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Abstract

Objectives: The study aimed to compare the Modification of Diet in Renal Disease Study (MDRD) and the Epidemiology Collabora-
tion (CKD-EPI) equations for the detection of cardiovascular risk.
Methods: Data of 9,970 Tehranian participants aged ≥ 20 years were analyzed. The prevalence of cardiovascular disease (CVD),
its risk factors, and 10-year atherosclerotic cardiovascular disease (ASCVD) risk were compared across the categories of glomerular
filtration rate based on the MDRD and CKD-EPI equations. Chronic kidney disease (CKD) was defined as the estimated Glomerular
Filtration Rate (eGFR) < 60 mL/min/1.73 m2 according to each equation.
Results: The prevalence of CKD weighted to the 2016 Tehranian urban population was 11.0% (95% confidence interval: 10.3 - 11.6) and
9.7% (9.1 - 10.2) according to the MDRD and CKD-EPI equations, respectively. Besides, 8.3% and 1.5% of the participants with CKDMDRD

and non-CKDMDRD were reclassified to non-CKDCKD-EPI and CKDCKD-EPI categories, respectively. Participants with CKDCKD-EPI but without
CKDMDRD were more likely to be male and older, and more frequently had diabetes, hypertension, dyslipidemia, and CVD, when
compared to those without CKD according to both equations; they were also more likely to be male, older, and smokers, and had
less dyslipidemia and more CVD, when compared to those with CKD by using both equations. In multivariate logistic regression
analysis, compared to CKDMDRD, the odds of CKDCKD-EPI were significantly higher for older age and lower for the female gender.
Conclusions: Compared to MDRD, the CKD-EPI equation provides more appropriate detection of cardiovascular risk, which is
caused by the reclassification of older individuals and fewer females into lower eGFR categories.

Keywords: Chronic Kidney Disease, Glomerular Filtration Rate, MDRD Equation, CKD-EPI Equation, Cardiovascular Cardiovascular
Disease

1. Background

Serum creatinine (Cr) is most commonly used to quan-
tify the glomerular filtration rate (GFR) and is considered
a classic kidney function indicator (1). Decreased GFR has
been regarded as an independent risk factor for cardiovas-
cular disease (CVD) morbidity and mortality (2). In 2013,
a GFR of < 60 ml/min/1.73 m2 contributed to nearly 4% of
all deaths and 18.7 million cardiovascular DALYs worldwide
(3). Moreover, the presence of cardiovascular risk factors
confers higher CVD mortality and morbidity in patients
with decreased GFR (4, 5).

The Modification of Diet in Renal Disease Study (MDRD)
and the Chronic Kidney Disease Epidemiology Collabora-

tion (CKD-EPI) equations are widely used in clinical labora-
tories for the estimation of GFR and reporting the preva-
lence of chronic kidney disease (CKD) based on serum Cr
concentrations. The MDRD equation was developed in pa-
tients with CKD, and its use in clinical and public health
practice is limited by the systematic underestimation of
GFR in populations with normal or near-normal kidney
function and overestimation of CKD prevalence. The CKD-
EPI equation has been developed to provide more reliable
GFR estimations and improve the precision and bias of the
MDRD equation, especially in individuals with higher lev-
els of measured GFR; thus, it can have important impli-
cations for clinical decision-making in patients with de-
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creased kidney function (6, 7).

The burden of CVD, as the leading cause of prema-
ture mortality in Iran and the Middle East, is high and
still increasing, with larger trends than those in America,
Europe, and Eastern Asia (8). A meta-analysis of studies
mainly conducted in western and eastern Asian countries
has indicated that the CKD-EPI equation predicts all-cause
and cardiovascular mortality and end-stage renal disease
(ESRD), more accurately than the MDRD equation (9). How-
ever, since both of these equations were derived from large
North American populations and comprise coefficients ad-
justed for the African American ethnicity (7, 10), there are
still concerns that they may not perform similarly in dif-
ferent ethnicities. This is while experimental evidence to
support these results being applicable across the middle
eastern populations is lacking.

2. Objectives

The purpose of this study was to compare the MDRD
and CKD-EPI equations for the detection of CVD and cardio-
vascular risk factors in a large sample of the general Tehra-
nian adult population.

