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Abstract: Serum albumin concentration (C
P
) is a remarkably strong prognostic indicator of 

morbidity and mortality in both sick and seemingly healthy subjects. Surprisingly, the specifics of 

the pathophysiology underlying the relationship between C
P
 and ill-health are poorly understood. 

This review provides a summary that is not previously available in the literature, concerning 

how synthesis, catabolism, and renal and gastrointestinal clearance of albumin interact to bring 

about albumin homeostasis, with a focus on the clinical factors that influence this homeostasis. 

In normal humans, the albumin turnover time of about 25 days reflects a liver albumin synthe-

sis rate of about 10.5 g/day balanced by renal (≈6%), gastrointestinal (≈10%), and catabolic 

(≈84%) clearances. The acute development of hypoalbuminemia with sepsis or trauma results 

from increased albumin capillary permeability leading to redistribution of albumin from the 

vascular to interstitial space. The best understood mechanism of chronic hypoalbuminemia is 

the decreased albumin synthesis observed in liver disease. Decreased albumin production also 

accounts for hypoalbuminemia observed with a low-protein and normal caloric diet. However, 

a calorie- and protein-deficient diet does not reduce albumin synthesis and is not associated 

with hypoalbuminemia, and C
P
 is not a useful marker of malnutrition. In most disease states 

other than liver disease, albumin synthesis is normal or increased, and hypoalbuminemia reflects 

an enhanced rate of albumin turnover resulting either from an increased rate of catabolism (a 

poorly understood phenomenon) or enhanced loss of albumin into the urine (nephrosis) or 

intestine (protein-losing enteropathy). The latter may occur with subtle intestinal pathology 

and hence may be more prevalent than commonly appreciated. Clinically, reduced C
P
 appears 

to be a result rather than a cause of ill-health, and therapy designed to increase C
P
 has limited 

benefit. The ubiquitous occurrence of hypoalbuminemia in disease states limits the diagnostic 

utility of the C
P
 measurement. 
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Introduction
Albumin, the major serum protein, has multiple important physiological functions 

including maintenance of colloidal osmotic pressure, binding of a wide variety of 

compounds, and provision of the bulk of plasma antioxidant activity. Thus, a cor-

relation between serum albumin concentration (C
P
) and health might be expected. In 

fact, there is an astonishingly strong correlation between C
P
 and mortality risk. For 

example, post-surgical mortality in 54,000 Veterans Administration (VA) Hospital 
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patients increased quasi-logarithmically from <1% to 29% 

as the patients’ preoperative C
P
 declined from 4.6 g/dL to 

< 2.1 g/dL.1 In a wide variety of diseases, C
P
 is the serum 

analyte that best predicts a poor outcome.2,3 Serum albumin 

also predicts mortality in seemingly healthy individuals as 

evidenced by a study in which C
P
 was measured in 1.7 mil-

lion life insurance applicants.4 Over the ensuing 12 years, 

as shown in Figure 1, a clear-cut association was observed 

between mortality and C
P
 concentration for all ages and 

sex of applicants.4 However, this persuasive evidence of the 

importance of albumin to health is counterbalanced by the 

paradoxical observation that subjects with the rare hereditary 

condition of analbuminemia (C
P
 <0.1 g/dL) are relatively 

asymptomatic and have a normal life expectancy.5,6 This 

article provides a comprehensive review of the physiology 

and biochemistry of albumin, and the concluding section 

discusses the clinical aspects of serum albumin including the 

seemingly paradoxical observations concerning the relation-

ship of serum albumin to health. 

Physiological functions of albumin
Colloidal osmotic pressure
The molecular weight of albumin (66.5 kD) is less than half 

that of gamma globulin (160 kD); hence, the osmotic activity 

of albumin per gram would be predicated to be about 2.3 

times that of gamma globulin. In addition, the high negative 

charge of albumin does not bind but holds sodium ions in its 

field (Gibbs–Donnan effect), further increasing the intrinsic 

osmotic activity of albumin by about 50%. The net result is 

that albumin provides about 80% of the colloidal osmotic 

activity of normal plasma, and as C
P
 declines, increases 

in globulins are insufficient to maintain normal colloidal 

osmotic pressure.  

