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Abstract

Background: Body Mass Index (BMI) as a marker of obesity is an established risk factor for chronic kidney disease (CKD) and
cardiovascular disease (CVD). However, BMI can overestimate obesity. Anthropomorphic measurements that include central
fat deposition are emerging as a more important risk factor. We studied BMI, waist circumference (WC), waist-to-height ratio
(WHtR), waist-to-hip ratio (WHR) and conicity index (CI) in a cohort of patients with CKD stage 3 and compared the
associations with other known risk factors for CKD progression and CVD.

Methods: 1740 patients with CKD stage 3 were recruited from primary care for the Renal Risk in Derby study. Each
participant underwent clinical assessment, including anthropomorphic measurements and pulse wave velocity (PWV), as
well as urine and serum biochemistry tests.

Results: The mean age of the cohort was 72.969 years with 60% females. The mean eGFR was 52.5610.4 ml/min/1.73 m2

and 16.9% of the cohort had diabetes. With the cohort divided into normal and increased risk of morbidity and mortality
using each anthropomorphic measurement, those measurements that included increased central fat distribution were
significantly associated with more risk factors for CKD progression and CVD than increased BMI. Univariable analysis
demonstrated central fat distribution was correlated with more risk factors than BMI. Subgroup analyses using recognised
BMI cut-offs to define obesity and quartiles of WHR and CI demonstrated that increasing central fat distribution was
significantly associated with more CKD and CVD risk factors than increasing BMI.

Conclusion: Anthropomorphic measurements that include a measure of central fat deposition are related to more key risk
factors in CKD stage 3 patients than BMI. Central fat deposition may be of greater importance as a risk factor in CKD than
BMI and reliance on BMI alone may therefore underestimate the associated risk.
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Introduction

Overweight and obesity, defined by body mass index (BMI;

kg/m2), are associated with increased risk of hypertension [1],

diabetes [2], malignancy [3] and mortality [4]. In addition, an

association between obesity and chronic kidney disease (CKD) has

been identified over the past 10 years. Several population-based,

observational studies showed obesity, defined by BMI, as an

independent risk factor in the development of CKD [5,6] and end

stage kidney disease (ESKD) [7]. In other studies overweight,

obesity and increased central fat distribution (as defined by waist-

to-hip ratio, WHR) have been associated with reduced estimated

glomerular filtration rate (eGFR) and microalbuminuria [8]. In

African Americans with hypertensive nephrosclerosis, BMI was

shown to be independently associated with urinary protein and

albumin excretion [9]. Recently, increasing waist circumference

(WC) categories were associated with an increased mortality risk in

a population with CKD stages1-4 [10]. The effect of obesity in

haemodialysis patients is more controversial with a number of

studies reporting a reduction in the relative risk of mortality with

increasing BMI [11] but the inclusion of a measure of central fat

deposition associates with an increased mortality risk [12,13].

Current UK CKD management guidelines recommend routine

BMI measurement but do not recommend assessment of central

fat distribution [14].

There is mounting evidence to suggest that BMI may not be the

ideal measure of obesity, especially when used to assess disease

risk. BMI is indiscriminate; including fat mass and muscle mass in
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its measurement [15]. Therefore, a person with increased muscle

mass, but normal fat mass, could have a raised BMI and be

wrongly defined as overweight or obese. BMI does not account for

the differing distributions of body fat between individuals or

populations [15]. Increased abdominal fat deposition is associated

with insulin resistance [15], is a stronger risk factor for morbidity

and mortality than peripheral fat deposition [16] and varies greatly

within a narrow BMI range [15].

A number of other methods for assessing obesity related

morbidity that include measures of abdominal fat deposition have

been proposed for assessing obesity related health risk. WC and

WHR are the most commonly used methods and are associated

with obesity-related morbidity and mortality [17]. Waist-to-height

ratio (WHtR) correlates well with CT assessment of intra-

abdominal fat [18] and one study found it to be more strongly

associated with cardiovascular disease (CVD) risk than WHR, WC

or BMI [19]. Conicity Index (CI) is a measure that includes

weight, height and WC; it demonstrates good association with

WHR [20] and at increasing levels has been associated with

increased mortality risk in a haemodialysis population [13].

To examine which method for assessing obesity-related health

risk may be the most appropriate in patients with CKD we studied

the relationship between a number of different anthropomorphic

measurements and established risk factors for CKD progression

and CVD in a community-based cohort with CKD stage 3.