3. Methods

3.1. Study Population

The Tehran Lipid and Glucose Study (TLGS) is an ob-
servational population-based cohort study being launched
since 1999 to evaluate the incidence of cardiovascular out-
comes and their risk factors among a representative sam-
ple of the general Tehranian population. The aims and de-
signs of TLGS have been described previously (11). The par-
ticipants were recruited by a multistage cluster random
sampling technique from the urban district 13 of Tehran in
the first phase (1999 - 2001) and the second phase (2002 -
2005). The follow-up assessments were performed in sub-
sequent surveys at approximately 3.6-year intervals. For
the current study, from a total of 11,420 participants in the
sixth (2016 - 2018) TLGS phase, 10,092 adults aged ≥ 20
years were initially selected, and 122 were excluded due to
missing data. All procedures performed in studies involv-
ing human participants followed the ethical standards of
the Human Research Review Committee of the Endocrine
Research Center, Shahid Beheshti University, Tehran, Iran,
and the 1964 Helsinki declaration and its later amend-
ments, with approval from the National Research Council
of the Islamic Republic of Iran (No. 121).

3.2. Clinical and Laboratory Measurements

Data on age, gender, medical history, medication (anti-
hypertensive, lipid-lowering, and antidiabetic agents), and
smoking status were collected by trained interviewers us-
ing a pretested questionnaire. The protocol for the CVD
outcome data collection has been described in detail else-
where (12). Height was measured barefoot using a sta-
diometer. Waist circumference (WC) was measured at the
level of umbilicus with minimal clothing, using a tape
with an accuracy of 1 mm. Weight was measured using
digital scales and recorded to the nearest 100 g. Two mea-
surements of systolic and diastolic blood pressures were
done from the right arms of participants after 15 minutes
of resting in the supine position. The laboratory methods
of TLGS have been described in detail elsewhere (11). Labo-
ratory measurements were done at the TLGS research labo-
ratory on the same day of sampling. Plasma Cr concentra-
tions were assessed by the standard colorimetric Jaffe_Ki-
netic reaction method (Pars Azmon Inc., Iran; with intra-
and inter-assay coefficients of variation of 2.5% and 1.9%,
respectively, and sensitivity of 0.2 mg/dL). The assay range
was between 18 and 1330 µmol/L (0.2 - 15 mg/dL). The refer-
ence intervals according to the manufacturer’s recommen-
dations were 80 - 115µmol (0.9 - 1.3 mg/dL) and 53 - 97µmol
(0.6 - 1.1 mg/dL) in men and women, respectively.

3.3. Definitions

We calculated the estimated GFR (eGFR) in ml/min/1.73
m2 using the four-variable MDRD equation (13) and the
CKD-EPI equation (7), as follows:

MDRD eGFR = 186.3× (serumCr)−1.154

× age−0.203 × (0.742 if female)

× (1.212 if African−American)

CKD − EPI eGFR = 141×min

(
serum

Cr

k
or 1

)α
×max

(
serum

Cr

k
or 1

)−1.209

× 0.993age × (1.018 if female)

in which k is 0.7 for females and 0.9 for males, α is -
0.329 for females and -0.411 for males, min indicates the
minimum of serum Cr/k or 1, and max indicates the max-
imum of serum Cr/k or 1.

Besides, CKD was defined as eGFR < 60 mL/min/1.73 m2

according to each equation. The body mass index (BMI)
was classified into three categories of < 25, 25 - 29.9, and
≥ 30 kg/m2. Diabetes mellitus (DM) was defined based on
the 2016 guideline of the American Diabetes Association
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as fasting plasma glucose ≥ 126 mg/dL, 2-h post-challenge
plasma glucose ≥ 200 mg/dL, or the use of any anti-
hyperglycemic medications (14). Hypertension was de-
fined as blood pressure of ≥ 140/90 mmHg, a self-reported
history of hypertension, or usage of anti-hypertensive
agents (15). Dyslipidemia was defined as serum triglyc-
eride of ≥ 200 mg/dL, TC of ≥ 240 mg/dL, or taking any
lipid-lowering medications (16). Regarding smoking sta-
tus, participants were placed into two groups of 1) current
smokers, referring to those with a daily or occasional use
of any tobacco products at the time of examination, and 2)
non-smokers, including quitters and those who have never
smoked. Moreover, CVD was defined as any coronary heart
disease (CHD) or stroke (a new neurological deficit that
lasted≥ 24 h), where CHD was regarded as present if cases
had definite myocardial infarction according to diagnos-
tic electrocardiographic results and biomarkers; probable
myocardial infarction, positive electrocardiographic find-
ings plus cardiac symptoms or signs plus missing biomark-
ers or positive electrocardiographic findings plus equivo-
cal biomarkers; or proven CHD by angiography. The 10-
year risk of atherosclerotic cardiovascular disease (ASCVD)
was defined according to the guidelines of the American
College of Cardiology/American Heart Association and es-
timated in subjects aged 40 to 79 years (17).