Binding function
Despite its strong negative charge, albumin binds a vast 

array of both positively and negatively charged compounds 

including hydrophobic organic anions such as bilirubin and 

long-chain fatty acids and divalent (but not monovalent) 

cations such as calcium and magnesium.7 Examples of other 

biologically important compounds bound by albumin are a 

wide variety of drugs, bile acids, copper, zinc, and even com-

pounds with specific serum binders such as vitamin D and 

thyroxin. Albumin binding reduces the free concentration of 

compounds, thus limiting their biologic activity, distribution, 

and rate of clearance. For some compounds, such as uncon-

jugated bilirubin, this binding is so avid that controversy 

exists as to how the liver is able to clear this compound at 

the observed rate of about 5 mL/minute.8

Antioxidant activity
Albumin provides >50% of the total antioxidant of normal 

plasma.9 This activity has been attributed to the abundant 

reduced sulfhydryl groups of albumin that have been shown 

to scavenge a variety of oxygen-free radicals including 

hypochlorous acid and nitric oxide. In addition to this inher-

ent antioxidant activity, albumin also binds unconjugated 

bilirubin, a potent antioxidant. This antioxidant activity is 

commonly assumed to be the mechanism responsible for 

the strong inverse correlation between plasma unconjugated 

bilirubin concentration and the morbidity and mortality of 

many disease states. 

Albumin homeostasis  
In the steady state, C

P
 is determined by the balance between 

albumin synthesis versus the sum of albumin removal 

by catabolic (C), renal (Re), and gastrointestinal (GI) 

processes:  
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Figure 1 Relationship of serum albumin concentration to relative risk of mortality 
for 50- to 69-year-old male life insurance applicants.
Notes: The dashed line indicates a relative risk of 1.0. The means and 95% confidence 
limits of relative mortality (medium follow-up of 12 years) are shown for groups of 
subjects with the mean serum albumin concentrations listed . Adapted from Fulks 
M, Stout RL, Dolan VF. Albumin and all-cause mortality risk in insurance applicants. 
J Insur Med. 2010;42(1):11–17. Copyright © 2010 Journal of Insurance Medicine.4
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The plasma clearance (Cl
P
) is the sum of the GI (Cl

GI
), urinary 

(Cl
Re

), and catabolic plasma clearance (Cl
C
). The “catabolic” 

component (Cl
C
) is defined as the poorly characterized frac-

tion of total clearance that cannot be accounted for by renal or 

GI clearance. In most diseases, negligible amounts of intact 

albumin are found in urine or stool, and therefore, the GI and 

renal clearance components are also associated with catabolic 

processes that are distinct from “catabolic” component in Equa-

tion 1. Each of the components in Equation 1 will be discussed 

in detail in the following sections. Since albumin has a relatively 

long turnover time of about 25 days (see “Albumin synthesis and 

clearance”), this steady state Equation 1 is a valid description 

of C
P
 only for the situation in which C

P
 is relatively constant for 

several weeks. For example, acute changes in albumin capillary 

permeability produce short-term reductions in C
P
 that are not 

described by Equation 1 and will be discussed in the “Acute, 

non-steady state shifts in albumin spaces” section. 

Despite extensive study, the mechanisms involved in 

albumin homeostasis are not fully understood. Maximal 

C
P
 levels are observed in healthy subjects, that is, there is 

no condition other than dehydration that might be termed 

“hyperalbuminemia.” This normal serum concentration is 

maintained by albumin synthesis/removal rates of about 

10.5 g/day (Table 1). Since normal renal and GI losses are 

less than 6% (see “Renal albumin clearance”) and 10% 

(see “Gastrointestinal albumin clearance”) of synthesis, 

respectively, at least 84% or 8.82 g/day of clearance is 

accounted for by the catabolic component (Cl
C
) (see 

“Albumin catabolism”). Albumin synthesis rate is thought 

to be regulated primarily by alterations in colloidal osmotic 

pressure rather than albumin concentration, per se, based 

primarily on measurements of albumin synthesis in the rat 

liver perfused with varying colloid osmotic pressure and 

albumin solutions.10,11   

An oft-stated concept is that the healthy liver can increase 

albumin synthesis by two- to three-fold in response to 

increased albumin turnover. Although such increases in syn-

thesis have occasionally been observed in disease states,12 we 

are unaware of data in normal humans to support this concept. 

