC, Ifeanacho MO: Attenuation of salt-loading induced cardiomegaly and dyslipidemia in Wistar rats by
aqueous leaf extract of Chromolaena odorata. Pharmacology & Pharmacy 2014, 5(02):160.

33. Cohen P, West SG, Aiken LS: Applied multipleregression/correlation analysis for the behavioral sciences: Psychology Press; 2014.

34. Wang F, Ye P, Luo L, Xiao W, Wu H: Association of risk factors for cardiovascular disease and glomerular �ltration rate: a community-
based study of 4925 adults in Beijing. Nephrology Dialysis Transplantation 2010, 25(12):3924-3931.

35. Coresh J, Astor B, Sarnak MJ: Evidence for increased cardiovascular disease risk in patients with chronic kidney disease. Current
opinion in nephrology and hypertension 2004, 13(1):73-81.

3�. Shepherd J, Kastelein JJ, Bittner V, Deedwania P, Breazna A, Dobson S, Wilson DJ, Zuckerman A, Wenger NK, Investigators T: Intensive
lipid lowering with atorvastatin in patients with coronary heart disease and chronic kidney disease: the TNT (Treating to New Targets)
study. Journal of the American College of Cardiology 2008, 51(15):1448-1454.

37. Tomaszewski M, Charchar FJ, Maric C, McClure J, Crawford L, Grzeszczak W, Sattar N, Zukowska-Szczechowska E, Dominiczak AF:
Glomerular hyper�ltration: a new marker of metabolic risk. Kidney international 2007, 71(8):816-821.

3�. Chandrajay D: Association of estimated glomerular �ltration rate and albuminuria with all-cause and cardiovascular mortality in
general population cohorts: a collaborative meta-analysis. In.: SAGE Publications Sage UK: London, England; 2010.

39. Stenvinkel P, Zoccali C, Ikizler TA: Obesity in CKD—what should nephrologists know?Journal of the American Society of Nephrology
2013, 24(11):1727-1736.

40. Usberti M, Federico S, Di Minno G, Ungaro B, Ardillo G, Pecoraro C, Cianciaruso B, Cerbone AM, Cirillo F, Pannain M: Effects of
angiotensin II on plasma ADH, prostaglandin synthesis, and water excretion in normal humans. American Journal of Physiology-Renal
Physiology 1985, 248(2):F254-F259.

41. Stengel B, Tarver–Carr ME, Powe NR, Eberhardt MS, Brancati FL: Lifestyle factors, obesity and the risk of chronic kidney disease.
Epidemiology 2003, 14(4):479-487.

42. Sharkey L: Kidney Function Tests. Interpretation of Equine Laboratory Diagnostics 2017:39.

43. Tozawa M, Iseki K, Iseki C, Kinjo K, Ikemiya Y, Takishita S: Blood pressure predicts risk of developing end-stage renal disease in men
and women. Hypertension 2003, 41(6):1341-1345.

44. Hsu C-y, McCulloch CE, Darbinian J, Go AS, Iribarren C: Elevated blood pressure and risk of end-stage renal disease in subjects without
baseline kidney disease. Archives of internal medicine 2005, 165(8):923-928.

45. Huang Y, Cai X, Zhang J, Mai W, Wang S, Hu Y, Ren H, Xu D: Prehypertension and incidence of ESRD: a systematic review and meta-
analysis. American Journal of Kidney Diseases 2014, 63(1):76-83.

4�. Chan DT, Irish AB, Dogra GK, Watts GF: Dyslipidaemia and cardiorenal disease: mechanisms, therapeutic opportunities and clinical
trials. Atherosclerosis 2008, 196(2):823-834.

47. Pan A, Sun Q, Bernstein AM, Schulze MB, Manson JE, Stampfer MJ, Willett WC, Hu FB: Red meat consumption and mortality: results
from 2 prospective cohort studies. Archives of internal medicine 2012, 172(7):555-563.

4�. Lew Q-LJ, Jafar TH, Koh HWL, Jin A, Chow KY, Yuan J-M, Koh W-P: Red meat intake and risk of ESRD. Journal of the American Society
of Nephrology 2017, 28(1):304-312.

49. Diamond JR, Karnovsky MJ: Focal and segmental glomerulosclerosis: analogies to atherosclerosis. Kidney international 1988, 33(5).

 

Figures



Page 10/10

Figure 1

The conceptual model diagram for risk factors relationship with glomerular �ltration rate Note. BUN, blood urea nitrogen; PA, physical
activity; BP, blood pressure; AF, atherogenic factor, WHR; waist to hip ratio ; BMI, body mass index; PBF, percent body fat

Figure 2

part Aand B: shows structural equation models for assessing direct and indirect effects on GFR for both females and males by
standardized path coe�cient and goodness of �t indices."e" represent the errors Note. BUN, blood urea nitrogen; PA, physical activity; BP,
blood pressure; AF, atherogenic factor WHR, waist to hip ratio ; BMI, body mass index; PBF, percent body fat