3.4. Statistical Methods

Continuous variables, all with normal distribution,
were expressed as mean ± standard deviation (SD), and
categorical variables were expressed as percentages. To re-
duce selection bias, the prevalence of CKD was weighted
directly to the characteristics of the urban population of
Tehran (18) based on the 2016 national Iranian census. For
this, a propensity score, the estimated probability of a par-
ticipant being followed in the study, was computed for
each participant using maximum likelihood logistic re-
gression analysis based on all baseline measures includ-
ing age, sex, education level, systolic and diastolic blood
pressure, FPG, TG, HDL, WC, BMI, intervention, family his-
tory of diabetes, and CVD as exposures in a logistic model,
with participation in the follow-up as the outcome. The
characteristics of the study participants were compared
between those with and without CKD, using Student’s t-
test or chi-square test for continuous and categorical vari-
ables, respectively. All the participants were then catego-
rized into four subgroups of CKD, according to each, both,
or neither of the MDRD and the CKD-EPI equations, using
the 2 × 2 cross-tabulation. Comparisons across the sub-
groups were performed using the one-way analysis of vari-

ance with the post hoc Bonferroni multiple-comparison
test for continuous variables. The chi-square tests were
used for the comparison of categorical variables. Multi-
variate logistic regression models, expressed as odds ra-
tios (OR) and 95% confidence intervals (CIs), were used
to explore the association of clinical characteristics with
CKDMDRD and CKDCKD-EPI, separately. SPSS software version
22.0 (SPSS Inc., Chicago, IL, USA) was used to conduct the
analysis. A two-tailed p-value of ≤0.05 was considered sig-
nificant in conjunction with all statistical tests.

4. Results

A total of 9,970 participants were enrolled in this study,
of whom 4,399 (44.1%) were males. The mean age was
48.8 ± 16.6 years. The mean serum creatinine was 1.1
± 0.2 mg/dl. The mean eGFRMDRD and eGFRCKD-EPI values
were 76.3 ± 13.8 and 80.5 ± 16.1 mL/min/1.73 m2, respec-
tively. The weighted prevalence (95% CI) of CKDMDRD and
CKDCKD-EPI was 11.0% (10.3 - 11.6) and 9.7% (9.1 - 10.2), respec-
tively. The prevalence of DM, hypertension, and dyslipi-
demia was 18.4%, 26.7%, and 47.0%, respectively; and CVD
was detected in 711 (7.1%) of the total study population. The
mean ACC/AHA 10-year ASCVD risk score among partici-
pants aged 40 - 79 years was 5.4 ± 7.3.

Table 1 shows the eGFR classification of study partici-
pants based on the MDRD and CKD-EPI equations. From
the classification of the MDRD equation, 830 (8.3%) sub-
jects were reclassified into a higher eGFR category and
182 (1.8%) subjects into a lower eGFR category by the CKD-
EPI equation; 152 (1.5%) of the study participants had
CKDCKD-EPI but not CKDMDRD, and 347 (3.5%) had CKDMDRD but
not CKDCKD-EPI.

In bivariate analysis, older age, female gender, higher
WC and BMI, having DM, hypertension, dyslipidemia, and
CVD, and not being currently a smoker were significantly
associated with CKD according to both equations. Besides,
CVD associated with CKD was 16.3% and 18.6% using the
MDRD and CKD-EPI equations, respectively. Among partic-
ipants aged 40 to 79 years, subjects with CKD, according
to both equations, had significantly higher mean ACC/AHA
10-year ASCVD risk scores than those without CKD (Table 2).