A study of a single healthy volunteer who underwent daily 

plasmapheresis (500 mL of blood removed, with red cells 

reinfused) for 30 days was the only controlled study of the 

response of the healthy liver to increased albumin turnover.13  

An average of 9.7 g/day of albumin was removed by plasma-

pheresis (about 75% of the subject’s baseline rate of albumin 

turnover). The rate of albumin synthesis was determined from 

the rate of disappearance of labeled albumin before initiating 

plasmapheresis and then over the last 15 days of the plasma-

pheresis regimen when a steady state had been established 

presumably. The baseline albumin synthesis rate of 13.6 g/day 

increased to only 17.1 g/day during plasmapheresis, that is, 

the liver responded with only a 25% increase in albumin 

synthesis rather than the 75% increase needed to maintain 

normal albumin homeostasis. As a result, the subject’s C
P
 

declined from 4.45 g/dL at baseline to 3.64 g/dL after 4 weeks 

of plasmapheresis. Thus, in this one individual, the normal 

human liver did not respond to increased albumin turnover 

with a vigorous increase in synthesis, and what constitutes a 

“normal” response to a falling C
P
 remains to be determined. 

On another occasion, the same subject underwent infusion of 

10 g of albumin daily for 30 days. Albumin synthesis (mea-

sured over the last 15 days) decreased by only about 1 g/day, 

and the C
P
 concentration increased from 4.45 to 5.54 g/dL. 

Although oncotic pressure measurements were not made in 

these experiments, albumin plus gamma globulin account 

for the vast majority of plasma colloidal osmotic pressure. 

Since serum gamma globulin declined by about 40% during 

plasmapheresis and increased by about 8% during albumin 

Table 1 Selected normal values for serum albumin, absolute and fractional plasma synthesis rates, and plasma and total body distribution 
of albumin 

Reference Method Serum 
albumin 
(g/dL)

Absolute 
synthesis rate 
(mg/kg/day)

Plasma fractional 
synthesis rate  
(%/day)

Total albumin 
turnover 
time (day)

Plasma 
albumin 
mass (g)

Plasma/total 
albumin

92 131I PK 4.18 142 8.9 33 120 0.34
118 131I PK 3.7 134 8.57 33 101 0.35
118 131I urinary excretion 3.7 127 7.4 NR NR NR
119 131I PK 4.3 150 8.5 26 126 0.45
120 131I PK 4.31 185 9.6 25 130 0.42
121 125I PK 4.63 197 12.8 19 108 0.41
12 14CO3 precursor 4.5 239 13.4 NA NR NA
122 13C leucine precursor 4.7 157 7.2 NA 154 NA
123 13C leucine precursor 4.4 146 7.9 NA 143 NA

Note: 131I PK or 125I PK is steady-state tracer kinetics.
Abbreviations: NA, not available by this technique, NR, not reported.
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infusion, there should have been appreciable declines from 

normal in colloidal osmotic pressure during the course of 

plasmapheresis and increases during the albumin infusion. 

The failure to preserve the normal C
P
 concentration in these 

experiments suggests that the healthy liver was relatively 

unresponsive to colloidal osmotic pressure changes. Simi-

larly, the synthesis of albumin in hypoalbuminemic patients 

is seldom maximal (ie, two to three times normal); hence, it 

appears that the osmostat that is purported to regulate albu-

min synthesis and maintain normal albumin homeostasis is 

readily reset to permit hypoosmolality.  