Methods

Subjects and recruitment
A detailed description of the methods has been published

previously and is summarised here with emphasis on the

anthropomorphic variables studied [21,22]. The Renal Risk In

Derby (RRID) study was conducted from a single Nephrology

Department. Subjects were directly recruited from community

medical care practices. Study visits were conducted at participat-

ing community medical centres by the researchers. Eligible

participants were adult, met the KDOQI criteria for CKD stage

3 (eGFR 30–59 mL/min/1.73 m2 on 2 or more occasions at least

3 months apart prior to recruitment), able to give informed

consent and attend their GP surgery for assessments by the

researchers. People who had previously had a solid organ

transplant or were terminally ill (expected survival ,1 year) were

excluded.

Data collection
We combined screening and baseline visits due to the logistical

challenges associated with conducting study visits in multiple

primary care centres and the large proportion of elderly

participants. Each participant was sent a medical and dietary

questionnaire and 3 urine specimen bottles. They were requested

not to eat cooked meat for at least 12 hours prior to the assessment

[23].

At the assessment anthropomorphic measurements were taken

(height, weight, WC and hip circumference, HC). Blood specimens

were taken and with urine specimens were submitted for

biochemical analysis. Blood pressure (BP) and pulse wave velocity

(PWV) were also measured. Diabetes was defined by having a

previous clinical diagnosis in line with WHO criteria [24].

Anthropomorphic Measurements
Weight and height measurements were taken at assessment. WC

was measured as per WHO guidelines; at the mid-point between

the lower border of the rib cage and the iliac crest. HC was

measured at the widest point of the hips and the maximal

protrusion of the gluteal muscles [17].

BMI was computed as weight (in kilograms) divided by the

square of the height (in metres). WHR ratio was computed as the

ratio of WC to HC. WHtR was computed as the ratio of WC to

height. CI was calculated using the following formula:

CI~WC= 0:109HWeight=Height
� �

[20] Overweight was defined as a BMI $25–29.9 kg/m2 and

obesity defined as a BMI $30 kg/m2. Central fat distribution was

defined as a WHR of $0.9 for men or $0.85 for women; a WC of

.94 cm for Europid males, .90 cm for Asian/Chinese/Japanese

males and .80 cm for all females; a WHtR of .0.5 for males and

females [17].

Blood pressure
BP was measured after a minimum of five minutes rest in the

sitting position, using an oscillometric device, recommended by

the British Hypertension Society. The same device was used for all

readings. BP was calculated as the mean of three readings that

differed by ,10% [25].

Pulse wave velocity
PWV was measured as a marker of arterial stiffness, a critical

determinant of cardiovascular outcomes in CKD [26,27].

Measurements were performed using a VicorderTM device

(Skidmore Medical Ltd, Bristol, UK) between carotid and femoral

arteries.

Albuminuria
Albuminuria was assessed by measuring the urine albumin to

creatinine ratio (UACR) on three consecutive early morning urine

specimens collected prior to the clinic visit and stored in a

refrigerator [23].

Estimation of glomerular filtration rate
Biochemical assessments were performed by autoanalyser in a

single laboratory. The creatinine assay has been standardised

against an isotope dilution mass spectrometry (IDMS) method.

The modified 4-variable MDRD equation was used to estimate

GFR.

Ethics
The study was approved by the Nottingham Research Ethics

Committee 1 and abides by the principles of the Declaration of

Helsinki. All participants provided written consent. The study was

included on the National Institute for Health Research (NIHR)

Clinical Research Portfolio (NIHR Study ID:6632) and was

independently audited by QED Clinical Services in November

2009.

Statistical Analysis
Variables are reported as the mean and standard deviation (SD)

if normally distributed or the median and inter-quartile range

(IQR) if not. A t-test was used to compare groups where variables

were normally distributed and a Mann-Whitney test used if not.

Univariable linear regression analysis was used to evaluate

independent associations between anthropomorphic variables

(independent variables) and risk factors for CKD progression or

CVD (eGFR, Log UACR, PWV and serum uric acid used as

dependent variables). SPSS version 16.0 was used for analysis and

p,0.05 was considered statistically significant.

Anthropomorphic Measurements in CKD Stage 3
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Results

Overall 22% of the approximately 8,280 potential participants

invited agreed to be included in the study. A total of 1822 subjects

were enrolled between July 2008 and March 2010, 81 were

excluded because they did not meet the inclusion criteria despite

being on a CKD register at their GP practice; 1 further patient

was excluded due to incomplete anthropomorphic data. Thus a

total of 1740 participants were included in this analysis.

