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Abstract
The sharp rise in the prevalence of chronic kidney disease
(CKD) that parallels an increase in the prevalence of obesity
in the recent years is a cause for great concern. CKD increas-
es the rate of cardiovascular disease (CVD), development of
end-stage renal disease, and leads to premature death. Al-
though no direct causality link between obesity and CKD
canyet be established, this appears highly likely. CKD should
be regarded as a major complication of overweight and obe-
sity, regardless of whether the association was independent
or through the influence of diabetes, hypertension, CVD,
metabolic syndrome and high fructose intake. We review
the literature on the complex but positive association be-
tween obesity and CKD, the pathological effect of excess
adiposity in kidney injury and the potential role of weight
reduction therapy in reducing the burden of CKD.
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Chronic kidney disease (CKD) has a major impact on
patients, health services and society. CKD increases the
risk of cardiovascular disease (CVD) [1], hospitalization
[2, 3], and the development of end-stage renal disease
(ESRD) [4]. A systemic review of 39 studies that included
more than 1 million patients found an increase in the
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relative risk of all-cause mortality in non-dialysis-depen-
dent CKD patients; the absolute risk of death appeared to
increase exponentially with decreasing renal function
[2]. Thus, it is essential to identify risk factors for the de-
velopment and progression of CKD.

In recent years, there has been an alarming rise in the
prevalence of CKD that has paralleled the increase in the
prevalence of obesity, especially in the Western world [5].
In the last decade, the prevalence of obesity in Great Brit-
ain has almost doubled with the national survey showing
the proportion of obese individuals to increase from 13.2%
of men in 1993 to 23.7% in 2006 and from 16.4% of wom-
en in 1993 to 24.2% in 2006. It is estimated that by 2010,
75% of men and 58% of women in England could be clas-
sified as overweight or obese [6]. The World Health Orga-
nization (WHO) defines normal body weight using the
body mass index (BMI) as a BMI of 18.5-24.9, overweight
as BMI ranging from 25 to 29.9 and obesity as BMI of =30
[7]. Increasing evidence suggests that obesity is a poten-
tially important contributor to the development of CKD.

Both diabetes mellitus and hypertension are leading
causes of ESRD, with the great majority of patients with
type 2 diabetes being obese. Several observational studies
have demonstrated a consistent association between the
risk of CKD and increasing BMI. The majority of these
have indicated that the association of obesity and CKD is
through the influence of risk factors including diabetes,
hypertension and metabolic syndrome (MS) [8-14]. Oth-
er studies [15-18], however, have suggested a direct link
between obesity and kidney disease.
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In the Framingham Heart Study of 2,585 individuals
with nearly 19 years of follow-up, traditional cardiovas-
cular risk factors of age, hypertension, diabetes, obesi-
ty and tobacco use have been shown to be predictors of
new-onset kidney disease [16]. In this US community-
based longitudinal cohort study, patients who were obese
at baseline were more likely to have decreased renal func-
tion. On multivariate analysis (controlling for age, sex,
baseline glomerular filtration rate [GFR], smoking and
diabetes status), increased baseline BMI was significant-
ly associated with development of CKD, with an odds ra-
tio of 1.23 (95% CI 1.08-1.41) for each standard deviation
in BMI. Obesity as a predictor for the development of
CKD was also demonstrated in 2 larger studies with
5,897 and 11,104 patients, respectively [8, 18]. Data from
the Hypertension Detection and Follow-up Program [8]
found the risks of developing CKD at 5 years after adjust-
ment for age, sex, race and diabetes for overweight and
obese patients were 20% (95% CI 1.04-1.39) and 40%
(95% CI 1.21-1.65), respectively, compared with normal-
weight patients. In the large prospective cohort study
consisting of healthy male physicians [18], the risk of de-
veloping CKD after 14 years of follow-up was approxi-
mately 30% in those who were overweight (1.32, 95% CI
1.09-1.61) and obese (1.26, 95% CI 1.03-1.54) after con-
trolling for age, smoking, exercise, alcohol consumption
at baseline, parental history of myocardial infarction,
diabetes, hypertension, hypercholesterolaemia and cor-
onary artery disease. Analysis of data from the Second
National Health and Nutrition Examination Survey
(NHANESII) [9] identified an increased risk for CKD in
those who were morbidly obese (baseline BMI of =35).