Serum albumin routinely declines in almost every disease 

state in which it has been studied; hence, albumin has been 

termed to be a negative acute phase reactant. Excessive loss 

of albumin into the urine or gut has been demonstrated in 

only a small minority of patients with hypoalbuminemia 

(nephrosis and protein-losing enteropathy [PLE]), thus the 

low C
P
 usually results from decreased albumin production 

and/or increased albumin catabolism. Pinpointing the cause 

of hypoalbuminemia has clinical implications since manipu-

lations to increase albumin production such as nutritional 

support would be indicated for reduced synthesis. In contrast, 

treatment of the underlying condition is required to decrease 

albumin catabolism. Parsing out the relative roles of defective 

synthesis versus increased catabolism in hypoalbuminemia 

is a complicated process that has received little discussion.  

In order to determine whether a steady-state decrease in 

C
P
 results from decreased synthesis versus increased clear-

ance, it is necessary to measure the albumin synthesis rate. 

As can be seen from Equation 1, if, for example, the albumin 

synthesis rate is decreased 50% and clearance is unchanged, 

then C
P
 will also be reduced by 50%. Another expression 

that is used to describe the kinetics is the “plasma fractional 

synthesis rate,” which is the synthesis rate divided by the 

total plasma albumin (see Equation 4). Since the synthesis 

rate = (clearance) * C
P
 (Equation 1), if the only pathological 

change is a decrease in synthesis, with the clearance and 

plasma volume remaining normal, then C
P
 should be reduced 

by the same fraction as the synthesis rate and the plasma 

fractional clearance (=synthesis/[C
P
 V

P
]) will remain normal 

and unchanged. Table 2 lists various pathologic conditions, 

the steady state values of C
P
, the absolute albumin synthesis 

rate, the plasma fractional synthesis rate, and the total plasma 

albumin – all expressed as a fraction of the normal value. If 

the pathologic defect was simply a change in synthesis, with 

no change in clearance or volume of distribution, then the 

absolute synthesis and C
P
 should be changed by an identical 

fraction, and all the other parameters in the table should be 

unchanged (ie, =1, the normal value). This is not the case for 

most of the conditions listed in Table 1, indicating that the 

pathology is not just a change in albumin synthesis and both 

synthesis and clearance may be altered. For example, a 25% 

decrement in synthesis with a 50% reduction in C
P
 indicates 

that both decreased synthesis and increased clearance are 

responsible for half of the reduction in the C
P
.  

However, the aforementioned analysis does not take into 

account that both synthesis and catabolism should respond 

homeostatically to a falling C
P
. For example, albumin synthe-

sis has been observed to increase by at least twofold in PLE 

(Table 2) and the fractional catabolic rate decreases as C
P
 falls 

(see “Albumin catabolism”). It can be argued that a failure of 

synthesis to double in conditions with severe hypoalbuminemia 

indicates that a defective synthetic response is contributing to 

the low C
P
. Similarly, hypoalbuminemia is normally accom-

panied by a decline in albumin clearance, and maintenance of 

a normal rather than decreased clearance could be considered 

to be a contributory factor in hypoalbuminemia. The permuta-

tions of synthesis, clearance, and C
P
 in various disease states 

are explored in the subsequent sections of this review. 

Albumin synthesis and clearance
Measurement techniques
Two fundamentally different approaches have been used 

to measure human albumin synthesis and clearance. The 

first approach is based on the measurements of the plasma 

clearance (Cl
P
) of a bolus injection of a tracer of albumin. 

In the steady state, Cl
P
 × C

P
 must be equal to the albumin 

synthesis rate (Equation 1). Since albumin has a half time of 

about 17 days, this approach requires measurements of tracer 

albumin over 2–3 weeks during which it is assumed that there 

is a steady state. The second approach uses labeled albumin 

precursors to directly measure the liver albumin synthesis 

rate over a period of a few hours. This approach does not 

provide data on albumin clearance. The technical demands 

of these methodologies account for the surprisingly limited 

available information concerning albumin synthesis, most 

of which is summarized in the tables and figures presented 

in this review. The steady-state pharmacokinetic analysis 

(described in detail in the Supplementary materials) provides 

two fundamental pharmacokinetic parameters: the steady-

state albumin clearance (Clss) and volume of distribution 

(Vss), which can be related to the albumin synthesis rate and 

the total body albumin: 

	

