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Proteinuria

Our understanding of the importance of proteinuria as a
marker of renal disease is based on the observations of Bright,1
although the association of frothy urine with kidney disease
was first noted by Hippocrates.2

Protein is present in the urine of healthy people, so the
distinction between normal and pathological proteinuria is
quantitative rather than qualitative. A quarter to one half
of the non-dialysable solids in the urine consist of a variety
of different proteins; some originate from the plasma and are
filtered at the glomerulus, others are secreted locally within
the kidney. The amount of soluble protein in normal urine
ranges from 24 to 133 mg/24 hours.3 Shaw et al, using a
turbidimetric method with a quaternary ammonium salt,
report a value of 76 (SD 30) mg 24 hours in healthy
laboratory staff.3a

Increased amounts of protein in the urine may arise from
an increase in the concentration of plasma proteins, increased
glomerular permeability to proteins, defective tubular
reabsorption of filtered proteins, or abnormal secretion within
the urinary tract.4 Pathological processes may affect the
urinary excretion of individual proteins selectively, and
therefore estimates of total protein excretion may conceal
the precise physiological disturbance. Hence it is preferable
to measure specifically the urinary excretion of one or two
representative proteins rather than the total protein excretion.5

Albustix is a good screening test for proteinuria; the strips
are impregnated with tetrabromophenol blue buffered with
citrate at pH 3.5.6 The colour change is dependent on the
"protein error of indicators" principle: protein binds the
dye, causing a shift of the transformation range of the
indicator. Albumin is the principal dye binding protein in
urine, and therefore the Albustix reading correlates better
with albumin7 8 than with total protein concentrations.
Since it is the rate of protein excretion rather than the urinary
concentration that is more relevant in determining pathological
states, the sensitivity of this test depends on the rate of
urinary flow.
The best index of glomerular permeability is the sieving

coefficient of a protein which by virtue of its molecular size
and charge is just restrained by the filtration barrier in health;
albumin is the obvious choice. The sieving coefficient for
albumin (SA) is given by the ratio of its concentration in the
glomerular filtrate to that in plasma, ignoring the small amount
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of tubular reabsorption. The concentration of albumin in the
glomerular filtrate is derived from the urinary excretion rate
(UAV) divided by the glomerular filtration rate. Creatinine
clearance (Cc) suffices as an estimate of glomerular filtration
rate and is given by the urinary creatinine excretion rate (UcV)
divided by the plasma creatinine concentration (Pc). Thus the
sieving coefficient approximates to the albumin: creatinine
clearance ratio9 10: SA=UAV/(UCV/PC)PA=CA:CC, where
CA (albumin clearance)=UAV/PA.

Since the urinary flow rate term (V) cancels out, the sieving
coefficient can be estimated from a random sample of urine
and a coincident plasma sample: SA=(UA/PA)/(UC!PC).
The ranges of UA and Uc are much greater than of PA and

Pc, so that SA can be predicted with reasonable accuracy from
the urinary albumin: creatinine concentration ratio, UA:UC,
obviating the need for a blood sample.10
Another approach to the creatinine correction derives from

the observation that creatinine excretion rates are independent
of urinary flow rates and bear a reasonably constant relation
to body weight"-in children: UcV (mmol/kg/24 h)=
0 13 0004 x age in years (SD 0.026)12; in adults: UcV==020
(SD 0.03) mmol/kg/'24 h.
Thus the creatinine correction not only eliminates the need

for timed urine collections but also introduces a corr. ction
for body size, which is a particular advantage when
investigating children.'0 The upper limit of UA :UC in health
is about 10 mg:1 mmol (z 0 1 mg:1 mg); a figure of 100 mg:
1 mmol represents moderate albuminuria, and 1000 mg:1
mmol denotes heavy albuminuria, which is usually associated
with hypoalbuminaemia. As UcV=0 20 mmol/kg/24 h, a
figure for UA:UC of 100 mg:1 mmol is equivalent to a urinary
albumin loss of 14 g/24 h in a 70 kg adult. Urinary albumin
concentration can be measured specifically and simply by
single radial gel diffusion with a sensitivity of 10 mg/1, and the
method is well suited to routine use.'3
Shaw et al have related urinary total protein concentration

