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Abstract

Context: Chronic kidney disease (CKD), is correlated with a substantial upsurge in mortality and morbidity worldwide. In this
review, we aimed to review the 20-year-findings on CKD of the Tehran lipid and glucose study (TLGS).

Evidence Acquisition: We conducted a systematic review of all studies on CKD that had been performed in the context of TLGS.
Results: Age adjusted prevalence of CKD, according to estimated glomerular filtration rate (eGFR) assessed with the two abbreviated
equations of the modification of diet in renal disease (MDRD) and the CKD epidemiology collaboration (CKD-EPI) were 11.3% (95%
confidence interval (CI):10.7,12.0) and 8.5% (95% CI: 7.9, 9.1), respectively. Using MDRD equation, over a mean follow up of 9.9 years,
the incidence density rates of CKD were 285.3 person years in women and 132.6 per 10000 person-years in men. Studies on the TLGS
population documented that abdominal adiposity defined as waist circumference (WC) categories (P for trend < 0.02) and waist
gainin men (hazard ratio (HR)=1.7,Cl: 13, 2.2) significantly affected CKD development. Also, CKD had a significant effect on coronary
heart disease (CHD) only in participants with low body mass index (HR = 2.06; CI: 1.28, 3.31 and HR = 2.56; CI: 1.04, 6.31 in men and
women, respectively). Moreover, CKD was among the strongest independent predictors of stroke (HR = 2.01, CI: 1.22, 3.33). Also,
compared to diabetic patients, an abnormal ECG was more prevalent in moderate CKD (P=0.02).

Conclusions: Increased waist circumference and waist gain (only in men) were associated with developing CKD in the TLGS popu-
lation. CKD was an independent predictor of CHD (in lean individuals) and stroke.

Keywords: Chronic Kidney Disease (CKD), Tehran Lipid and Glucose Study (TLGS)

1. Context

Chronic kidney disease (CKD), is correlated with a sub-
stantial upsurge in mortality and morbidity worldwide.
Importantly, there has been a rise in its prevalence and in-
cidence all over the world (1). The kidney disease outcome
quality initiative (K/DOQI) guideline, defines chronic kid-
ney disease as either kidney damage or glomerular filtra-
tion rate (GFR) < 60 mL/min/1.73 m?* (1.0 mL/s/1.73 m?) for >
3 months (2).

Anumber of risk factors are known to affect CKD. They
include female gender, age, anthropometric indices, smok-
ing, diabetes mellitus, hypertension, and dyslipidemia.
On the other hand, chronic kidney disease is associated
with a number of metabolic and cardiovascular disorders.
Also, electrocardiographic (ECG) changes are common in
patients with CKD; however, there are still uncertainties
about whether or not ECG disturbances can predict future
cardiovascular events in these patients (3).

The aim of this study was to review the 20 years results

of the Tehran lipid and glucose study (TLGS) on CKD and its
association with metabolic and cardiovascular diseases.

2. Evidence Acquisition

We conducted a systematic review of all TLGS-based
studies addressing chronic kidney disease. The terms
“chronic kidney disease” AND “Tehran lipid and glucose
study” were used to search in PubMed/Medline. All arti-
cles with the term “chronic kidney disease” in their title,
subject or MeSh were included for the initial review. Since
studies on nutrition issues as their main topic have been
addressed elsewhere, we excluded all articles that had ex-
amined the relationship between CKD and nutrition from
this review.

2.1. Definitions and Classification of CKD

GFRis estimated by a number of equations. One of the
most commonly used ones is the abbreviated modification
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of diet in renal disease (MDRD) equation. The equation is
expressed as:

GFR=186 X (SCr)-1.154 X (Age)-0.203 X (0.742 if female)
% (1.210 if African-American)

In this equation, GFR is expressed as mL/min per 1.73
m?, and serum creatinine (Scr) is expressed as mg/dL (1).
Although the MDRD equation is quite popular, the CKD
epidemiology collaboration (CKD-EPI) equation estimate
GFR more accurately in individuals with either normal,
mildly reduced, or even elevated GFR. Moreover, the CKD-
EPI equation has resulted in diagnosing fewer individuals
with CKD and more precise risk estimation for mortality
than the MDRD equation in extremely large and broad pop-
ulations. Previous studies compared the values of directly
measured and eGFR. Their results showed that the CKD-EPI
equation to estimate the GFR has been the most recom-
mended creatinine-based alternative method for directly
measured GFR to categorize CKD and assessment of the re-
lated risk factors (4). Using the CKD-EPI equation GFR is es-
timated as:

eGFR (mL/min per1.73 m?)=141 X minimum (Scr/x,1) v
X maximum (Scr/k,1)-1.209 X 0.993 Age X 1.018 [if female],
where x = 0.7 for females and 0.9 for males, o =-0.329 for
females and-0.411 for males (5). The classification of CKD by
stages is precisely defined by criteria of the kidney disease
outcome quality initiative (K/DOQI) (1).