Baseline data are shown in Table 1. The mean weight was

78.2615.5 kg and mean BMI 2965.1 kg/m2. Forty two percent

of the cohort were classified overweight (BMI $25–29.9 kg/m2)

and 37% classified obese (BMI $30 kg/m2). Seventy three percent

of the cohort had increased central fat distribution as defined by

WHR ($0.9 for men or $0.85 for women) [17].

The cohort was divided into overweight or obese and non-

overweight defined by BMI, or normal risk and increased risk of

metabolic complications, defined by WC, WHtR and WHR. CI

was excluded from this analysis as currently no agreed cut-off for

increased risk exists in the literature. Increased BMI and WC were

associated with only a minority of risk factors for CKD progression

and CVD but WHtR and WHR were each associated with

multiple factors (Table 2).

Univariable analyses were performed between continuous

anthropomorphic measurements and risk factors associated with

CKD progression and CVD. Increasing BMI, WC and WHtR

were significantly correlated with a minority of risk factors whereas

WHR and CI were significantly correlated with multiple risk

factors (Table 3).

The cohort was then divided into subgroups using recognised

BMI cutoffs (#24.9; 25–29.9; 30–39.9; $40), WHR quartiles and

CI quartiles. Increasing BMI was associated with a significant

increase in serum uric acid concentration whereas PWV decreased

with increasing BMI (Table 4). In contrast WHR and CI were

comparably associated with a significant change in multiple risk

factors (Tables 5 and 6).

The analysis was repeated with diabetic subjects excluded and

all associations observed in the whole cohort were reproduced

(data not shown). Further subgroup analyses were performed with

the cohort divided into age ,75 yrs; age $75years and CKD

stage 3a (eGFR: 60-46 mL/min/1.73 m2) ; CKD stage 3b (eGFR:

45-30 mL/min/1.73 m2).

Patients aged $75 yrs had a significantly higher mean uric acid

(p,0.001), PWV(p,0.001), SBP(p,0.001), WHR (p = 0.007) and

CI(p,0.001) and a significantly lower mean eGFR(p,0.001) and

BMI (p,0.001) compared with those aged ,75 yrs. Comparisons

between normal and raised anthropomorphic measures, univari-

able analyses and comparisons between BMI subgroups and

WHR, CI quartiles were similar in both age groups to those of the

full cohort. The CKD3a results were similar to those of the full

cohort; unfortunately the CKD3b group was statistically under-

powered (n = 410) and produced no significant results (data not

shown).

Discussion

This study shows that anthropomorphic measurements that

include central fat distribution are associated with more estab-

lished risk factors for CKD progression and CVD than BMI.

On the basis of age, eGFR and albuminuria the RRID study

cohort is broadly representative of patients with CKD followed up

in primary care, in the UK [28]. A greater percentage of the

cohort was overweight and obese (defined by BMI) than would be

expected from general UK population data (79% with CKD stage

3 compared to 66% of men and 57% of women in the general

population) and this trend continued when comparing proportions

of obesity alone (37% with CKD stage 3 compared with 22% men

and 24% of women from the general population) [29].

When examining the relationship between anthropomorphic

cut-offs for increased risk and other risk factors, a raised WHR was

significantly associated with more risk factors than the other

measures. The association with increasing age is supported by

previous findings of increasing all-cause mortality in a cohort aged

$70 years with increasing WHR; a similar relationship was not

found with BMI [30]. This highlights another limitation of BMI

which tends to decrease in the elderly (as demonstrated with the

association of decreasing mean age as BMI groups increased in our

cohort – Table 4) as the decrease in BMI is a reflection of the loss

of skeletal muscle mass experienced with aging as opposed to loss

of fat mass [30].

A raised WHR was also significantly associated with a decreased

eGFR, increased UACR and serum uric acid. The association

with decreased eGFR agrees with previous findings reporting a

relationship between increasing WHR and diminishing glomerular

filtration [8] as well as incident CKD and mortality [31]. This

relationship with eGFR is important given that decreasing eGFR

is associated with an increased risk of CV and all-cause mortality

[32]. The association of increased WHR with the increased

UACR is significant given that UACR has been found to be a

stronger risk factor for progression of CKD than low baseline

eGFR [33] and increased UACR increases the risk of CV and all

cause mortality [32]. Mean serum uric acid levels, identified in

previous studies as an independent CV risk marker in subjects with

[34] and without CKD [35,36,37], were also increased in the

raised WHR group.

