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Hypertension, race, and glomeruli: 
more than simply a numbers game
M Haas1

Incidences of hypertension and hypertension-related renal 
failure are considerably higher in African-Americans than in white 
Americans. One explanation offered for this is that African-Americans 
have a higher incidence of low birth weight, the latter associated 
with lower numbers of glomeruli. However, although studies show a 
clear association between hypertension and glomerular number in 
whites, the situation in African-Americans appears more complex.
Kidney International (2006) 69, 640–642. doi:10.1038/sj.ki.5000223

In a landmark article published nearly 
two decades ago, Brenner, Garcia and 
Anderson1 proposed that a reduction in 
glomerular surface area, whether result-
ing from a congenital condition, surgical 
renal ablation, or acquired renal paren-
chymal disease, limits the ability of an 
individual to excrete sodium. Th is induces 
compensatory mechanisms aimed at 
enhancing urinary sodium excretion, 
including increases in blood pressure both 
systemically and within the renal micro-
vasculature. Because the development of 
nephrons in utero persists through the 
36th week of gestation,2 individuals with 
a history of intrauterine growth retarda-
tion (IUGR) and low birth weight tend 
to have reduced numbers of glomeruli 
postnatally,3 and Barker and coworkers4 
in particular have demonstrated an asso-
ciation between low birth weight and fre-
quency of hypertension in both children 
and adults. Furthermore, Keller et al.,5 in 
a recent study of white adults aged 35–59 
who died in accidents, found that kid-
neys from 10 hypertensive subjects had 
a median number of glomeruli that was 
approximately half that in kidneys from 

normotensive subjects matched for age, 
height, and weight.

This relationship between low birth 
weight, number of glomeruli, and predis-
position to hypertension was proposed 
by Lopes et al.6 as a potential explanation 
for the higher incidence of hypertension 
and higher rate of hypertension-related 
end-stage renal disease (ESRD) among 
African-Americans compared with white 
Americans. Aborigines of the Northern 
Territory of Australia, who like African-
Americans have high rates of hyperten-
sion and ESRD, have a higher frequency 
of low birth weight and lower numbers 
of nephrons compared with whites of the 
same region.2 Th e incidence of low birth 
weight in African-Americans is approxi-
mately twice that in white Americans, 
although this diff erence is somewhat less 
in higher income brackets.6 Notably, how-
ever, while Hughson et al.3 found a direct 
linear relationship between glomerular 
number and birth weight in a study of kid-
neys from 56 individuals autopsied at Th e 
University of Mississippi Medical Center, 
they did not fi nd a signifi cant diff erence in 
mean glomerular number between Cau-
casians and African-Americans.

In this issue of Kidney International, 
Hughson and coworkers7 directly address 
the potential associations between race, 
glomerular number, and hyperten-
sion in a study of autopsy kidneys from 
140 adults, ages 18–65, who lived in the 
Southeastern U.S. It should be noted that 

these are extremely time-consuming and 
labor-intensive studies, involving not only 
detailed, specialized morphometric analy-
ses (the details of which are beyond the 
scope of this commentary) but also thor-
ough analysis of patient data, including 
birth weights on fi le with the Mississippi 
State Department of Health.

In the full study population, which 
included 75 African-Americans and 65 
Caucasians, glomerular number corre-
lated signifi cantly with birth weight and 
inversely with intimal arterial fi brosis, a 
histologic fi nding associated with hyper-
tension, although the association between 
glomerular number and mean arterial 
pressure (MAP) did not reach statistical 
signifi cance.7 As in the same group’s pre-
vious study,3 mean glomerular number 
was not signifi cantly diff erent in whites 
and African-Americans, although the lat-
ter group had a signifi cantly higher mean 
MAP.8 In white adults, there was a strong 
correlation of glomerular number with 
both birth weight and (inversely) with 
MAP, the latter consistent with the earlier 
results of Keller et al.5 in white Germans. 
Th ere was also a strong inverse correla-
tion between birth weight and MAP.7 By 
contrast, in African-Americans there was 
no signifi cant correlation of glomerular 
number with either birth weight or MAP, 
or between birth weight and MAP. Fur-
thermore, when a history of hyperten-
sion was inferred from pathologic data 
(cardio megaly and microscopic renal 
vascular lesions) as well as blood pres-
sure determinations, such a history was 
signifi cantly associated with a lower mean 
glomerular number in whites but not in 
African-Americans.7