3. Results

3.1. Prevalence

Using the abbreviated MDRD study equation, Hossein-
panah et al. found that prevalence of CKD was 18.9% (95%
confidence interval (CI):18.2,20.6). Accordingly, they found
age adjusted CKD prevalence to be 14.9% (CI:14.2,15.6). Risk
factors correlated with CKD comprised of age (odds ratio
(OR) =11, CI: 1.0, 1.2), gender (reference, male) (OR=3.1, CL:
2.6, 3.7), Body mass index (BMI) (OR = 1.5, CI: 1.3, 1.8 for BMI
25to < 30,and OR=1.6, CI: 1.3, 2.0 for BMI > 30), increased
waist circumference (OR=1.2, CI: 1.1,1.4), hypertension (OR
=1.2,Cl:11,1.4),and dyslipidemia (OR =13, CI: 1.1, 1.5) (1).

Another unpublished study aimed to estimate the
prevalence of CKD through a cross-sectional studyin a pop-
ulation selected from the Tehran lipid and glucose study
(phase II) by calculating GFR using CKD-EPI and MDRD
equations separately. Data of a population of 8602 partici-
pants (43.2% male)were analyzed. The population was con-
sisted of relatively young individuals whose mean (= stan-
dard deviation (SD)) age was 43.89(= 15.36) years with me-
dian and interquartile rage (IQ) (25 - 75) of 42 and (32 - 55)
years, respectively. Prevalence of CKD, defined by MDRD-
based eGFR was 10.1% ( CI: 9.5, 10.7), whereas the age ad-

justed prevalence of CKD was 11.3% (CI: 10.7, 12.0). Preva-
lence of CKD, defined by EPI-based eGFR was 9.3 % (CI: 8.7,
9.9); while age adjusted prevalence of CKD was 8.5% (CI: 7.9,
9.1). Prevalence of CKD employing both equations was esti-
mated to be higher in women than men. It was remarkable
that the CKD-EPI equation determined CKD prevalence to
be higher in men but lower in women. Using both equa-
tions, prevalence of CKD increased with age and was high-
est in those aged > 70 years (Figure 1). In multiple logis-
tic regression analysis, the multivariate-adjusted ORs for
dyslipidemia, older age, female gender and hypertension
were statistically significant with presence of CKD, by both
equations; ORs of diabetes mellitus, smoking and abdom-
inal obesity were not statistically significant in any of the
CKD populations. In addition, OR of BMI > 25 was sta-
tistically significant in EPI-based CKD whereas it did not
reach statistical significance in CKD population based on
the MDRD equation.

3.2. Incidence

Using the MDRD equation, Tohidi et al. found that dur-
ing a mean follow up of 9.9 years, the incidence density
rates of CKD were 285.3 per 10000 person-years in women
and 132.6 per 10000 person-years men. Female gender was
linked with increased risk of developing CKD. Independent
predictors for CKD in women comprised of age, being sin-
gle or divorced/widowed, known diabetes, hypertension
(marginally significant), current smoking and eGFR; con-
versely, education (intermediate degree) and family his-
tory of diabetes lowered the risk about 40% (P < 0.05).
For men, risk factors of CKD comprised of age, hyperten-
sion (P for interaction comparing with women < 0.05),
eGFR, newly diagnosed diabetes and high normal blood
pressure. On the other hand, the risk of CKD was lowered
by abdominal obesity about 30% (marginally significant).
In Iran, more than 2% of population develop CKD annually

(6).