There were 9,082 adults in the NHANES II population
and the study covered an average follow-up of 13.2 years.
The study found that those with morbid obesity had more
than double the risk of CKD (2.3, 95% CI 1.1-4.9) com-
pared to normal weight individuals, independent of age,
sex, race, smoking and physical activity.

It remains unclear, however, whether high BMI is a
risk factor for CKD, independent of diabetes and hyper-
tension with some studies showing conflicting results. In
a Swedish case-control study (926 vs. 998 patients) [15],
men and women with BMIs of =25 at ages 20, 40 and 60
years had a significant threefold elevated risk of CKD
compared with those with BMIs of <25. This elevated
risk was particularly strong in those with diabetes. Other
studies, however, have found no such correlation [8, 18].
In addition to diabetes, the odds for CKD in obese indi-
viduals may also be high in the presence of hypertension
or both diabetes and hypertension. A Taiwanese commu-
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nity-based cross-sectional study of 4,611 adults docu-
mented a greater than twofold increased risk of CKD in
obese individuals especially in participants who had hy-
pertension and diabetes [19]. The odds were 2.9 (95% CI
2.11-3.97) and 2.4 (95% CI 1.68-3.57), respectively. Obese
men appeared to have a greater risk than women in some
studies [4, 15, 17, 19]. In a Japanese cohort of 100,753
adults [17], the cumulative incidence of ESRD was great-
er than 2-fold in those with baseline BMI of 25.5 or great-
er compared with adults with baseline BMI of <21.0. This
association was only noted in men but not women after
17 years of follow-up with the risk being independent of
the presence of hypertension. A similar positive associa-
tion with CKD was seen among overweight and obese
men in a population-based study from Singapore [19].

Obesity has not only been suggested to cause renal dis-
ease but also appears to accelerate its deterioration. In a
retrospective cohort study of 320,252 healthcare-insured
participants from northern California who were followed
for 15-35 years [14], the rate of ESRD was found to be in-
creasing in a stepwise manner with higher BMIs. This
study used the National Heart, Lung and Blood Institute
guidelines to define normal weight as a BMI of 18.5-24.9,
overweight as a BMI of 25.0-29.9, and subdivided obesity
into three classes: I (BMI 30.0-34.9), I (BMI 35.0-39.9)
and IIT (BMI =40) [20]. The age-, sex-, and race-adjusted
rates of ESRD increased from 10 per 100,000 person-
years among those with normal weight to 108 per 100,000
person-years among those with class III obesity. After ad-
justment for multiple variables (for follow-up period, age,
sex, race, education level, smoking status, history of myo-
cardial infarction, serum cholesterol level, proteinuria,
haematuria and serum creatinine level), the relative risk
of ESRD compared with adults with normal weight were
1.87 (95% CI 1.64-2.14) in the overweight group, 3.57
(95% CI 3.05-4.18) in class I obesity, 6.12 (95% CI 4.97-
7.54) in class II obesity and 7.07 (95% CI 5.37-9.31) in
those with class III obesity. This significant relationship
between the risk of ESRD and elevated BMI persisted af-
ter controlling for baseline blood pressure and diabetes
status. Some studies have found that certain groups of
renal patients who were obese had a particularly high risk
of CKD progression. Obesity was identified as an inde-
pendent risk factor predisposing patients with IgA ne-
phropathy [21] and in allograft recipients [22, 23] to a
more rapid loss of renal function. An increased BMI may
also be more hazardous in patients with reduced renal
mass (uninephrectomy or unilateral renal agenesis or a
non-functioning kidney) [24].
