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Albuminuria and hypertension: the chicken or the egg?
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ALBUMINURIA AS THE HATCHED EGG
OF HYPERTENSION

lassically,  albuminuria  has  been

attributed to hypertension: in a chicken
or egg scenario, albuminuria appears to be
the product that ‘hatches’ from hypertension
(Figure 1). Hypertension promotes shearing
stress and oxidative stress in endothelial cells.
These injured endothelial cells lose the gly-
cocalyx that covers their fenestrae (Figure 2);
therefore, they cannot prevent albumin from
moving through the basal membrane.!
Accordingly, albuminuria is attributed to
endothelial cell injury, whereas
proteinuria is attributed to either injured
podocytes or their foot processes. The
juxtamedullary  nephrons  often  face
conditions characterized by intense hyper-
tension due to vessel strain. Albuminuria has
served as an indicator of pressure-associated
injury to nephrons.?

Several disease conditions, as well as
hypertension, also cause proteinuria in a
similar manner.>* Diabetes mellitus is a
well-known inducer of albuminuria.” The
endothelial surface layer is diminished by
the increased expression of heparanase,
which is induced by oxidative stress® in the
setting of diabetes mellitus; this phenomenon
may explain the albuminuria observed in
diabetic  nephropathy. The negatively
charged sugar chains attached to proteo-
glycans mediate the permselective properties
of glomerular endothelial cells.! High
concentrations of glucose increase the
expression of both dysfunctional endothelial
nitric oxide synthase and reactive oxygen
species, whereas high doses of free fatty
acids do not increase oxidative stress.”
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Dyslipidemia  induces albuminuria and
proteinuria. The KEEP cohort study
reported that dyslipidemia is a predictor of
proteinuria and chronic kidney disease,® and
the Framingham Offspring cohort also
reported  that  dyslipidemia  predicts
albuminuria.” Moreover, the treatment of
dyslipidemia with statins ameliorates protei-
nuria in a dose-dependent manner.!912
Smoking is an important factor in
endothelial cell damage. Cigarette smoking
increases the incidence of end-stage renal
disease in IgA nephropathy.!> Moreover, the
adverse effects of smoking on renal function
increase exponentially as the stages of chronic
kidney disease increase.!* Current smokers
have a 1.51-fold higher risk of proteinuria.!®
These effects are attributed to smoking-
induced oxidative stress on endothelial cells.
Consequently, albuminuria is a product of
hypertension, as well as several other diseases.

ALBUMINURIA AS THE CHICKEN OF
HYPERTENSION

Takahara’s cross-sectional study elucidated
the relationship between micro-albuminuria
and several factors, including hypertension,
age, diabetes, metabolic syndrome and
diet.!"" Recently, a study by Takahara
reported that albuminuria is an inde-
pendent  predictor of  cardiovascular
mortality on the basis of longitudinal
data,®® a finding consistent with those of
previous studies.?!??

In the current issue of Hypertension
Research, the Takahata study demonstrates
that slight increases in albuminuria may
predict incidental hypertension.”> During
the study’s follow-up period (median,
67 vyears), the incidence of hypertension
increased compared to baseline urine
albumin/creatinine ratio (UACR) values
(20.4% for UACR <5mgg~!, 34.0% for
5-9.9mgg ! and 40.4% for 10-29.9mgg !,

P-trend = 0.002). The observation period was
sufficient to include albuminuria among the
causes of hypertension. Moreover, this article
reported that subjects with increased UACR
values (>5mgg~!) had a higher risk of
incidental hypertension than those with low
UACR values (<5mgg~!), irrespective of
their backgrounds (age, sex, smoking, alcohol
consumption, obesity and urinary sodium
excretion). Aside from pre-hypertension
(odds ratio (OR) 3.54 (2.00-6.55),
P<0.01), the strongest risk factor for hyper-
tension, a UACR of 10.0-29.9 has a higher
OR (OR 267 (1.36-5.38), P<0.01) than
smoking (OR 1.12 (0.61-2.07), P=0.72),
diabetes (OR 0.62 (0.33-1.14), P=0.12) or
body mass index (OR 1.08 (0.99-1.18),
P=0.06), traditional risk factors for
hypertension.

These results indicate that albuminuria
acts as a mother figure, or progenitor, for
hypertension (Figure 1), in a fashion similar
to how smoking, obesity and sodium intake
are also considered to be mother figures for
hypertension. Hill’s criteria are often used to
determine causality.?* This study has shown
that micro-albuminuria appears to cause
hypertension in both time-dependent and
dose-dependent manners, both of which are
important elements of Hill’s criteria. The
mechanism by which hypertension occurs
represents another of Hill's criteria. There
are several possible hypotheses that may
explain the causality of hypertension as it
relates to albuminuria. First, endothelial
injury induces albuminuria in the kidneys
and hypertension in the entire body
(Figure 1). Such endothelial injury may be
caused by cigarette smoking, diabetes or
dyslipidemia, or by hypertension itself. This
theory is similar to the theory depicting
albuminuria as the egg to hypertension’s
chicken. Based on this hypothesis, endo-
thelial injury may be the grandmother of
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Figure 1 The relationship between hypertension and albuminuria: Chicken or egg.
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It is difficult to

determine whether hypertension causes proteinuria or whether albuminuria causes hypertension based

on a single mechanism,

as hypertension and albuminuria usually coexist.

Hypertension has

traditionally been considered an inducer of albuminuria via endothelial injury. Albuminuria, however,
may also induce hypertension, as most of the albumin filtered by glomeruli is reabsorbed by the renal
tubules, and this albumin may generate oxidative stress, resulting in kidney injury.
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Figure 2 Structure of the filter mechanism in glomeruli. There are two types of cells located in the

basal membranes of glomeruli,
that function as filters for albumin.

endothelial cells and podocytes. Podocytes have foot processes
Injury of these foot processes causes nephrotic syndrome.

Endothelial cells have fenestrae enough wide for albumin to pass through. The glycocalyx of each
endothelial cell covers these fenestrae and has a negative charge; therefore, endothelial cells may also
function as filters for albumin. Therefore, albuminuria is basically considered to be caused by injured
endothelial cells, whereas macro-proteinuria is considered to be caused by either injured podocytes or

their foot processes.

hypertension. Second, albuminuria occurring
at the level of the glomeruli is mitigated via
the resorption of albumin by the renal
tubules.”>?®  The reabsorbed albumin
induces oxidative stress in the renal tubules,
resulting in kidney injury, a widely accepted
cause of hypertension (Figure 2). If future
experimental and clinical reports support this
causal link, micro-albuminuria may become
more firmly established as the chicken to
hypertension’s egg.
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