Univariable analyses demonstrated WHR and CI correlating

with more risk factors than any other anthropomorphic measure.

WC and WHtR were associated with similar, but fewer, risk

factors to WHR and CI and all include measures of central fat

deposition. Unexpectedly BMI was negatively correlated with

PWV, a surrogate marker of arterial stiffness. Increased arterial

Table 1. Baseline Data.

Cohort (n = 1740)

Age (years) 72.969

Female 1052(60.4)

SBP(mmHg) 134618

Diabetes 294(16.9)

eGFR (ml/min/1.73 m2) 52.5610.4

UACR (mg/mmol) 0.33[0–1.5]

Uric Acid (mmol/L) 384.2691.2

PWV (m/sec) 9.962.0

Weight (Kg) 78.2615.5

BMI (kg/m2) 2965.1

WC (cm) 97.6612.8

WHR 0.9160.09

WHtR 0.660.07

CI 1.360.09

Data are mean6SD, median [IQR] or number (%).
SBP = systolic blood pressure; eGFR = estimated glomerular filtration rate;
UACR = urine albumin to creatinine ratio; PWV = pulsewave velocity; BMI = body
mass index; WC = waist circumference; WHR = waist-to-hip ratio; WHtR = waist-
to-height ratio; CI = conicity index.
doi:10.1371/journal.pone.0034699.t001
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stiffness is emerging as a major risk factor for CV disease [38,39]

and has been identified as an independent risk factor for CV death

in the general population [40] as well as in subjects with CKD

[26,41]. This finding is therefore contrary to what we would

expect from the literature [26,42,43]. Our observation may be

explained by the fact that BMI decreased with increasing age in

our study population and age is a major determinant of increasing

PWV [44]. In contrast, WHR did not decrease with increasing

age, suggesting that it is a better marker of obesity in an elderly

population.

Dividing the cohort into subgroups using recognised BMI cut-

offs, WHR quartiles and CI quartiles demonstrated a significant

difference between the subgroups in more risk factors for CKD

progression and CV disease with WHR and CI quartiles than with

BMI subgroups.

Our data suggest an advantage to having a measurement of

central fat distribution when assessing risk of CKD progression

and CVD in a cohort with CKD stage 3 and we offer the following

explanation for this. A number of factors have been implicated in

the pathogenesis of obesity-related kidney disease, such as:

hyperfiltration, excess fatty acid accumulation in tissue (lipotoxi-

city), increased insulin resistance and alterations in circulating

adipokine levels [45]. Adipose tissue is a large endocrine organ

secreting a number of different adipokines. Obese subjects have a

different adipokine profile compared to lean subjects with obese

subjects having increased levels of pro-inflammatory adipokines

(PIAs). Obesity is therefore associated with low-grade inflamma-

tion [46] that has been proposed as a causative link between

obesity and its complications [47]. The mechanisms that provoke

increased secretion of PIAs await further elucidation. Hypoxic

conditions in animals and in-vitro in white adipose tissue are

associated with increased PIA secretion [46] and peri-operative

measurement of oxygen levels in abdominal adipose tissue showed

a decreased oxygen tension in obese subjects, when compared to

non-obese [48]. Therefore, increased tissue hypoxia observed with

increasing central fat distribution may be a driving factor

underlying obesity-related morbidity. It is only by measuring

central fat distribution that this effect can be taken into account.

Interestingly, as all anthropomorphic measures of obesity

increased, serum uric acid levels also rose significantly within the

cohort. An increased serum uric is associated with increased CV

risk [49]. It is raised in CKD and the metabolic syndrome [49].

Whether it is actually a risk factor for CKD progression and the

metabolic syndrome is yet to be proven, and the subject of ongoing

research [49].

Strengths of this study include confirmation of CKD stage 3 by

two eGFR values (often lacking in epidemiological studies), serum

creatinine measurements performed after a 12 hour meat fast and

samples assayed in a single laboratory using an assay standardised

to an IDMS method as well as urine chemistry repeated on three

consecutive early morning specimens to minimise the effect of

daily variation in low levels of albuminuria. We have therefore

established a robust baseline dataset that will allow detailed

analysis of the predictive value of differing anthropomorphic

measurements as potential risk factors when outcome data become

available.

Several limitations of this study need to be acknowledged.

Despite rigorous application of the entry criteria, some subjects

had an eGFR$60 mL/min/1.73 m2 at their first clinical visit.