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Microalbuminuria has been described as the earliest
manifestation of obesity-associated kidney damage and
diabetic nephropathy. This is associated with insulin re-
sistance independent of diabetes, a physiology that is not
yet fully understood [25]. Obese individuals commonly
have increased plasma renin activity, angiotensinogen,
angiotensin-converting enzyme activity, circulating an-
giotensin II (renin-angiotensin-aldosterone system) and
renal sympathetic activity. Hyperinsulinaemia, insulin
resistance and increased angiotensin II are potent activa-
tors for the expression of transforming growth factor-31
(TGF-B1), a fibrogenic cytokine which contributes to glo-
merular injury [26]. Microalbuminuria or proteinuria
can be attributed to augmented hyperfiltration, a well-
recognised glomerular haemodynamic change in obesity
[27, 28]. Worsening proteinuria in the nephrotic range is
frequently followed by a progressive loss of renal func-
tion. Focal segmental glomerulosclerosis (FSGS) is the
most significant and frequent histological abnormality in
proteinuric morbidly obese patients [29-31]. Even though
obesity-related FSGS (or obesity-related glomerulopathy,
ORG) usually exhibits a less severe proteinuria compared
to primary ‘idiopathic’ FSGS, the long-term prognosis of
the former is poor with almost one half ultimately devel-
oping advanced renal failure [29]. This observation, how-
ever, is from a small study consisting of 15 obese patients
with biopsy-proven FSGS compared with a control group
of 15 non-obese patients with primary FSGS. Overall,
there has been a rise in the incidence of ORG in the past
2 decades which seems to be congruent with the sharp
increase in the prevalence of obesity. A large comparative
study in United States of 6,818 renal biopsies over 15 years
(from 1986 to 2000) found a tenfold increase in the inci-
dence of ORG (p = 0.0001) [32]. Presentation was typi-
cally one of nephrotic-range proteinuria (48%) or sub-ne-
phrotic proteinuria (52%), accompanied by renal insuf-
ficiency (44%). None of these patients with ORG had
histological evidence of diabetic nephropathy.

For decades, obesity has been well recognised as a ma-
jor risk factor for CVD, diabetes, hypertension, hyperlip-
idaemia and more recently, the MS [33]. All these adverse
consequences are well known to be independent precur-
sors to CKD. Thus, weight reduction should have benefi-
cial effects not only in reducing cardiovascular and meta-
bolic complications but also in slowing the progression of
CKD and perhaps delaying or preventing CKD. However,
evidence for the latter is scarce. In a small Japanese case
series, 25 patients with BMI >25 who were hypertensive
and microalbuminuric with preserved renal function
were placed on a low-calorie diet (25 kcal/kg) [34] with a
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significant improvement in microalbuminuria and blood
pressure over 1l-year follow-up in the 12 patients who
achieved a weight reduction of at least 5%. Another case
series compared 8 adult patients with severe obesity (BMI
48.0 * 2.4) but normal serum creatinine levels who had
been subjected to gastroplasty with 9 healthy individuals
(BMI 22.2 % 0.6) [35]. None of these patients were being
treated for diabetes, hypertension or any chronic disease.
The study found that a significant weight reduction (BMI
down to 32.1 * 1.7) within 12-17 months in the obese
subjects was accompanied by a reduction in albuminuria
from 16 (4-152) to 5 (3-37) pwg/min (p < 0.01). A statisti-
cally significant reduction in renal hyperfiltration and
systolic blood pressure was also observed. In addition to
these case series, there are 2 randomized controlled trials
demonstrating the antiproteinuric effect of weight reduc-
tion in obese patients, but the numbers are small. A Span-
ish group randomized 17 obese non-diabetic individuals
(BMI 379 % 4.1) with proteinuria >1 (mean 3.1 * 1.7)
g/day to either a hypocaloric diet (1,000-4,000 kcal/day
without protein restriction) or captopril (50-150 mg/day)
without dietary changes for 1 year [36]. Whilst both
groups demonstrated a clear reduction in proteinuria at 1
year, there was a significant correlation between weight
reduction and decrease in proteinuria (from 2.9 * 1.7 to
0.4 £ 0.6 g/day, p < 0.05). Another study randomised 30
overweight patients (BMI >27) to a hypocaloric (500 kcal
reduction from usual intake) normoproteinic diet (pro-
tein content 1-1.2 g/kg/day) and control group with no
caloric restriction but normoproteinic diet for 5 months
[37]. All patients had chronic proteinuric nephropathy of
diabetic and non-diabetic causes with proteinuria >1 g/
day. Drugs with antiproteinuric effects such as ACE in-
hibitors, angiotensin receptor blockers and non-dihydro-
pyridine calcium channel blockers were withdrawn at
least 6 weeks prior to randomization. A significant pro-
teinuria reduction by 31.2 &+ 37% associated with weight
loss (r = 0.62; p < 0.01) was seen in the diet group with the
control group showing worsening in proteinuria corre-
lated with significant weight increase. In the secondary
analysis, renal function was stable in the diet group, but a
significant worsening in creatinine clearance was ob-
served in the control group after 5 months (from 61.8 *
22.1to0 56 * 19.9 ml/min/1.73 m?, p < 0.05). A reduction
in weight associated with a decrement in urine albumin
excretion was also demonstrated in a recent large (6,894
adults) population-based longitudinal study in the Neth-
erlands [38]. No changes in renal function (24-hour urine
creatinine clearance) were seen with weight loss during
the short follow-up period of 4.2 years.