3.3. Risk Factors

To evaluate the effect of body mass index, waist cir-
cumference (WC) and waist-to-hip ratio (WHR) on devel-
oping CKD in adults, a study by Noori et al. examined
a representative sample of 3107 CKD-free subjects includ-
ing (1309 men), aged > 20 years, and followed them for
7 years. Results showed that during follow-up, 419 partic-
ipants (13.5%) developed CKD. After multivariable adjust-
ment for a number of variables including age, sex, smok-
ing, menopause, blood pressure, prevalentand incident di-
abetes, and change in WC, waist circumference was posi-
tively associated with risk of CKD. On the other hand, the
WHR was not an independent risk factor of CKD. Interest-
ingly, baseline waist categories affected the rate of decline

Int ] Endocrinol Metab. 2018;16(4 (Suppl)):e84761.


http://endometabol.com

Eftekharzadeh A et al.

80

70

60

50

40

CKD Prevalence, %

30

20

TR

awaa
“ah)
Sy

R AN AR AR AR
60-60 [REnanaiiAR AR AR R S S SR e et

R R R R R R A R R R A R AR RN ASRAACRARSARIR SRR

%CKD by MDRD

W %CKD by CKD-EPI

R R A R R R R AR AR

N N NN NN NN A

. .
10 Z §| g;' % .
Z 7 7 Z Z
Z 7 7 Z ) 7
A1 1
A 1 ﬁ
2AAN ™" ’
o = A Y A Vs A B 7
Male Female All
Age Groups (years)

Figure 1. Chronic kidney disease (CKD) prevalence in different sex and age groups. Error bars denote 95% confidenceinterval. Abbreviations: MDRD, modification of diet in

renal disease; CKD-EPI, CKD epidemiology collaboration.

in eGFR: Regression coefficient for 1SD increase in WC was
equal to-0.18 (ClI:-0.28,-0.07). Accordingly, baseline WC was
proved to be a better predictor of CKD than WHR (P < 0.05)
or BMI (P < 0.05). The investigators concluded that com-
paring to WHR and BMI, waist circumference per se, was a
more crucial determining factor of CKD risk in adults (7).

The relationship between chronic kidney disease and

anthropometric measurements has been examined by sev-
eral investigations, but the association between changes
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in waist circumference and incidence of CKD needs more
clarification. Inastudy by Barzin etal., the effect of changes
in WC on developing CKD was assessed in three conse-
quent phases. Acohort of 8,183 CKD-free participants (46.5%
men), mean age 47.4 years, were followed for 9 years. Four
groups of waist changes were described: (I) Decrease in
WG; (II) reference group; (III) mild to moderate increase
in WC and (IV) severe increase in WC. Overall, mean MDRD
based eGFR was higher in male participants (77.1 vs. 74.4
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mL/min/1.73 m? in women, P< 0.001). A total of 1477 partic-
ipants (1026 women) developed CKD during the follow-up.
Their results showed that in women, changes in WC were
not correlated with CKD incidence. In men, decrease in WC
was not correlated with decreased CKD incidence (Hazard
ratio (HR)=0.90, CI: 0.6, 1.4), however, group IIl was associ-
ated witha70% augmented risk of CKD (HR=1.6, Cl:1.2,2.2).
Category IV also, was linked to a fourfold risk of CKD (HR
=3.7, CI: 2.7, 5.1). The authors concluded that WC changes
were not independent determinants for CKD occurrence in
women. In men however, waist gain negatively affected the
CKD incidence (8).

To explore the association of metabolic syndrome (MS)
and risk for CKD occurrence independent of diabetes,
Rashidi et al. studied a cohort of 4607 diabetes/CKD- free
adults (age> 18 years)in the context of the Tehran lipid and
glucose study. Their results showed that 1010 (21.9%) par-
ticipants had MS at baseline. During the follow-up of 3590
individuals, CKD occurred in 3.4% (n =38) of the MS group
and 2.0% (n = 73) of the non-MS group (OR =1.88, CI: 1.26,
2.8). Excluding participants who had hypertension at base-
line (n =798), 406 individuals (10.7%) fulfilled the MS crite-
ria. CKD developed in 62 (1.82%) subjects in the metabolic
syndrome group and 8 (1.98%) in the non-MS group (OR =
0.925, CI: 0.446, 1.917; P = 0.844). These findings proposed
that metabolic syndrome, as a constellation of risk factors,
was a significant predictor for CKD. However, hypertension
significantly affected this relationship (9).