Follow up will yield important data on the natural history and

associated risks of this subgroup. For ethical reasons we were

obliged to rely on eligible patients volunteering to participate and

this strategy may have introduced an element of bias, since those

more concerned about their health would be more likely to
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participate. As discussed, however, the RRID cohort is broadly

representative of patients followed up in Primary Care with CKD

stage 3, though it may not be representative of all such

populations. The cohort includes only a minority of subjects of

African or Asian origin as the population in Derbyshire is

predominantly Caucasian. Several studies have reported a high

prevalence of CKD and obesity in African and Asian populations

associated with a higher risk of CKD progression and our

observations may therefore not be directly applicable to these

ethnic groups.

Conclusion
Anthropomorphic measurements that include a measure of

central fat deposition are related to more key risk factors in CKD

stage 3 patients than BMI. Central fat deposition may be of greater

importance as a risk factor in CKD than BMI and reliance on

Table 3. Univariable analysis between continuous anthropomorphic measures and established risk factors for CKD progression or
cardiovascular events.

BMI WC WHtR WHR CI

Dependent Variable Beta Std.Error Beta Std.Error Beta Std.Error Beta Std.Error Beta Std.Error

eGFR (mL/min/1.73 m2)20.06 0.05 20.09* 0.02 213.70* 3.31 220.37* 2.77 216.89* 2.63

SBP(mmHg) 0.03 0.09 0.06 0.03 5.42 5.87 10.52# 4.96 9.61# 4.69

Log UACR 0.004 0.007 0.017* 0.003 2.015* 0.495 3.860* 0.411 3.100* 0.391

Uric acid (mmol/L) 3.48* 0.42 2.20* 0.16 295.74* 28.37 317.20* 23.58 257.92* 22.63

PWV (m/sec) 20.053* 0.01 0.001 0.004 20.776 0.652 2.776* 0.544 2.962* 0.513

*p,0.001;
#p,0.05.
All Coefficients reported are unstandardised.
eGFR = estimated glomerular filtration rate; SBP = systolic blood pressure; UACR = urine albumin to creatinine ratio; PWV = pulsewave velocity; BMI = body mass index;
WC = waist circumference; WHtR = waist-to-height ratio; WHR = waist-to-hip ratio; CI = conicity index.
doi:10.1371/journal.pone.0034699.t003

Table 4. Comparison between BMI subgroups and risk factors for CKD progression or cardiovascular events.

BMI (kg/m2)

,25 (n = 353) 25–29.9 (n = 738) 30–39.9 (n = 589) 40+ (n = 60) p

Age(yrs) 73.59610.0 73.7968.6 71.7168.7 68.868.5 ,0.001

SBP(mmHg) 132.7620.4 134.7617.6 133.8618.2 133.1615.6 0.352

eGFR (mL/min/1.73 m2) 52.6610.8 52.9610.4 52.1610.1 51.3610.3 0.459

UACR(mg/mmol) 0.3[0–1.8] 0.37[0–1.5] 0.33[0–1.4] 0.17[0–1.13] 0.102

Uric acid (mmol/L) 358.05686.2 379.75689.1 402.49690.5 412.826108.3 ,0.001

PWV(m/sec) 9.9962.0 10.1762.0 9.5961.9 8.8761.7 ,0.001

Data are mean6SD or median [IQR].
SBP = systolic blood pressure; eGFR = estimated glomerular filtration rate; UACR = urine albumin to creatinine ratio; PWV = pulsewave velocity; BMI = body mass index.
doi:10.1371/journal.pone.0034699.t004

Table 5. Comparison between WHR quartiles and risk factors for CKD progression or cardiovascular events.

WHR Quartiles

1st (n = 376) 2nd (n = 476) 3rd (n = 419) 4th (n = 469) p

Age(yrs) 71.43610.1 72.6468.8 73.3569.1 73.8168.2 0.001

SBP(mmHg) 132.2618.9 133.4618.6 135.7617.9 134.5617.8 0.049

eGFR (mL/min/1.73 m2) 54.03610.3 53.95610.7 52.51610.3 49.8069.7 ,0.001

UACR(mg/mmol) 0.17[0–0.87] 0.23[0–0.9] 0.42[0–1.7] 0.77[0.07–3.4] ,0.001

Uric acid(mmol/L) 346.09684.0 369.39687.7 398.21687.5 416.99689.4 ,0.001

PWV(m/sec) 9.6862.1 9.6362.0 10.1062.0 10.1662.0 ,0.001

Data are mean6SD or median [IQR].
SBP = systolic blood pressure; eGFR = estimated glomerular filtration rate; UACR = urine albumin to creatinine ratio; PWV = pulsewave velocity; WHR = waist-to-hip ratio.
doi:10.1371/journal.pone.0034699.t005
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BMI alone may therefore underestimate the associated risk. This

may be particularly important in elderly patients, in whom BMI

tends to decrease with age.