to creatinine concentration in healthy subjects and found a
"protein-creatinine index" (mg proteinl1 mmol creatinine/1
x 10) of62 (SD 29) in random urine specimens and 50 (SD 29)
in early morning specimens. There was little diurnal variation
and a good correlation between the protein-creatinine index
in random samples of urine and 24 hour urinary total protein
excretion.
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The proteinuria of patients with renal tubular disease is
qualitatively different from that associated with glomerular
disease.14 The major constituents are low molecular weight
a2 globulins and D globulins normally filtered at the glomerulus
and reabsorbed by the proximal tubule. Tubular proteinuria
may be recognised by electrophoretic analysis, but a simple
method is the measurement of a representative low molecular
weight protein such as lysozyme15 or f32 microglobulin16; the
latter may be a more sensitive marker, as there is selectivity
in tubular protein handling with preferential reabsorption of
cationic molecules such as lysozyme.17 By arguments analogous
to those above, the lysozyme: creatimine clearance ratio (CL :CC)
may be seen to be related to the proportion of filtered lysozyme
escaping proximal reabsorption and is increased some 100-fold
in the Fanconi syndrome.15 As with albumin, the urinary
lysozyme: creatinine concentration ratio (UL:UC) is sufficiently
accurate for most purposes, and is normally less than 1 mg:
1 mmol (z 10 fg:l mg). Renal tubular damage also results
in the release of tubular enzymes such as y-glutamyltrans-
peptidase and N-acetyl-D-glucosaminidase, whose urinary
activities may also be related to creatinine concentration.18
There are, therefore, considerable advantages in using

creatinine as a reference for the concentration of urinary
proteins, but the concept of total protein is ill defined,
particularly when this is within or near the normal range, and
it is preferable to measure one or two individual representative
proteins.
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Hypertension and wellbeing

No one now doubts the value of treating moderate to severe
hypertension, 2 and increasing evidence shows that treatment
is also worth while for mild hypertension, when it will prevent
stroke and myocardial infarction.3 4 The benefits of treating
these mild hypertensives at relatively low risk must, however,
be balanced against the adverse effects of detection and treat-
ment on their wellbeing.

Wellbeing is difficult to define precisely but the state en-
compasses the ability to perform one's normal occupation,
housework, hobbies, and leisure interests. Enjoyment of eating,
drinking, personal relations, social contacts, and sex are also
powerful contributors. Medical treatment that has an adverse
effect on any of these activities can be justified only if it has
unmistakable compensatory benefits for the patient. In treat-
ing mild hypertension there must be occasions when the bene-
fits are too small for the amount of misery caused.

Hypertension generally causes no symptoms and only those
patients with much raised pressures have headaches and other
complaints.) 6 Most studies show that the quality of life in
those with undiagnosed hypertension does not differ from that
of normal controls.7 Those who are aware of their condition,
however, are by no means always in a state of total wellbeing,8
suggesting that the act of labelling a patient as hypertensive
leads to a change in this state. Certainly absenteeism from work
is increased after patients are diagnosed as hypertensive9;
whether this is due to the patient feeling more justified in taking
time off work or to his feeling unwell is not known. By contrast,
however, in the Medical Research Council's trial of mild
hypertension psychiatric morbidity was no different between
hypertensives and normotensives at screening and furthermore
was reduced in those labelled hypertensive and followed up.10

Antihypertensive treatments all have side effects. Even non-
drug treatments such as low salt, high fibre, low fat diets, may
be poorly tolerated. Of the drugs, beta blockers produce sub-
jective side effects, including fatigue, cold extremities, broncho-
spasm, exacerbation of intermittent claudication, and vivid
dreams. Thiazides have more biochemical side effects including
impairment of glucose tolerance, hypokalaemia, and precipita-
tion of gout. An important finding in the Medical Research
Council's trial was that impotence occurred more frequently
with bendrofluazide than with propranolol.1" Drugs used for
more severe hypertension-hydralazine, nifedipine, captopril,
and minoxidil-cause correspondingly more frequent and
more serious side effects. Antihypertensive treatment may
also have more subtle effects on the quality of life which are
difficult to detect. A symptom questionnaire used by Bulpitt
et al12 compared treated patients with a normotensive popula-
tion. The hypertensive patients complained more of sleepiness,
postural hypotension, dry mouth, nocturia, slow walking pace,
impotence, and failure of ejaculation. In four fifths of these
patients the blood pressure was controlled so that it would be
difficult to attribute these symptoms to hypertension; the drugs
being used must be the prime suspects.
The assessment of wellbeing in patients is biased in that it

is usually based on observations made by the clinician. One
exception was a study by Jachuck et al" in general practice;
they questioned the doctors, patients, and the close relatives
about the patients' wellbeing after treatment. While the doctors
thought that symptoms were improved in all the patients, only
half of the patients said that they were improved and 8%
felt worse-and almost all the relatives thought that the patient
had deteriorated after receiving antihypertensive treatment.
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