In another study, Derakhshan et al. evaluated the ef-
fect of various combinations of blood pressure status and
glucose tolerance on the occurrence of chronic kidney dis-
ease, type 2 diabetes mellitus (T2DM) and hypertension.
They included 12808 Iranian adults in 3 separate analyses
to examine the incidence of each above mentioned dis-
ease. Multivariate Cox proportional hazard models were
employed for the analyses. During follow-up (median >
10 years), the incidence rate for CKD was 24.8 per 1000
person-years. Every category that comprised of hyperten-
sion (HTN) and/or T2DM possessed significant risk of devel-
oping CKD. However, the pre-diabetes/HTN group showed
a slightly significant risk (HR =1.19; CI: 0.98,1.43, P = 0.06)
(10).

In another study, Ramezankhani et al., analyzed the
correlation between CKD and hypertriglyceridemic waist
(HW) and waist-to height ratio (HWHtR) phenotypes. The
median follow-up was 12.4 years. A total of 12,012 par-
ticipants in the TLGS phases 1 and 2 were analyzed. For
prospective analysis, the data of 8225 individuals (45%
men) were included. Outcome was defined as develop-
ment of CKD (eGFR < 60 mL/min/1.73 m (2). The HW pheno-
type was described as waist circumference (WC)> 90 cm in
men and > 85cm in women, in the presence of triglyceride

(TG) > 2.0 mmol/L. The HWH(R phenotype was identified
as waist-to-height ratio (WHtR) > 0.5 and TGs > 2 mmol/L.
In cross sectional analysis, both the HW and HWH(R phe-
notypes were linked with CKD in women ((adjusted OR
=137, CI: 1.01, 1.86, P < 0.05) and (adjusted OR = 1.58, CI:
1.03, 2.41, P < 0.05)), correspondingly. Conversely in men,
while in non-adjusted and age-adjusted models both phe-
notypes were correlated with CKD, the associations were
lost in fully adjusted models. In prospective analysis, nei-
ther of the phenotypes were significant risk factors of de-
veloping CKD. The investigators concluded that while in a
cross-sectional setting, HW and HWHtR phenotypes were
correlated with prevalent CKD, in prospective analysis, HW
and HWHtR did not significantly predict CKD (11).

To determine the effect of various obesity phenotypes
on the CKD incidence in adults, in a prospective study, Mot-
taghi et al. observed that rates of CKD-free MHO (metaboli-
cally obese but healthy) and MONW (metabolically healthy
normal weight) obesity phenotypes were 75.3% and 60.6%,
correspondingly (P < 0.0001). In model 1 (adjusted for
age and sex) hazard ratios of developing CKD in MHO or
MONW obesity phenotypes were 1.14 ( CI: 0.91,1.43) and 1.43
( CI: 1.09, 1.88), respectively. In model 2 (comprising of fur-
ther adjustment for confounders) hazard ratios of CKD in-
cidence in MHO or MONW obesity phenotypes were 1.23
(CI: 0.93,1.62) and 1.43 (CI: .08, 1.90), correspondingly. The
authors concluded that comparing with people with the
MHO obesity phenotype, risk of incident CKD was higher
in adults with the MONW obesity phenotype (12).

In a recent longitudinal study aiming to evaluate the
risk of incident CKD in adults with abdominal obesity, par-
ticipants aged > 20 years from TLGS phase Il were enrolled.
Abdominal obesity was defined as waist circumference >
89 cm in men and > 91 cm in women. Metabolic health
was defined as having < 1 component of metabolic syn-
drome, employing the joint interim statement (JIS) defi-
nition of metabolic syndrome. The study observed that
from among 6597 individuals who entered the study, 1529
participants were affected by CKD after 10 years of follow
up. Multivariate regression models demonstrated that,
compared to metabolically healthy non-abdominal obese
participants, men with the metabolically unhealthy non-
abdominal obese phenotype had a slightly significant risk
of developing CKD (HR =138, CI: 0.96,1.96, P = 0.08). How-
ever no statistically significant difference was observed for
metabolically healthy abdominal obese phenotype (Un-
published data).

