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but also on the implications for their sexual part-
ners. In addition to males and their parents, physi-
cians should acknowledge that responsibility and 
support vaccination of males. And health insur-
ers have a responsibility to provide reimburse-
ment for HPV vaccination in males.
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Age, Renal Tubular Phosphate Reabsorption, and Serum 
Phosphate Levels in Adults

To the Editor: A relation between age and se-
rum phosphate levels in adults has been recog-
nized since 1969.1 We used data from the Gubbio 
Population Study to analyze serum phosphate lev-
els and renal phosphate handling in relation to age 
in 2107 men and 2560 women (age range, 18 to 
97 years).2 Information concerning medical his-
tory and diet was collected by questionnaire. Over-
night urine samples were obtained for analysis of 
albuminuria and markers of protein and salt in-
take. Early-morning samples of blood and urine 
were collected under fasting conditions to examine 
renal tubular function. Renal tubular phosphate 
handling was assessed as the ratio of the maxi-
mum rate of tubular phosphate reabsorption to 
the glomerular filtration rate (TmP:GFR).3 Labo-
ratory analyses were performed with the use of an 
autoanalyzer, with an intraassay error of less than 
5% for serum variables and of less than 10% for 
urinary variables.

Among men, serum phosphate levels declined 
with age almost linearly (Fig. 1, top graph). Se-
rum phosphate levels in women under the age of 
45 years overlapped with those in men and then 
increased between the ages of 45 and 54 years 
before progressively declining from 55 years. The 
age-associated decline in serum phosphate levels 
was not associated with hypocalcemia and hy-
pocalciuria, nor with indexes of protein and salt 
intake (not shown). The increase in serum phos-
phate levels in women between the ages of 45 and 
54 years was probably not related to age itself, but 
rather to menstrual status, since serum phosphate 
levels were higher in 97 menopausal women un-
der 50 years of age (mean age, 44.8 years) than 
in 67 menstruating women 50 years of age or 
older (mean age, 51.6 years) (3.61 mg per decili-
ter [1.17 mmol per liter] and 3.45 mg per decili-

ter [1.11 mmol per liter], respectively; P = 0.04). 
In both sexes, the decrease in the TmP:GFR ratio 
with age was similar to that in serum phosphate 
levels (Fig. 1, bottom graph).

Thus, in adults, serum phosphate levels decline 
with age, except for a transient increase during 
the perimenopausal period in women.4 The age-
associated decline in serum phosphate levels re-
flects changes in tubular phosphate reabsorption, 
which, in turn, might be explained by age-depen-
dent changes in tubular phosphate handling or 
in its hormonal modulators (e.g., parathyroid hor-
mone, phosphatonins, and growth hormone). The 
lack of association between the decrease in serum 
phosphate levels with hypocalcemia or hypocal-
ciuria does not support a role for hyperparathy-
roidism caused by vitamin D deficiency. A pos-
sible mechanism might be the age-dependent 
decrease in growth-factor secretion and related 
stimulation of phosphate reabsorption.5 The prac-
tical implication is that phosphate-depleting dis-
orders might induce hypophosphatemia more 
readily in older persons because the tubular ca-
pacity for phosphate reabsorption and the level of 
serum phosphate before the development of such 
disorders are already diminished. For parallel rea-
sons, disorders causing increases in serum phos-
phate levels should more readily induce hyper-
phosphatemia in younger persons.
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Figure 1. Serum Phosphate and Maximum Tubular Phosphate Reabsorption in Adults, According to Age.

The top graph shows mean serum phosphate levels, and the bottom graph shows mean ratios of the maximum rate 
of tubular phosphate reabsorption in milligrams per deciliter to the glomerular filtration rate in milligrams per deci-
liter (TmP:GFR), stratified according to sex and age. Mean serum phosphate levels were 3.28±0.01 mg per deciliter 
in men and 3.45±0.01 mg per deciliter in women (1.06±0.01 and 1.11±0.01 mmol per liter, respectively). The mean 
TmP:GFR values were 2.98±0.02 in men and 3.25±0.02 in women (0.96±0.01 and 1.05±0.01 mmol per liter, respec-
tively). F values for analysis of variance according to age group were 50.5 in men and 13.8 in women for serum 
phosphate (P<0.001) and 15.1 in men and 7.0 in women for TmP:GFR (P<0.001). The numbers of men and women 
in each age group are shown below the two graphs. The I bars denote standard errors. 
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The Hepatopulmonary Syndrome

To the Editor: In their review of the hepatopul-
monary syndrome, Rodríguez-Roisin and Krow-
ka (May 29 issue)1 provide a pathophysiological 
explanation of the symptoms of this syndrome, 
but they downplay the importance of the history 
and physical examination in making the diagno-
sis, stating that there are no signs, symptoms, or 
hallmarks of the hepatopulmonary syndrome on 
physical examination. We disagree. Platypnea (the 
opposite of orthopnea) not only is a common symp-
tom, but also is almost diagnostic in itself in a 
patient with cirrhosis. Many patients with the he-
patopulmonary syndrome also have cyanosis and 
clubbing, an unusual combination in cirrhosis.

We believe that the combination of known cir-
rhosis, platypnea, and orthodeoxia that is correct-
able with oxygen supplementation is absolutely 
diagnostic. The clinical examination and simple 
laboratory tests have a critical role in making this 
diagnosis. Thus, we question the need for expen-
sive scans, since intracardiac shunting can be 
ruled out if the hypoxemia is responsive to oxygen.

Recognition of platypnea is a practical issue for 
care. Health care workers almost instinctively try 
to make patients with dyspnea sit up, but they 
should learn to let these persons lie down.
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To the Editor: Rodríguez-Roisin and Krowka 
mention that an alveolar–arterial oxygen gradient 
of 15 mm Hg or more is one of the diagnostic cri-
teria for defective oxygenation in the hepatopul-
monary syndrome. In some earlier studies, the 
threshold of 20 mm Hg was used.1,2 Since the 

gradient increases with age, it may be more ac-
curate to compare patients’ gradients with those 
that are corrected for their age (the corrected al-
veolar–arterial oxygen gradient = 10 + 0.43 × [age –  
20]).3 In a healthy 40-year-old person, the correct-
ed alveolar–arterial oxygen gradient is 18.6 mm Hg, 
which is already above the lower threshold. In 
our analysis involving 96 patients on the waiting 
list for liver transplantation, 40 of the patients 
(42%) had an alveolar–arterial oxygen gradient 
above 20 mm Hg.4 If the lower threshold were 
used, the number of patients would increase to 58 
(60%). The hepatopulmonary syndrome was di-
agnosed in 23 patients (24%), but with a lower 
threshold, it would have been diagnosed in 33 pa-
tients (34%). Therefore, the use of a lower thresh-
old for the alveolar–arterial oxygen gradient, with-
out taking age into consideration, may lead to an 
overestimation of the incidence of the hepatopul-
monary syndrome.
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To the Editor: Rodríguez-Roisin and Krowka 
state that contrast-enhanced transthoracic echo-
cardiography cannot distinguish discrete arterio-
venous malformations from intracardiac shunt. 
This technique can, in fact, discern three levels 
of shunting: atrial septal defect, ventricular sep-
tal defect with Eisenmenger’s syndrome, and pul-
monary arteriovenous malformations.1 In the pres-
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