According to Table 3, participants with CKDCKD-EPI but
without CKDMDRD tended to be male and older, and more
frequently had diabetes, hypertension, dyslipidemia, and
CVD when compared to those without CKD based on ei-
ther equation; and were more likely to be male, older,
and current smokers and have more CVD but less dys-
lipidemia when compared to those with CKDMDRD and
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Table 1. Distribution of eGFR Categories Defined by the MDRD and CKD-EPI Equations a

MDRD eGFR, mL/min/1.73 m2
CKD-EPI eGFR, mL/min/1.73 m2

Total
< 30 30 - 59 60 - 89 ≥ 90

< 30 29 (0.3) 0 (0) 0 (0) 0 (0) 29 (0.3)

30 - 59 26 (0.3) 2,268 (22.7) 347 (3.5) 0 (0) 2,641 (26.5)

60 - 89 0 (0) 152 (1.5) 6,340 (63.6) 483 (4.8) 6,975 (70.0)

≥ 90 0 (0) 0 (0) 5 (0) 320 (3.2) 325 (3.3)

Total 55 (0.5) 2,420 (24.3) 6,692 (67.1) 803 (8.0) 9,970 (100.0)

Abbreviations: eGFR, estimated glomerular filtration rate; MDRD, modification of diet in renal disease; CKD-EPI, chronic kidney disease epidemiology collaboration.
aValues are presented as No. (%).

Table 2. Characteristics of Study Participants with and without Chronic Kidney Disease Defined Using MDRD and CKD-EPI Equations

Total
eGFRMDRD , mL/min/1.73 m2

P Value
eGFRCKD-EPI , mL/min/1.73 m2

P Value
Non-CKD CKD Non-CKD CKD

Total, No. (%) 9970 7300 (73.2) 2670 (26.8) < 0.001 7495 (75.2) 2475 (24.8) < 0.001

Females, No. (%) 5571 (55.9) 3711 (50.8) 1860 (69.7) < 0.001 3995 (53.3) 1576 (63.7) < 0.001

Mean age, y 48.8 ± 16.6 43.8 ± 14.7 62.6 ± 13.4 <0.001 43.2 ± 13.8 65.9 ± 11.9 < 0.001

Age categories, No.
(%)

<0.001 < 0.001

20 - 39 years 3366 (33.8) 3227 (44.2) 139 (5.2) 3325 (44.4) 41 (1.7)

40 - 59 years 3866 (38.8) 3020 (41.4) 846 (31.7) 3180 (42.4) 686 (27.7)

60 - 69 years 1461 (14.7) 624 (8.5) 837 (31.3) 695 (9.3) 766 (30.9)

≥ 70 years 1277 (12.8) 429 (5.9) 848 (31.8) 295 (3.9) 982 (39.7)

Mean WC, cm 94.3 ± 12.3 93.1 ± 12.3 98.0 ± 11.2 < 0.001 93.1 ± 12.3 98.4 ± 11.0 < 0.001

Mean BMI, kg/m2 28.0 ± 5.1 27.5 ± 5.0 29.3 ± 5.0 < 0.001 27.6 ± 5.0 29.1 ± 4.9 < 0.001

BMI categories, No.
(%)

< 0.001 < 0.001

< 25 kg/m2 2740 (28.6) 2301 (32.4) 439 (17.9) 2321 (31.7) 419 (18.7)

25 - 29.9
kg/m2

3920 (41.0) 2878 (40.5) 1042 (42.5) 2965 (40.5) 955 (42.6)

≥ 30 kg/m2 2906 (30.4) 1933 (27.2) 973 (39.6) 2040 (27.8) 866 (38.7)

DM, No. (%) 1587 (18.4) 834 (13.2) 753 (32.9) < 0.001 831 (12.7) 756 (36.0) < 0.001

Hypertension, No.
(%)

2644 (26.7) 1327 (18.3) 1317 (49.6) < 0.001 1308 (17.6) 1336 (54.3) < 0.001

Dyslipidemia, No.
(%)

4677 (47.0) 3068 (42.1) 1609 (60.4) < 0.001 3136 (41.9) 1541 (62.5) < 0.001

Currently smoking,
No. (%)