3.4. CKD and CVD

Population based studies have revealed inconsistent
findings concerning the association between CKD and
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CVD. To ascertain this association, the investigators ex-
amined the risk of CVD events in a sizable group of par-
ticipants in the TLGS. A total of 6,209 CVD-free partici-
pants (mean age, 47.4 years) were followed up for 9.1 years.
Among them, 22.2% (n=1381) had MDRD based (eGFR < 60
mL/min per 1.73 m?) at baseline. Ninety nine percent of
them were in stage 3a. After adjustment for age and sex,
the results showed that moderate renal insufficiency inde-
pendently predicted CVD outcomes. However, its statisti-
cal significance was lost (HR = 1.14, CI: 0.91, 1.42) after fur-
ther adjustment. Moreover, after categorizing the partici-
pants according to CKD status and BMI groups, no signifi-
cant association was observed after further adjustment (P
= 0.2). This study concluded that CKD did not indepen-
dently predicted events. The increased prevalence of CVD
in subjects with mild to moderate renal insufficiency in the
TLGS population might have been due to the presence of
other known CVD risk factors in this group (13).

Another prospective cohort with longer follow up du-
ration was conducted to investigate the independent role
of CKD in predicting CVD events. In this population-based
cohort the CKD-EPI equation was used to estimate GFR and
define CKDs. For this study, phase II of the TLGS study was
selected for baseline measurements. CKD was defined as
eGFR < 60 mL/min per 1.73 m?. Of a total of 6185 partici-
pants with a median (IQ 25 - 75) follow-up of 10.2 (9.1-11.2)
years, 3510 (56.8%) were women and 597 (9.7%) were diag-
nosed with CKD. The authors found that CKD was associ-
ated with future cardiovascular disease (CVD), especially in
patients aged > 55 years. This association was indepen-
dent of well-known traditional CVD risk factors, i.e. hy-
pertension, diabetes mellitus, hyperlipidemia, abdominal
obesity, cigarette smoking, and family history of CVD. Fur-
thermore, they reached a cutoff of 62 mL/min per 1.73 m?
for future CVD events in their population (Unpublished
data).

It has been reported that there are some interactions
between CKD and other metabolic disorders including
metabolic syndrome and obesity regarding coronary heart
disease (CHD) outcomes; to address these interactions,
Panahi et al. followed a total of 2823 men and 3684 women,
aged > 30 years, without cardiovascular disease for 10
years. Multivariable adjusted hazard ratios of CHD were es-
timated for those who developed CKD, MS or both by sex
and body mass index levels (below and above 27 kg/m?). In
addition, interaction terms of CKD and MS and also CKD-
MS components were assessed. Employing Cox propor-
tional hazard models showed that chronic kidney disease
without MS, had a significant effect on CHD only in partici-
pants with low body mass index (HR=2.06; CI:1.28,3.31and
HR = 2.56; CI: 1.04 - 6.31 in men and women, respectively).
In this subgroup, the combined effect of CKD and MS de-
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creased to one-third of their multiplicative effect, showing
that there was a negative interaction between CKD, MS, and
obesity. Moreover, the same effect was spotted between
CKD and hypertension in both sexes and CKD and type 2
diabetes mellitus in the men. The authors concluded that
CKD independently predicted CHD only in non-obese indi-
viduals; however, its risk was vanished when joined to MS
(14).

To examine the possible risk factors of stroke and
their population attributable fraction (PAF), Fahimfar et
al. designed a cohort study including 1089 men and 1289
women. The mean (SD) age for men and women was 61.1
(7.6)and 59.0 (6.7) years, respectively. Participants were fol-
lowed for 9.3 years. To estimate the hazard ratio of each
risk factor for stroke events Cox regression analysis with
stepwise method was employed. A multivariate adjusted
population attributable fraction (PAF) was calculated for
any risk factors remaining in the model. During follow-up,
stroke incidence rates was 4.5 ( Cl: 3.3, 6.0) and 2.5 (CI: 1.7,
3.6)in 1000 person-years for men and women respectively.
The results showed that age > 65 years (HR=2.03, CI: 1.24,
3.31), male gender (HR = 2.00, CI: 1.16, 3.43), hypertension
(HR = 3.03, CI: 1.76, 5.22), diabetes mellitus (HR = 2.18, CI:
134, 3.56), and chronic kidney disease (CKD) (HR = 2.01, CI:
1.22,3.33) independently predicted stroke events. They ob-
served that hazard ratio of CKD did not differ from other
independent risk factors as proved by paired homogene-
ity test. The PAFs were 29.7% and 25% for male gender and
age > 65 years and 48.6%, 29.1% and 22.0% for hyperten-
sion, CKD and diabetes, correspondingly. The authors con-
cluded that among modifiable predictors, CKD as well as
hypertension and diabetes are the strongest independent
predictors of stroke (15).