Long term follow up of this cohort will allow assessment of the

value of these anthropomorphic measurements to predict

outcomes and to identify high risk groups for possible intervention.

Further studies are required to investigate the efficacy of

interventions to reduce obesity related risks.

Acknowledgments

We gratefully acknowledge the support of participating GP surgeries (listed

in previous publications) as well as the invaluable assistance of: Mrs Diane

Taal, Ms Rani Uppal, Mrs Rebecca Packington, Mrs Maureen Franklin,

Mrs Sue Hodkinson, Mr Richard Turck and Mrs Paula Welch. We also

thank the participants for their time and commitment.

The results presented in this paper have not been published previously in

whole or in part, except in abstract form.

Author Contributions

Conceived and designed the experiments: NJM RJF CWM MWT.

Performed the experiments: NJM MWT. Analyzed the data: PDE NJM

MWT. Contributed reagents/materials/analysis tools: PDE NJM RJF

CWM MWT. Wrote the paper: PDE NJM RJF CWM MWT.

References

1. Wilson PW, D’Agostino RB, Sullivan L, Parise H, Kannel WB (2002)

Overweight and obesity as determinants of cardiovascular risk: the Framingham
experience. Arch Intern Med 162: 1867–1872.

2. Colditz GA, Willett WC, Rotnitzky A, Manson JE (1995) Weight gain as a risk

factor for clinical diabetes mellitus in women. Ann Intern Med 122: 481–486.

3. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ (2003) Overweight,

obesity, and mortality from cancer in a prospectively studied cohort of U.S.

adults. N Engl J Med 348: 1625–1638.

4. Adams KF, Schatzkin A, Harris TB, Kipnis V, Mouw T, et al. (2006)

Overweight, obesity, and mortality in a large prospective cohort of persons 50 to
71 years old. N Engl J Med 355: 763–778.

5. Fox CS, Larson MG, Leip EP, Culleton B, Wilson PW, et al. (2004) Predictors

of new-onset kidney disease in a community-based population. Jama 291:
844–850.

6. Ejerblad E, Fored CM, Lindblad P, Fryzek J, McLaughlin JK, et al. (2006)

Obesity and risk for chronic renal failure. J Am Soc Nephrol 17: 1695–1702.

7. Hsu CY, McCulloch CE, Iribarren C, Darbinian J, Go AS (2006) Body

mass index and risk for end-stage renal disease. Ann Intern Med 144:

21–28.

8. Pinto-Sietsma SJ, Navis G, Janssen WM, de Zeeuw D, Gans RO, et al. (2003) A

central body fat distribution is related to renal function impairment, even in lean
subjects. Am J Kidney Dis 41: 733–741.

9. Toto RD, Greene T, Hebert LA, Hiremath L, Lea JP, et al. (2010) Relationship

between body mass index and proteinuria in hypertensive nephrosclerosis:
results from the African American Study of Kidney Disease and Hypertension

(AASK) cohort. Am J Kidney Dis 56: 896–906.

10. Kramer H, Shoham D, McClure LA, Durazo-Arvizu R, Howard G, et al. (2011)
Association of waist circumference and body mass index with all-cause mortality

in CKD: The REGARDS (Reasons for Geographic and Racial Differences in

Stroke) Study. Am J Kidney Dis 58: 177–185.

11. Salahudeen AK (2003) Obesity and survival on dialysis. Am J Kidney Dis 41:

925–932.

12. Postorino M, Marino C, Tripepi G, Zoccali C (2009) Abdominal obesity and all-

cause and cardiovascular mortality in end-stage renal disease. J Am Coll Cardiol

53: 1265–1272.

13. Cordeiro AC, Qureshi AR, Stenvinkel P, Heimburger O, Axelsson J, et al.

(2010) Abdominal fat deposition is associated with increased inflammation,

protein-energy wasting and worse outcome in patients undergoing haemodial-
ysis. Nephrol Dial Transplant 25: 562–568.

14. Wright M, Jones C (2011) Renal Association Clinical Practice Guideline on
nutrition in CKD. Nephron Clin Pract 118 Suppl 1: c153–164.