1282 (13.0) 1123 (15.5) 159 (6.0) < 0.001 1133 (15.2) 149 (6.1) < 0.001

CVD, No. (%) 711 (7.1) 276 (3.8) 435 (16.3) < 0.001 250 (3.3) 461 (18.6) < 0.001

10-year ASCVD risk,
%

5.4 ± 7.3 4.2 ± 5.9 7.7 ± 9.0 < 0.001 3.7 ± 5.2 8.9 ± 9.5 < 0.001

Serum Cr, mg/dL 1.10 ± 0.22 1.05 ± 0.15 1.25 ± 0.31 < 0.001 1.05 ± 0.15 1.26 ± 0.32 < 0.001

Mean MDRD eGFR 67.03 12.25 72.35 ± 9.01 52.49 ± 7.04 < 0.001 71.92 ± 9.26 52.24 ± 7.35 < 0.001

Mean CKD-EPI eGFR 69.65 14.75 76.07 ± 10.87 52.10 ± 8.32 < 0.001 75.77 ± 10.85 51.11 ± 7.92 < 0.001

Abbreviations: eGFR, estimated glomerular filtration rate; MDRD, modification of diet in renal disease; CKD-EPI, chronic kidney disease epidemiology collaboration;
BMI, body mass index; WC, waist circumference; DM, diabetes mellitus; CVD, cardiovascular disease; ASCVD, atherosclerotic cardiovascular disease; Cr, creatinine.
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CKDCKD-EPI. On the other side, 347 (3.5%) subjects with
CKDMDRD but without CKDCKD-EPI were more likely to be fe-
male and younger and had a lower prevalence of diabetes,
hypertension, dyslipidemia, and CVD when compared to
those with CKD according to both equations, and more
likely to be female and current smokers when compared
to those without CKD based on either equation. Partici-
pants with CKDCKD-EPI but without CKDMDRD and those with
CKDMDRD but without CKDCKD-EPI presented the highest and
the lowest 10-year ASCVD risks across the study subgroups,
respectively.

In multivariate logistic regression analysis, ORs of
CKDMDRD and CKDCKD-EPI were statistically significant for
older age, female gender, higher BMI, hypertension, dys-
lipidemia, and CVD. Older age and female gender were the
only factors with significantly different odds between the
MDRD and CKD-EPI equations (Table 4).

5. Discussion

The primary findings of this study were that among
the general Tehranian adult population, older individu-
als, males, and those with higher rates of CVD and car-
diovascular risk factors were more frequently classified
to have CKD based on the CKD-EPI equation compared
to the MDRD equation. These findings were in line with
those observed in a multi-ethnic meta-analysis of popula-
tions from America, Europe, and Eastern Asia. In the men-
tioned studies, subjects reclassified to non-CKDCKD-EPI were
younger, more likely to be female, and had lower rates of
DM and hypertension, while subjects who were reclassified
to CKDCKD-EPI were much older as compared to those who
remained in the same eGFR categories according to both
equations. Moreover, the reclassification of individuals to
CKDCKD-EPI categories from the MDRD equation provided a
more accurate prediction of cardiovascular mortality, even
after adjustment for multiple potential confounders (9).

While CVD is preventable and treatable in patients with
CKD, these patients are more likely to die from CVD than
to develop ESRD (19). Both CVD and CKD have become im-
portant health problems in Iran, associated with alarming
decreases in longevity and quality of life over the previ-
ous decades (20, 21). In 2015, Iran was among the coun-
tries with the greatest burden of CVD in the world, with an
overall prevalence of 9% and one million DALYs, account-
ing for 46% of all deaths (21). Likewise, in 2017, the preva-
lence of CKD was estimated to be 8.6% and 5.8% among Ira-
nian males and females, respectively, which were higher
than the global averages (22). Together, these data imply

the importance of identifying CKD patients and appropri-
ate allocation of health-care resources.

In this study, we observed that the CKD-EPI equation
categorized participants more appropriately respecting
their 10-year risk of developing ASCVD events than did the
MDRD equation. In Italy, using the UK Prospective Dia-
betes Study 10-year CHD risk score among patients with
type 2 DM and without a previous CVD event, subjects with
CKDCKD-EPI had significantly higher 10-year CHD risks when
compared to those with CKD by only the MDRD and both
of the equations (23). Likewise, in a general Korean popu-
lation with a rather high average eGFR of 96.8 ml/min/1.73
m2, with only 2.6% of the participants having CKD, reclas-
sification by the CKD-EPI equation improved the 10-year
Framingham CVD risk prediction in all GFR categories (24).