Rashidi et al. in another investigation, tried to de-
termine whether chronic kidney disease and diabetes
mellitus- independent of hypertension- had similar preva-
lence of ECG abnormalities. Data for 5942 men and women
aged 30 to 69 years in the TLGS were collected. Minnesota
ECG coding criteria were employed for coding ECG find-
ings. The authors implemented the Whitehall criteria for
abnormal ECG findings. Creatinine clearance (CrCl) was es-
timated using the Cockroft-Gault equation. Comparison
was made between DM free subjects with moderate CKD
and CKD free patients with DM. HIN prevalence was com-
parable in both groups. The findings showed that despite
a similar prevalence of smoking, and a lower incidence of
dyslipidemia and HTN, more than 19% of patients with CKD
showed abnormal ECG findings, while prevalence of ab-
normal ECGs in diabetic patients were 14.7% (P =0.02). The
prevalence of Q waves was 11.5% in patients with CKD and
10.8% in patients with DM. In an age-matched subgroup of
CKD-free diabetic patients, the prevalence of ECG abnor-
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malities was comparable to that of DM-free patients with
moderate CKD (19.3% vs 19.7%, P = 0.9). This study con-
cluded that moderate CKD is a key predictor for develop-
ment of ECG abnormalities and hence, is linked with is-
chemic heart disease. The significance of CKD as a predic-
tor of ECG abnormalities is similar to diabetes mellitus.
Patients with moderate CKD are potential candidates for
meticulous CHD risk reduction (16).

4. Conclusions

In this review, we examined the TLGS-based studies
that have assessed different aspects of CKD during the last
two decades. The topics addressed by reviewed studies in-
cluded prevalence and incidence of CKD, effect of obesity
and its different phenotypes, WC and its changes as well as
metabolic syndrome and its components on CKD. Also role
of CKD in developing CVD, metabolic syndrome and stroke
and ECG abnormalities in CKD were examined.

One important strength of aforementioned studies is
the fact that they examined sizable number of individuals
in the context of a population based study (TLGS). However,
their limitations merit further comment. Regarding CKD
prevalence and incidence, in one study authors had not ob-
tained data on urinary albumin and protein. Therefore in
this population, the prevalence of stages I and Il CKD could
not be estimated. Also a single creatinine measurement
was accepted for estimating eGFR; therefore one cannot as-
certain the persistence of CKD for at least 3 months. Fur-
thermore, serum creatinine measurements were not cali-
brated to the Cleveland Clinic; Also the MDRD eGFR equa-
tion was not validated in the local population, which could
have caused an overestimation in the prevalence of CKD.
Considering the association between obesity for CKD, a
study pointed out probable misclassification of CKD due to
using eGFR and the possible effect of greater muscle mass
in individuals with higher BMI. Another study mentioned
the overall young study population as its limitation for as-
sessing the relationship between metabolic syndrome and
CKD. And last but not least, studying the risk factors for
ischemic stroke, one study listed different types of pub-
lic and private healthcare systems as a barrier to detect all
cerebrovascular events in district 13 of Tehran.

Results of the reviewed studies showed that age ad-
justed prevalence of MDRD-based and EPI-based CKD, were
11.3% (CI:10.7,12.0) and 8.5% (CI: 7.9, 9.1), respectively. Over a
mean follow up of 9.9 years, the incidence density rates of
MDRD based-CKD were 285.3 and 132.6 per 10000 person-
year, among women and men, correspondingly. Assessing
risk factors of CKD, studies conducted on the TLGS popu-
lation documented that abdominal adiposity defined as
waist circumference (WC) categories (P for trend < 0.02)

and waist gain in men (HR =17, CI: 1.3, 2.2), significantly af-
fected development of CKD. With regard to the association
between CKD and cardiovascular diseases, it was shown
that CKD had a significant effect on coronary heart disease
(CHD) only in participants with low body mass index (HR
=2.06; CI: 1.28, 3.31 in the men and HR = 2.56; CI: 1.04, 6.31
in the women). Moreover, it was reported that, CKD was
amongst the strongest independent predictors of stroke
(HR:2.01,CI:1.22-3.33). Also, compared to diabetic patients,
moderate CKD was a main risk factor for the development
of the abnormal ECG (P =0.02).