The results of this study of Hugh-
son et al.7 have two important implica-
tions regarding our understanding of 
the pathogenesis of primary (essential) 
hypertension in Caucasians and African-
Americans, and of racial diff erences in the 
incidence of hypertension, at least in the 
US. First, reduction in glomerular number 
associated with IUGR and low birth 
weight appears to be a far less important 
risk factor for the development of hyper-
tension in African-Americans than in 
Caucasians. Second, the higher incidence 
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of low birth weight among African-Amer-
icans clearly cannot explain, either com-
pletely or in large part, the higher rate of 
hypertension among African-Americans 
compared to that in white Americans. Th e 
lack of a signifi cant association between 
glomerular number and hypertension in 
African-Americans is somewhat surpris-
ing, given that the original hypothesis 
of Brenner et al.1 was based on the con-
cept that persons with a reduced number 
of nephrons would have an impaired 
capacity to excrete sodium and thus an 
increased risk of salt-sensitive hyperten-
sion, and that hypertension in blacks tends 
to be salt-sensitive.8 Clearly, however, 
factors other than low birth weight and 
glomerular ‘underdosing’ must underlie 
the high incidence of hypertension among 
African-Americans.

Johnson and coworkers9 have proposed 
that subtle, acquired renal microvascu-
lar injury, most likely involving aff erent 
arterioles, is a common pathway involved 
in the development of salt-sensitive pri-
mary hypertension. Th is subtle arteriolar 
injury would initially result in activation 
of the renin-angiotensin system and a 
phase of salt-resistant hypertension. Th e 
latter would subsequently lead to further 
vascular injury, a permanent state of 

decreased aff erent arteriolar blood fl ow, 
impaired ability to excrete sodium, and 
compensatory salt-sensitive hyperten-
sion similar to that proposed by Bren-
ner et al.1 to occur in individuals with 
reduced glomerular number.

A morphologic example of an early 
arteriolar lesion, in which there is mild 
thickening of the vessel wall and narrow-
ing of the lumen, is shown in Figure 1. 
According to Johnson et al.,9 such lesions 
could result from transient elevations in 
blood pressure that potentially arise from 
a number of causes. Two such causes 
proposed by Johnson et al.9 are hyperu-
ricemia, which may produce endothelial 
dysfunction and/or vascular smooth 
muscle proliferation, and hyperactivity 
of the sympathetic nervous system. Data 
from the Louisiana-based Bogalusa Heart 
Study10 showed that higher serum uric 
acid levels in childhood were predictive of 
higher levels of adult systolic and diasto-
lic blood pressures in white males and 
females and African-American females, 
but notably not in African-American 
males, the group most at risk for hyper-
tension. Furthermore, in this study child-
hood (though not adult) uric acid levels 
were lower in African-Americans than in 
whites,10 which is the inverse of the trend 
for rates of hypertension. Increased sym-
pathetic nervous system activity is likely 
to play an important role in linking obes-
ity with hypertension,11 although whether 
diff erences in sympathetic activity may 
contribute to racial diff erences in hyper-
tension is not clear. Abate et al.11 found 
that among lean adults (body mass index 
(BMI) <25), sympathetic nerve discharge 
rates were 20–40% higher in black men 
than in white men or in black or white 
women. By contrast, no such differ-
ence was seen in overweight (BMI ≥ 25) 
adults.11 In an earlier study,12 major racial 
diff erences in sympathetic nervous system 
activity were not found.

If we were to accept the hypothesis of 
Johnson et al.,9 what are other potential 
causes of transient rises in blood pressure 
leading to early arteriolar lesions that 
also have a higher incidence in African-
Americans than in white Americans? 
One possibility to consider is subclini-
cal post-infectious glomerulonephritis 
(PIGN). In a retrospective study of renal 

biopsies examined by electron microscopy 
(EM), ultrastructural evidence of healed, 
subclinical PIGN was found in 57 of 543 
(10.5%) specimens that did not have an 
immune complex-mediated glomerular 
disease as a primary diagnosis.13 Although 
40% of the patients with subclinical PIGN 
in this study were diabetics, the criteria 
for subclinical PIGN used were relatively 
stringent,13 and as such the true incidence 
of subclinical PIGN may in fact be 10% 
or more even if diabetics are excluded. 
Subclinical PIGN could potentially lead 
to transient blood pressure elevations, 
and may be relevant to racial diff erences 
in hypertension rates, as the incidence of 
invasive group A streptococcal infections 
in the U.S. is 1.6 times greater in African-
Americans than in persons of other races, 
a ratio that is even higher if individuals 
over the age of 65 are not considered.14 
African-Americans also have higher rates 
than whites of other bacterial infections 
and of mucosal colonization by Strepto-
coccus species.15–17 Subclinical PIGN is 
clearly not the only potential risk factor 
for development of early arteriolar lesions 
that may be more prevalent in African-
Americans than in Caucasians, but sim-
ply represents one of a number of factors 
other than (or in addition to) glomerular 
number that together might explain the 
higher incidence of primary hypertension 
in African-Americans.