The presence of CKD is associated with the increased
risk of CVD in community-based populations with and
without preexisting CVD. Moreover, the level of kidney
function is now recognized as an independent risk factor
for the development of non-fatal and fatal CVD events in
the general population (25-27). The increased risk of CVD
in patients with CKD is not only due to the high prevalence
of traditional risk factors, including obesity, DM, and hy-
pertension but also independently because of atherogenic
lipid profile and low-grade inflammation, attributed to ex-
cessive oxidative stress and accumulation of toxins due to
impaired kidney function; moreover, increased activity of
the renin-angiotensin system, and decreased bioavailabil-
ity of nitric oxide, which suggests a possible mechanism
for coronary endothelial dysfunction in early stages of CKD
(28).

We demonstrated by multivariate logistic analysis that
the better performance of the CKD-EPI equation was in-
dependently and substantially caused by the reclassifica-
tion of older individuals and fewer females into CKDCKD-EPI.
The GFR decreases with aging, and decreased GFR is an
independent risk factor for CVD morbidity and mortal-
ity in older adults (29). In addition, in the general pop-
ulation, the female gender is associated with a lower car-
diovascular risk across all GFR levels (30, 31). Hence, this
finding would be another endorsement of the superior
performance of CKD-EPI over the MDRD equation. Simi-
larly, in a representative sample of 11,247 Australians, the
reclassification of subjects with CKDMDRD into the cate-
gory of non-CKDCKD-EPI was associated with a significant im-
provement in 10-year Framingham CVD risk score, only
for those aged over 65 years, but with no improvement in
younger age groups (32). In a study of 9,308 adults aged
≥ 50 years, 0% and 77.7% of their population reclassified
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Table 3. Characteristics of Study Participants with Chronic Kidney Disease Based on Each, Neither, or Both of MDRD and CKD-EPI Equations a

Variables CKDCKD-EPI and CKDMDRD Non-CKDCKD-EPI and non-CKDMDRD Non-CKDCKD-EPI and CKDMDRD CKDCKD-EPI and non-CKDMDRD

No. (%) 2323 (23.3) 7148 (71.7) 347 (3.5) 152 (1.5)

Females 67.3 51.7 85.6 b , c 8.6 b , c

Age, y 65.2 ± 11.8 43.1 ± 14.0 44.8 ± 9.5 b 77.0 ± 8.1 b , c

Age categories

20 - 39 years 1.8 45.1 28.2 b , c 0.0 b , c

40 - 59 years 28.8 42.0 51.3 b , c 11.8 b , c

60 - 69 years 33.0 8.7 20.5 b , c 0.0 b , c

≥ 70 years 36.5 4.1 0.0 b , c 88.2 b , c

BMI, kg/m2 29.3 ± 4.9 27.5 ± 5.0 29.3 ± 5.1 c 26.5 ± 4.1 b

WC, cm 98.6 ± 11.0 93.0 ± 12.4 94.6 ± 11.6 b 96.0 ± 10.4 c

DM 36.0 12.7 12.9 b 36.1 c

Hypertension 54.1 17.4 19.9 b 57.9 c

Dyslipidemia 63.2 41.9 42.4 b 52.0 b , c

Currently smoking 5.7 15.6 8.1 b , c 12.1 b , c

CVD 18.2 3.3 3.7 a 25.7 b , c

10-year ASCVD risk score 8.4 ± 9.2 3.9 ± 5.3 1.6 ± 2.2 b , c 18.9 ± 10.0 b , c

Serum Cr, mg/dL 1.3 ± 0.3 1.0 ± 0.1 1.1 ± 0.1 b 1.2 ± 0.1 b , c

Mean eGFRMDRD 51.6 ± 7.1 72.6 ± 9.0 58.5 ± 1.1 b 62.2 ± 1.3 b , c

Mean eGFRCKD -EPI 50.7 ± 8.0 76.5 ± 10.6 61.7 ± 1.4 b 57.8 ± 1.8 b , c

Abbreviations: eGFR, estimated glomerular filtration rate; MDRD, modification of diet in renal disease; CKD-EPI, chronic kidney disease epidemiology collaboration;
BMI, body mass index; WC, waist circumference; DM, diabetes mellitus; CVD, cardiovascular disease; Cr, creatinine; ASCVD, atherosclerotic cardiovascular disease.
aValues are expressed as percentages or mean ± SD.
b Significantly different compared to CKDCKD-EPI and CKDMDRD .
c Significantly different compared to non-CKDCKD-EPI and non-CKDMDRD .