In conclusion, the reviewed studies showed that in the
TLGS population, increased waist circumference and waist
gain (only in men) were associated with CKD development
which was also an independent predictor of CHD (in lean
individuals) and stroke.

Acknowledgments

The authors wish to acknowledge Ms Niloofar Shiva
for critical editing of English grammar and syntax of the
manuscript.

References

1. Hosseinpanah F, Kasraei F, Nassiri AA, Azizi F. High prevalence of
chronic kidney disease in Iran: A large population-based study.
BMC Public Health. 2009;9:44. doi: 10.1186/1471-2458-9-44. [PubMed:
19183493]. [PubMed Central: PMC2658666].

2. National Kidney Foundation. K/DOQI clinical practice guidelines for
chronic kidney disease: Evaluation, classification, and stratification.
Am ] Kidney Dis. 2002;39(2 Suppl 1):S1-266. [PubMed: 11904577].

3. Kestenbaum B, Rudser KD, Shlipak MG, Fried LF, Newman AB, Katz R, et
al. Kidney function, electrocardiographic findings, and cardiovascu-
lar events among older adults. Clin ] Am Soc Nephrol. 2007;2(3):501-8.
doi: 10.2215/CJN.04231206. [PubMed: 17699457).

4. Kilbride HS, Stevens PE, Eaglestone G, Knight S, Carter ]L, Delaney MP,
et al. Accuracy of the MDRD (modification of diet in renal disease)
study and CKD-EPI (CKD epidemiology collaboration) equations for
estimation of GFRin the elderly. Am ] Kidney Dis. 2013;61(1):57-66. doi:
10.1053(j.2jkd.2012.06.016. [PubMed: 22889713].

5. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI,
et al. A new equation to estimate glomerular filtration rate. Ann In-
tern Med. 2009;150(9):604-12. [PubMed: 19414839]. [PubMed Central:
PMC2763564].

6. Tohidi M, Hasheminia M, Mohebi R, Khalili D, Hosseinpanah F, Yaz-
dani B, et al. Incidence of chronic kidney disease and its risk fac-
tors, results of over 10 year follow up in an Iranian cohort. PLoS
One. 2012;7(9). e45304. doi: 10.1371/journal.pone.0045304. [PubMed:
23028919]. [PubMed Central: PMC3459968].

7. Noori N, Hosseinpanah F, Nasiri AA, Azizi F. Comparison of over-
all obesity and abdominal adiposity in predicting chronic kidney
disease incidence among adults. | Ren Nutr. 2009;19(3):228-37. doi:
10.1053/j.jrn.2008.11.005. [PubMed: 19261489].

8. Barzin M, Hosseinpanah F, Serahati S, Salehpour M, Nassiri AA, Azizi F.
Changes in waist circumference and incidence of chronic kidney dis-
ease. Eur ] Clin Invest. 2014;44(5):470-6. doi: 10.1111/eci.12253. [PubMed:
24580088].

Int ] Endocrinol Metab. 2018;16(4 (Suppl)):e84761.


http://dx.doi.org/10.1186/1471-2458-9-44
http://www.ncbi.nlm.nih.gov/pubmed/19183493
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2658666
http://www.ncbi.nlm.nih.gov/pubmed/11904577
http://dx.doi.org/10.2215/CJN.04231206
http://www.ncbi.nlm.nih.gov/pubmed/17699457
http://dx.doi.org/10.1053/j.ajkd.2012.06.016
http://www.ncbi.nlm.nih.gov/pubmed/22889713
http://www.ncbi.nlm.nih.gov/pubmed/19414839
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2763564
http://dx.doi.org/10.1371/journal.pone.0045304
http://www.ncbi.nlm.nih.gov/pubmed/23028919
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3459968
http://dx.doi.org/10.1053/j.jrn.2008.11.005
http://www.ncbi.nlm.nih.gov/pubmed/19261489
http://dx.doi.org/10.1111/eci.12253
http://www.ncbi.nlm.nih.gov/pubmed/24580088
http://endometabol.com

Eftekharzadeh A et al.

10.

1.