Cl albumin synthesis rate C

V total body albumin C

ss
p
ss

ss
p
s

=

=

( ) /

( ) / ss

 
	 (2)
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Table 2 Human pathological albumin fractional turnover, absolute synthesis rates, and albumin plasma and total body distribution

Reference Method Serum 
albumin 
(fraction 
normal) 

Absolute 
synthesis 
(fraction 
normal)

Plasma 
fractional 
synthesis 
(fraction 
normal) 

Total albumin 
turnover 
time (fraction 
normal)  

Plasma 
albumin 
mass 
(fraction 
normal)

Plasma/
total 
albumin 
(fraction 
normal)

Comments

Liver disease
131 131I PK 0.68 0.78 NR 1.21 NR NR
118 131I PK 0.84

0.88
0.7
0.68

0.69
0.75

1.28
1.26

1.08
1.01

1.13
1.13

No diuretics
Diuretics

120 131I PK 0.62 0.56 0.72 1.47 0.7 0.87
123 13C leucine 0.84 0.81 1.0 NA NR NA Mild disease
132 2H phenylalanine 0.79

0.51
2.23

0.7
0.34
0.25

0.76
0.44
0.57

NA
NA
NA

0.75
0.73
0.53

NA
NA
NA

Child–Pugh A
Child–Pugh B
Child–Pugh C

133 14CO3 precursor 0.8
0.83

0.66
1.02

0.68
0.97

NA
NA

0.71
0.75

NA
NA

Acute hepatitis
After recovery

134 14CO3 precursor 0.63 
0.67

0.59
1.13

0.72
1.34

NA
NA

0.66
0.67

NA
NA

Before treatment
13 day course prednisolone

Kwashiorkor, 1- to 2-year-old infants, ratio of before/after nutritional treatment
24
25

125I urine and fecal 
excretion

0.65
0.75

0.43
0.73

NA
NA

NA
NA

NA
NA

NA
NA

Rheumatoid arthritis
135 14CO3 0.65 0.83 0.86 NA 0.65 NA
Chronic congestive heart failure and weight loss
136 14CO3 0.69 0.91 1.57 NA NR NA
Chronic renal failure
137 14CO3 precursor 0.88 0.99 0.89 NA 1.1 NA
121 125I PK 0.80 1.03 0.91 0.97 1.09 1.16 Continuous peritoneal dialysis
Chronic renal failure: comparison of patients with upper and lower quartile CP

41 125I PK 0.91
0.7

1.0
0.79

1.0
1.0

NR
NR

1.0
0.7

1.0
1.0

Upper CP

Lower CP

Chronic renal failure: individual sequential measurements before and after fall of CP from normal value
40 125I PK 1.0 1.0 1.0 NR 1.0 1.0 Normal CP

0.88 0.84 1.0 NR 0.84 1.0 After fall
Hypertension
37 131I PK 1.03 1.54 1.71 0.59 0.89 1.02
Acromegaly, increased growth hormone
38 131I PK 1.0 1.63 1.6 0.68 1.0 0.93
Inflammatory disease (4 patients: pyelocystitis, abscess, endocarditis, pulmonary embolism
138 14CO3 0.61 0.75 1.03 NA 0.62 NA
Cachetic cancer patients with acute-phase protein response
139 [2H5]-phenylalanine 0.76 1.08 1.35 NA 0.66 NA
Severe head trauma
140 13C leucine 0.82 1.46 1.56 NA NR NA
Critically ill ICU patients
141 [2H5]-phenylalanine 0.7 2.24 2.75 NA NR NA Misc, sepsis, bleeding, shock, etc
Albumin synthesis during laparoscopic cholecystectomy: cholecystitis vs elective surgery
142 [2H5]-phenylalanine 0.8 1.31 1.44 NA NA NA Cholecystitis
Wiskott–Aldrich syndrome
42 131I PK 0.93 2.06 1.9 0.52 2.0 1.0 5 children
Nephrotic syndrome adults
56 131I PK 0.38 1.21 3.1 0.28 0.38 1.22
57 125I PK 0.42