15. World Health Organisation (2000) Obesity: preventing and managing the global

epidemic. Report of a WHO consultation. World Health Organ Tech Rep Ser
894: i–xii, 1–253.

16. Bigaard J, Frederiksen K, Tjonneland A, Thomsen BL, Overvad K, et al. (2005)

Waist circumference and body composition in relation to all-cause mortality in
middle-aged men and women. Int J Obes (Lond) 29: 778–784.

17. World Health Organisation (2011) Waist circumference and waist–hip ratio:

report of a WHO expert consultation, Geneva, 8–11 December 2008. World
Health Organisation.

18. Ashwell M, Cole TJ, Dixon AK (1996) Ratio of waist circumference to height is
strong predictor of intra-abdominal fat. Bmj 313: 559–560.

19. Gelber RP, Gaziano JM, Orav EJ, Manson JE, Buring JE, et al. (2008) Measures

of obesity and cardiovascular risk among men and women. J Am Coll Cardiol
52: 605–615.

20. Valdez R, Seidell JC, Ahn YI, Weiss KM (1993) A new index of abdominal

adiposity as an indicator of risk for cardiovascular disease. A cross-population
study. Int J Obes Relat Metab Disord 17: 77–82.

21. McIntyre NJ, Fluck RJ, McIntyre CW, Taal MW (2011) Risk Profile in Chronic

Kidney Disease Stage 3: Older versus Younger Patients. Nephron Clin Pract
119: c269–c276.

22. McIntyre NJ, Fluck RJ, McIntyre CW, Taal MW (2011) Skin autofluorescence
and the association with renal and cardiovascular risk factors in chronic kidney

disease stage 3. Clin J Am Soc Nephrol 6: 2356–2363.

23. NICE (2008) Chronic Kidney Disease: National clinical guideline for early
identification and management in adults in primary and secondary care. The

National Institute for Health and Clincal Excellence. Available: www.nice.org.

uk/nicemedia/pdf/CG073NICEGuideline.pdf.

24. World Health Organisation (2006) Definition and diagnosis of diabetes mellitus

and intermediate hyperglycemia : report of a WHO/IDF consultation. Geneva,

Switzerland: WHO Press. 50 p.

25. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, et al. (2003)

The Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure: the JNC 7 report. JAMA

289: 2560–2572.

26. Safar ME, Czernichow S, Blacher J (2006) Obesity, arterial stiffness, and
cardiovascular risk. J Am Soc Nephrol 17: S109–111.

27. Safar ME, Blacher J, Pannier B, Guerin AP, Marchais SJ, et al. (2002) Central

pulse pressure and mortality in end-stage renal disease. Hypertension 39:
735–738.

28. de Lusignan S, Tomson C, Harris K, van Vlymen J, Gallagher H (2010)
Creatinine Fluctuation Has a Greater Effect than the Formula to Estimate

Table 6. Comparison between CI quartiles and risk factors for CKD progression or cardiovascular events.

CI Quartiles

1st (n = 426) 2nd (n = 427) 3rd (n = 445) 4th (n = 442) p

Age(yrs) 70.75610.0 72.1568.7 73.5668.5 74.8968.3 ,0.001

SBP(mmHg) 132.0619.1 134.4617.2 135.2617.9 134.3619.0 0.058

eGFR (mL/min/1.73 m2) 54.0610.5 53.4610.3 52.0610.3 50.6610.2 ,0.001

UACR(mg/mmol) 0.2[0–0.79] 0.23[0–1.03] 0.42[0–1.8] 0.77[0.07–3.4] ,0.001

Uric acid(mmol/L) 348.21684.7 380.44689.0 401.06686.4 405.22693.5 ,0.001

PWV(m/sec) 9.5762.1 9.6761.8 10.0562.0 10.2862.0 ,0.001

Data are mean6SD or median [IQR].
SBP = systolic blood pressure; eGFR = estimated glomerular filtration rate; UACR = urine albumin to creatinine ratio; PWV = pulsewave velocity; CI = conicity index.
doi:10.1371/journal.pone.0034699.t006

Anthropomorphic Measurements in CKD Stage 3

PLoS ONE | www.plosone.org 6 April 2012 | Volume 7 | Issue 4 | e34699



Glomerular Filtration Rate on the Prevalence of Chronic Kidney Disease.