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The positive association between obesity and kidney
disease is a relationship that is both complex and not yet
tully understood. High serum leptin levels are found in
type 2 diabetic and non-diabetic obese individuals. This is
the firstadipocyte-derived cytokine (adipokines) to be im-
plicated in the pathogenesis of kidney damage in obesity
[39]. Leptin has been shown to stimulate cellular prolif-
eration and expression of prosclerotic TGF-f1 cytokine.
Normal rats infused with leptin developed proteinuria
and focal glomerulosclerosis. Interactions between the ac-
tivated renin-angiotensin-aldosterone system and leptin
appear to play an important role in oxidative stress within
endothelial cells and contribute to the pathogenesis of ath-
erosclerosis [40]. Several studies have shown that hyper-
lipidaemia in itself can contribute to kidney injury [41-
44]. The obese Zucker (ZDF-fa/fa) rat, which has hyperin-
sulinaemia and hyperlipidaemia, develops progressive
renal failure associated with an accentuated podocyte
injury and glomerulosclerosis. Recently, adiponectin
(ADPN), another adipokine whose levels are reduced in
obesity and insulin resistance, was strongly implicated in
the pathogenesis of kidney injury in obesity [45]. In this
study by Sharma et al. [45], ADPN-deficient mice exhib-
ited effacement and fusion of podocyte foot processes as
well as increased albuminuria. Administration of exoge-
nous ADPN to ADPN null mice led to attenuation in
podocyte damage together with a reduction in albumin-
uria. MS, an increasingly popular entity previously known
as syndrome X [46], is a major consequence of adiposity
[47-50]. Large abdominal adiposity is the most important
predisposing factor for insulin resistance, which is the
hallmark of MS. In such individuals, ADPN are reduced
but other proinflammatory adipokines and biomarkers
such as interleukin-6, C-reactive protein, tumour necrosis
factor o and resistin are elevated. These together with in-
sulin resistance result in the complex metabolic derange-
ments contributing to kidney injury [51-53]. A series of
epidemiological studies recently linked fructose ingestion
(in the form of table sugar or high-fructose corn syrup) to
obesity and MS [54, 55]. In experimental rodents, fructose
induced weight gain, hyperinsulinaemia, hypertriglyceri-
daemia and hyperuricaemia [56]. Uric acid produced fol-
lowing hepatic metabolism of fructose has been implicated
in kidney injury [57, 58]. It causes a reduction in endothe-
lial nitric oxide bioavailability [56], inhibits endothelial
cell proliferation [59, 60], stimulates release of inflamma-
tory substances [59, 61, 62], and induces oxidative stress in
adipocytes, resulting in impaired ADPN secretion [63].
Hyperuricaemic rats develop renal vasoconstriction, arte-
riosclerosis and glomerular hypertension [61, 64].