0.41
1.2
0.89

3.09
2.13

0.27
0.4

0.55
0.46

1.21
1.31

High protein diet
Low protein diet

143 13C leucine 0.66 1.47 2.32 NA 0.61 NA
Protein-losing enteropathy
61 131I PK 0.67 1.56 NR 0.56 0.9 1.04 Regional enteritis and ulcerative colitis
12 14CO3 precursor 0.63 2.66 3.27 NA 0.60 NA Miscellaneous
64 14CO3 precursor 0.5 1.42 3.0 NA 0.52 NA Intestinal lymphangiectasia

Notes: All the results are presented as the fraction of the reported normal control values. 131I PK and 125I PK, pharmacokinteic study using tracer 131I or 125I labeled albumin.
Abbreviations: CP, serum albumin concentration; misc, miscellaneous; NA, not available by this technique, NR, not reported.
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where C
p

ss is the steady-state C
P
 concentration. The “total 

turnover rate” and “turnover time” can also be related to 

Clss and Vss:  

	

Total turnover rate Cl /V

Turnover time Total turnover rat

ss ss=
=1/ ( ee) 	 (3)

Although this approach has the experimental disadvantage 

that it requires the assumption of a steady state over 10–15 

days to accurately determine Clss and Vss, it is the only tech-

nique that directly assesses total albumin clearance. 

The alternative approach that directly measures albumin 

synthesis utilizes an entirely different set of assumptions. 

This technique involves the infusion of a labelled albumin 

precursor with measurement of the appearance of labelled 

albumin in the plasma over the ensuing 1–5 hours. The major 

experimental advantage of this method is that long-term mea-

surements are not required and the theoretical advantage is 

that there is no steady-state assumption. Thus, this technique 

can be used to measure synthetic rates over short periods, 

such as after a meal or in patients with a fluctuating clinical 

course. A number of different precursors have been used, and 

various techniques are summarized in the Supplementary 

materials. This approach, which provides a direct measure-

ment of the fraction of intravascular (ie, plasma) albumin 

synthesized per hour (the “plasma fractional synthesis rate”), 

has now become the standard measure of albumin synthe-

sis. Fractional synthesis is related to the plasma albumin 

clearance (Cl
P
, Equation 1) and plasma volume (Vp) by the 

relation:

Plasma fractional

synthesis rate albumin synthesis rate V C
P P

= ( ) / ( ))

( ) /⇒Cl plasma fractional synthesis rate V
P p

= � (4)

The albumin synthesis rate is determined from Equation 4 

with the plasma volume (V
P
) measured by some technique 

such as 125I albumin distribution. Since this technique does 

not provide any direct information about total body albumin, 

it cannot be used to measure total albumin turnover. 

Synthesis of albumin in healthy subjects  
Table 1 summarizes most of the reported measurements 

of normal human albumin catabolism or synthesis as well 

as the plasma and total body albumin, using the afore-

mentioned techniques. Total body albumin is about 280 g, 

roughly 3% of the total body protein of 10 kg. About 40% 

of albumin is intravascular (Table 1) with the remaining 

60% distributed in the interstitial albumin space of vari-

ous organs (primarily muscle, adipose tissue, connective 

tissue, and skin) with an average interstitial concentration 

of about 60%–70% of that of plasma.14,15 The absolute 

synthesis rate is about 150 mg/kg/day or 10.5 g/day for 

a 70 kg human. Thus, roughly 8.5% of plasma albumin 

and 4% of the total body albumin are synthesized each 

day, corresponding to a total body albumin turnover time 

(Equation 3) of about 25 days or a half-time of 17.3 days. 

Compared to other circulating proteins, this turnover time 

is shorter than that of hemoglobin (life span 120 days), 

similar to that of gamma globulin, and much longer than 

that of many serum enzymes (lipase, amylase, etc) that 

have half-times of several hours. While albumin comprises 

only about 3% of total body protein, albumin turnover 

(150  mg/kg/day) represents about 19% of the total rec-

ommended dietary protein allowance of 800 mg/kg/day,16 

indicating that albumin turnover is far more rapid than the 

average body protein.