Rashidi A, Ghanbarian A, Azizi F. Are patients who have metabolic
syndrome without diabetes at risk for developing chronic kidney
disease? Evidence based on data from a large cohort screen-
ing population. Clin | Am Soc Nephrol. 2007;2(5):976-83. doi:
10.2215/CJN.01020207. [PubMed: 17702729].

Derakhshan A, Bagherzadeh-Khiabani F, Arshi B, Ramezankhani
A, Azizi F, Hadaegh F. Different combinations of glucose toler-
ance and blood pressure status and incident diabetes, hyper-
tension, and chronic kidney disease. | Am Heart Assoc. 2016;5(8).
doi: 10.1161/JAHA.116.003917. [PubMed: 27543801]. [PubMed Central:
PMC5015306.

Ramezankhani A, Azizi F, Ghanbarian A, Parizadeh D, Hadaegh F.
The hypertriglyceridemic waist and waist-to-height ratio pheno-
types and chronic kidney disease: Cross-sectional and prospec-
tive investigations. Obes Res Clin Pract. 2017;11(5):585-96. doi:
10.1016/j.0rcp.2016.11.003. [PubMed: 27889358].

Mottaghi A, Mirmiran P, Delshad H, Azizi F. Effect of differ-
ent obesity phenotypes on incidence of chronic kidney dis-
ease in Tehranian adults. ] Am Coll Nutr. 2016;35(7):587-96. doi:

Int ] Endocrinol Metab. 2018; 16(4 (Suppl)):e84761.

13.

15.

10.1080/07315724.2015.1046195. [PubMed: 26650689].

Hosseinpanah F, Barzin M, Golkashani HA, Nassiri AA, Sheikholeslami
F, Azizi F. Association between moderate renal insufficiency and car-
diovascular events in a general population: Tehran lipid and glucose
study. BMC Nephrol. 2012;13:59. doi: 10.1186/1471-2369-13-59. [PubMed:
22799559]. [PubMed Central: PMC3413571].

. Panahi MH, Hadaegh F, Yavari P, Kazempour-Ardebili S, Mehrabi Y, Az-

izi F, et al. A Challenging interaction of chronic kidney disease with
other metabolic disorders: Paradoxes in cardiometabolic risk factors.
Iran ] Kidney Dis. 2016;10(5):274-81. [PubMed: 27721225].

Fahimfar N, Khalili D, Mohebi R, Azizi F, Hadaegh F. Risk factors for
ischemic stroke; results from 9 years of follow-up in a population
based cohort of Iran. BMC Neurol. 2012;12:117. doi: 10.1186/1471-2377-12-
117. [PubMed: 23031547]. [PubMed Central: PMC3517457].

. Rashidi A, Ghanbarian A, Azizi F, Adler DS. Is chronic kidney disease

comparable to diabetes as a coronary artery disease risk factor? South
Med J. 2007;100(1):20-6. doi: 10.1097/01.smj.0000235482.22558.a5.
[PubMed: 17269521].


http://dx.doi.org/10.2215/CJN.01020207
http://www.ncbi.nlm.nih.gov/pubmed/17702729
http://dx.doi.org/10.1161/JAHA.116.003917
http://www.ncbi.nlm.nih.gov/pubmed/27543801
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5015306
http://dx.doi.org/10.1016/j.orcp.2016.11.003
http://www.ncbi.nlm.nih.gov/pubmed/27889358
http://dx.doi.org/10.1080/07315724.2015.1046195
http://www.ncbi.nlm.nih.gov/pubmed/26650689
http://dx.doi.org/10.1186/1471-2369-13-59
http://www.ncbi.nlm.nih.gov/pubmed/22799559
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3413571
http://www.ncbi.nlm.nih.gov/pubmed/27721225
http://dx.doi.org/10.1186/1471-2377-12-117
http://dx.doi.org/10.1186/1471-2377-12-117
http://www.ncbi.nlm.nih.gov/pubmed/23031547
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3517457
http://dx.doi.org/10.1097/01.smj.0000235482.22558.a5
http://www.ncbi.nlm.nih.gov/pubmed/17269521
http://endometabol.com

	Abstract
	1. Context
	2. Evidence Acquisition
	2.1. Definitions and Classification of CKD

	3. Results
	3.1. Prevalence
	Figure 1

	3.2. Incidence
	3.3. Risk Factors
	3.4. CKD and CVD

	4. Conclusions
	Acknowledgments
	References