to CKDCKD-EPI were aged 50 - 64 and≥ 75 years, respectively,
while these rates were 76.7% and 1.8%, respectively, among
those who were reclassified to non-CKDCKD-EPI. Subjects re-
classified to non-CKDCKD-EPI and CKDCKD-EPI from the MDRD
categories had respectively lower and higher 10-year Fram-
ingham CVD risk scores when compared to those who were
not reclassified (33). In a 16.9-year cohort of 131,905 U.S.
adults aged 45 to 64 years, the better performance of the
CKD-EPI equation over the MDRD equation for the predic-
tion of CHD, stroke, and all-cause mortality was explained
by more frequent classification of younger participants
and females to higher CKD-EPI eGFR categories (34).

The present study is the first of its kind that provides ev-
idence on the superiority of the CKD-EPI equation over the
MDRD equation for the detection of cardiovascular risk in
a large Middle Eastern population. However, several lim-
itations should be noted. First, we calculated eGFR based
on single-time Cr measurement and could not validate it
as persistent CKD. Second, we used the traditional MDRD
equation because the serum Cr assay was not traceable to

isotope dilution mass spectroscopy. Third, since we in-
cluded participants from the 2016 - 2018 TLGS survey, the
representativeness of the data was a major concern; ac-
cordingly, we weighted our population characteristics to
the 2016 Tehranian urban population. Finally, due to the
cross-sectional design of the study, it was impossible to in-
fer a causal relationship between eGFR decline and cardio-
vascular events.

5.1. Conclusions

As in other ethnicities, in a large sample of the gen-
eral Tehranian adult population, the CKD-EPI equation pro-
vided more appropriate detection of cardiovascular risk
than did the MDRD equation, which is caused by the reclas-
sification of older individuals and fewer females into lower
eGFR categories. Our findings imply the potential benefits
of replacing MDRD with the CKD-EPI equation in clinical
and public health practice across the Middle Eastern coun-
tries.
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Table 4. Multivariate Logistic Regression for CVD and its Risk Factors in Association with Chronic Kidney Disease Based on MDRD and CKD-EPI Equations

Variables CKDMDRD , Odds Ratio (95% CI) CKDCKD-EPI , Odds Ratio (95% CI)

Gender

Male Reference Reference

Female 3.1 (2.7 - 3.6) 2.2 (1.9 - 2.5)

Age

20 - 39 years Reference Reference

40 - 59 years 5.3 (4.3 - 6.6) 14.3 (10.1 - 20.4)

60 - 69 years 25.0 (19.8 - 31.5) 65.2 (45.2 - 93.9)

≥ 70 years 37.2 (28.8 - 48.2) 193.4 (131.4 - 284.8)

BMI

< 25 kg/m2 Reference Reference

25 - 29.9 kg/m2 1.3 (1.1 - 1.6) 1.3 (1.1 - 1.5)

≥ 30 kg/m2 1.3 (1.1 - 1.6) 1.2 (1.0 - 1.5)

DM 1.0 (0.9 - 1.2) 1.1 (0.9 - 1.3)

Hypertension 1.3 (1.1 - 1.5) 1.4 (1.2 - 1.6)

Dyslipidemia 1.3 (1.1 - 1.4) 1.3 (1.1 - 1.5)

Currently smoking 0.9 (0.7 - 1.4) 0.8 (0.6 - 1.0)

CVD 1.4 (1.2 - 1.8) 1.4 (1.1 - 1.7)

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; MDRD, modification of diet in renal disease; CKD-EPI, chronic kidney disease epidemiology collabo-
ration; BMI, body mass index; DM, diabetes mellitus.
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