Nephron Clin Pract 117: c213–c224.
29. The NHS Information Centre, Lifestyle Statistics (2011) Statistics on obesity,

physical activity and diet: England, 2011. The Health and Social Care

Information Centre.
30. Srikanthan P, Seeman TE, Karlamangla AS (2009) Waist-hip-ratio as a

predictor of all-cause mortality in high-functioning older adults. Ann Epidemiol
19: 724–731.

31. Elsayed EF, Sarnak MJ, Tighiouart H, Griffith JL, Kurth T, et al. (2008) Waist-

to-hip ratio, body mass index, and subsequent kidney disease and death.
Am J Kidney Dis 52: 29–38.

32. Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, et al.
(2010) Association of estimated glomerular filtration rate and albuminuria with

all-cause and cardiovascular mortality in general population cohorts: a
collaborative meta-analysis. Lancet 375: 2073–2081.

33. Halbesma N, Kuiken DS, Brantsma AH, Bakker SJ, Wetzels JF, et al. (2006)

Macroalbuminuria is a better risk marker than low estimated GFR to identify
individuals at risk for accelerated GFR loss in population screening. J Am Soc

Nephrol 17: 2582–2590.
34. Madero M, Sarnak MJ, Wang X, Greene T, Beck GJ, et al. (2009) Uric acid and

long-term outcomes in CKD. Am J Kidney Dis 53: 796–803.

35. Short RA, Johnson RJ, Tuttle KR (2005) Uric acid, microalbuminuria and
cardiovascular events in high-risk patients. Am J Nephrol 25: 36–44.

36. Gagliardi AC, Miname MH, Santos RD (2009) Uric acid: A marker of increased
cardiovascular risk. Atherosclerosis 202: 11–17.

37. Okura T, Higaki J, Kurata M, Irita J, Miyoshi K, et al. (2009) Elevated serum
uric acid is an independent predictor for cardiovascular events in patients with

severe coronary artery stenosis: subanalysis of the Japanese Coronary Artery

Disease (JCAD) Study. Circ J 73: 885–891.

38. Mattace-Raso FU, van der Cammen TJ, Hofman A, van Popele NM, Bos ML,

et al. (2006) Arterial stiffness and risk of coronary heart disease and stroke: the

Rotterdam Study. Circulation 113: 657–663.

39. Mitchell GF, Hwang SJ, Vasan RS, Larson MG, Pencina MJ, et al. (2010)

Arterial stiffness and cardiovascular events: the Framingham Heart Study.

Circulation 121: 505–511.

40. Vlachopoulos C, Aznaouridis K, Stefanadis C (2010) Prediction of cardiovas-

cular events and all-cause mortality with arterial stiffness: a systematic review

and meta-analysis. J Am Coll Cardiol 55: 1318–1327.

41. Chue CD, Townend JN, Steeds RP, Ferro CJ (2010) Arterial stiffness in chronic

kidney disease: causes and consequences. Heart 96: 817–823.

42. Safar ME, London GM, Plante GE (2004) Arterial stiffness and kidney function.

Hypertension 43: 163–168.

43. Orr JS, Gentile CL, Davy BM, Davy KP (2008) Large artery stiffening with

weight gain in humans: role of visceral fat accumulation. Hypertension 51:

1519–1524.

44. Upadhyay A, Hwang SJ, Mitchell GF, Vasan RS, Vita JA, et al. (2009) Arterial

stiffness in mild-to-moderate CKD. J Am Soc Nephrol 20: 2044–2053.

45. Wahba IM, Mak RH (2007) Obesity and obesity-initiated metabolic syndrome:

mechanistic links to chronic kidney disease. Clin J Am Soc Nephrol 2: 550–562.

46. Trayhurn P, Wang B, Wood IS (2008) Hypoxia and the endocrine and signalling

role of white adipose tissue. Arch Physiol Biochem 114: 267–276.

47. Wood IS, de Heredia FP, Wang B, Trayhurn P (2009) Cellular hypoxia and

adipose tissue dysfunction in obesity. Proc Nutr Soc 68: 370–377.

48. Kabon B, Nagele A, Reddy D, Eagon C, Fleshman JW, et al. (2004) Obesity

decreases perioperative tissue oxygenation. Anesthesiology 100: 274–280.

49. Feig DI, Kang DH, Johnson RJ (2008) Uric acid and cardiovascular risk.

N Engl J Med 359: 1811–1821.

Anthropomorphic Measurements in CKD Stage 3

PLoS ONE | www.plosone.org 7 April 2012 | Volume 7 | Issue 4 | e34699