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Opver the past several years, many studies have secured
the fundamental importance of adiposity on human
health using BMI. While this is the most widely used
measure of adiposity, BMI may not be ideal due to its in-
ability to reliably distinguish visceral obesity from sub-
cutaneous fat nor is it able to differentiate a high body
weight due to muscle mass from fat (or oedema). Central
adiposity reflected by high waist circumference (WC) has
been shown to correlate significantly with higher mortal-
ity, CVD [65, 66], hypertension, dyslipidaemia and MS
compared to BMI [67]. In a recent community-based US
population study using creatinine-based models, waist-
to-hip ratio (WHR) and not BMI was significantly asso-
ciated with the development of decreased kidney func-
tion, even after adjustment for hypertension and diabetes
[68]. Likewise, WHR posed a greater CVD risk factor
than BMI as demonstrated by a Canadian-led global
INTERHEART study [69]. Visceral fat measured by com-
puted tomography [70] was also associated with CVD
risk factors more so than BMI in the Framingham Heart
Study population. Also, BMI may not be reliably or ac-
curately applicable as the sole index of adiposity through-
out communities in Asia. In the Oriental population,
central adiposity measured by waist-to-height ratio
(WheiR) was the only index of obesity (compared to BMI,
WC and WHR) that showed a significant association
with CKD (independent of diabetes and hypertension)
[71] and urinary albumin excretion rate in type 2 diabet-
ics [72]. Kidney function is presently determined by the
estimated glomerular filtration rate (eGFR) using the
Modification of Diet in Renal Disease (MDRD) equation
adjusted to an average body surface (1.73 m?). However,
this equation is imprecise and unreliable in individuals at
both extremes of body size [73]. This has led to a propos-
al to correct eGFR for actual body surface area [74, 75].
Unfortunately, such recalculation in obese patients only
resulted in significant underestimation of GFR compared
to the absolute GFR measured by [*!Cr]JEDTA [76]. The
MDRD formula is derived from a non-obese study pop-
ulation (mean weight of 79.6 kg) [73], and it has been ar-
gued that any subsequent attempts to correct eGFR to
body surface area will never be adequate or valid in obese
individuals [76-78]. More studies are required to identify
a more reliable measure of kidney function in the obese,
but until then use of non-corrected GFR in combination
with calibrated serum creatinine has been recommended
in these individuals [76, 79].

There is now accumulating evidence to suggest that
CKD is more common in overweight or obese patients.
This association is derived from the currently available
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literature which is largely observational and epidemio-
logical. As such no direct causality link between obesity
and CKD can yet be established even though this is high-
ly likely. Many complex factors which include genetic,
metabolic, behavioural and environmental factors are re-
sponsible for the increasing prevalence in obesity. How-
ever, the rapid increase in prevalence suggests that be-
havioural and environmental influences predominate.
Importantly, CKD should be added to the list of compli-
cations of overweight and obesity, regardless of whether
the association was independent or through the influence
of diabetes, hypertension, CVD, MS and high fructose
intake. Excess fat stores are an active production site of
various inflammatory cytokines, responsible for en-
hanced levels of inflammation and oxidative stress with
detrimental renal effects. This raises the possibility of ex-
cess weight or obesity being a potentially modifiable risk
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Editorial Comment
M. El Nahas, Sheffield

This minireview by Stephen Ting from Indranil Das-
gupta’s group in Birmingham UK is a timely reminder of
the links and associations between obesity and CKD.
Globally, obesity is on the rise with more than a billion
individuals worldwide suffering from overweight and
obesity. Over the years, it has been widely appreciated
that obesity is associated with obesity-related glomeru-
lopathy and nephropathy characterised by proteinuria
and focal segmental glomerulosclerosis. More recently,
however, obesity is becoming a central focus of the glob-
al impression of an increased prevalence of CKD. Micro-
albuminuria is more common in obese individuals and
recent observations suggest that such an association is
dependent on obesity-associated inflammation and that
microalbuminuria is reversible upon weight loss [1]. Also
growing evidence has linked obesity and the associated
metabolic syndrome to the incidence of CKD; some have
suggested that such an association is more readily detect-
able with central obesity. We drew attention to issues re-
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lated to poverty and CKD; obesity is strongly associated
in some communities with social deprivation and limited
access to healthy diet and exercise [2]. Clearly, more at-
tention needs to be paid worldwide to stem the tide of
obesity and the associated metabolic syndrome and dia-
betes. They are at the centre of the global rise of chronic
non-communicable diseases and a number of initiatives
have been taken by governments worldwide to address
obesity and its impact on non-communicable diseases in-
cluding CKD.
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