In summary, the study of Hughson et 
al.7 in this volume supports the idea that 
there are important pathogenetic dif-
ferences between primary hypertension 
in African-Americans and Caucasians. 
Hopefully, a more detailed understand-
ing of these differences will also help 
clarify the mechanisms underlying Afri-
can-Americans’ increased predisposition 
to hypertension and renal insuffi  ciency.
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Figure 1 | Early lesion in a preglomerular 
arteriole, with mild thickening of the vessel 
wall and mild narrowing of the lumen. 
This photograph was taken of a renal biopsy 
from a 17-year-old male with normal renal 
function and no documented hypertension, 
who was found to have microscopic hematuria 
and mild proteinuria on a routine exam. The 
biopsy showed immunofluorescence and 
electron microscopic findings most consistent 
with a largely resolved post-infectious 
glomerulonephritis. The glomerulus shown is 
representative of most glomeruli in the biopsy 
and shows mild mesangial matrix expansion 
with very mild and segmental mesangial 
hypercellularity (hematoxylin-eosin stain; 
original magnification 400×).
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Is homocysteine an iron-
dependent cardiovascular risk 
factor?
JL Sullivan1

Recent studies of endothelial function suggest that adverse vascular 
effects of homocysteine are iron-dependent. Iron sucrose worsens 
and iron chelation eliminates homocysteine-associated decreases 
in flow-mediated dialation. There may be no vasculopathic effect 
of homocysteine without available reactive iron. Iron-dependent 
amplification of the vascular effects of homocysteine may be one of 
several mechanisms by which stored iron increases cardiac risk.
Kidney International (2006) 69, 642–644. doi:10.1038/sj.ki.5000229

Th e ‘iron hypothesis’ suggests that a state 
of sustained iron depletion exerts primary 
protective eff ects against ischemic heart 
disease. Th e idea was originally formu-
lated in 1981 as an explanation for the 
low cardiac disease rates of menstruat-

ing women.1 Iron storage levels are kept 
low by regular menstrual iron losses until 
the cessation of menses, aft er which heart 
disease risk escalates in parallel with the 
acquisition of stored iron. Th e inadequacy 
of the traditional hormonal explanation 
for the risk increase was an important 
motivation for seeking an alternative 
explanation. The shortcomings of the 
hormonal explanation were apparent 
from fi ndings available in 1981. Now that 
prospective results of the Women’s Health 
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Initiative HRT trial have shown that exog-
enous female hormones not only fail to 
protect, but slightly boost, rates of heart 
disease, it is more urgent that attention be 
focused on alternative explanations.2

One such alternative hypothesis 
involves homocysteine. In 1983, it was 
observed that premenopausal women 
have a “unique effi  ciency of methionine 
metabolism” that results in lower homo-
cysteine levels aft er methionine loading 
than are seen in men or postmenopausal 
women.3 Th e authors hypothesized that 
premenopausal women, for unknown rea-
sons, might remethylate homocysteine to 
methionine more effi  ciently, thus main-
taining a lower homocysteine concentra-
tion. Th is was proposed to be the basis for 
the sex diff erence in heart disease rates. 
A more recent study found that young 
women do have a significantly higher 
rate of homocysteine remethylation than 
young men, although no sex diff erence 
in resting or post-methionine loading 
plasma homocysteine concentrations 
could be documented.4 Other investiga-
tors have reported lower homocysteine 
levels in menstruating women.5

A pattern of lower homocysteine 
concentration in menstruating women 
that rises to the male level aft er meno-
pause would be expected if iron deple-
tion increased the rate of homocysteine 
remethylation. Such an eff ect remained 
speculative until the recent unexpected 
discovery that the iron storage protein, 
ferritin, has an important enzymatic 
function in folate catabolism.6 In general, 
higher intracellular ferritin levels are asso-
ciated with lower folate availability. As 
“purine biosynthesis, thymidylate biosyn-
thesis, and homocysteine remethylation 
vie for a limited pool of folate-activated 
one-carbon units,” it appears that ferritin-
mediated folate catabolism can result in 
higher homocysteine concentrations by 
minimizing the availability of one-carbon 
units for remethylation.7 I propose that, 
as more ferritin is synthesized to accom-
modate additional storage iron acquired 
aft er the cessation of menstrual blood loss, 
homocysteine remethylation rates dimin-
ish in proportion to the ferritin-mediated 
decline in available intracellular folate. 
Increased ferritin near sites of infl amma-
tion may increase local concentrations of 