Table 3 summarizes the reported measurements of various 

manipulations on the rate of albumin synthesis by healthy 

subjects. These observations utilize the acute precursor 

albumin synthesis technique discussed earlier, which should 

provide accurate assessment of the synthesis over 1–2 hour 

periods. The first three entries describe the result of a 14- to 

28-day low-protein, isocaloric diet. Given that normal albu-

min synthesis rate is about 10.5 g/day of protein, it is not sur-

prising that albumin synthesis fell by 20%–65% in response 

to administration of a very low protein (eg, 10 g/day), iso-

caloric diet (Table 2). It is important to note that the caloric 

intake was maintained at normal values in these studies. As 

discussed in “Albumin synthesis and protein malnutrition”, 

there is a strong evidence that when both protein and calories 

are restricted (ie, starvation), C
P
 and, presumably, albumin 

synthesis remain close to normal because the breakdown 

of body protein to provide energy releases sufficient amino 

acids to maintain normal albumin synthesis. 

The next four entries in Table 3 indicate that there is a 

20%–90% increase in the rate of albumin synthesis follow-

ing a meal. As discussed by De Feo et al,17 this increase in 

albumin synthesis represents about 28% of the total increase 

in protein synthesis observed following a meal. Since albu-

min comprises only about 3% of total body protein, albu-

min synthesis is more responsive to oral administration of 

nutrients than is the average body protein, suggesting that 

albumin may serve as an important, but limited, storage site 

for body protein. The stimulus for this post-cibal increase 

in albumin is poorly understood. It is not simply the result 
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of increased amino acid availability since the intravenous 

infusion of amino acids has no significant effect on albumin 

synthesis18 (Table 3).  

The induction of mild acidosis (pH =7.3) in normal sub-

jects by a 7-day NH
4
Cl infusion produces a 20% decrease 

in albumin synthesis19 (Table 3). This may be clinically sig-

nificant because hypoalbuminemia is a common correlate of 

chronic renal disease, and acidosis has been suggested to be 

a possible causative factor.20 The last two entries in Table 3 

indicate that infusion of several stress-related hormones 

(epinephrine + cortisol + glucagon)21 or endotoxin22 acutely 

increased albumin synthesis of healthy subjects.

Albumin synthesis and protein 
malnutrition
There was a general consensus in the older literature that 

hypoalbuminemia was an indicator of malnutrition1,20 and 

C
P
, along with other hepatically synthesized proteins such 

as pre-albumin, is used to evaluate nutritional status.23 

However, it has now been convincingly established that C
P
 

poorly correlates with nutritional status and should not be 

regarded as a good marker of malnutrition.20 The classical 

example of a strong correlation between hypoalbuminemia 

and malnutrition is the kwashiorkor syndrome produced by 

a low protein, normal calorie diet in infants and children. 

As shown in Table 2, low C
P
 in these children is associated 

with a low albumin synthesis rate, both of which are reversed 

after 1–3 months of nutritional therapy.24,25 This is consis-

tent with the 20%–65% reduction in C
P
 following a 14- to 

28-day feeding of a low protein, isocaloric diet (Table 3). 

However, these examples represent special cases in which 

there is a marked reduction of protein intake in the presence 

of normal caloric intake and are not representative of general 

malnutrition. As reviewed by Friedman and Fadem,20 C
P 
does 

not fall appreciably during a 6-month near-starvation diet 

or in cases of chronic anorexia nervosa. Presumably, during 

caloric starvation, protein released from tissue turnover, 

for example, muscle breakdown, is sufficient to maintain 

a normal C
P
.

As has been emphasized in the “Introduction” section, 

hypoalbuminemia is strongly correlated with surgical mor-

tality1 and is one of the strongest indicators of a high risk 

for post-surgical morbidity.26 These correlations led to the 

prediction that improvements in nutrition that raise the albu-

min level would improve the adverse prognosis associated 

with hypoalbuminemia. However, this prediction could not 

be confirmed in a number of controlled studies designed to 

test the relationship between nutritional supplementation, 

C
P
 and clinical status. For example, preoperative parenteral 

nutrition (PN) in hypoalbuminemic subjects resulted in no 

Table 3 Acute changes in albumin synthesis rates in normal human subjects

Reference Method Serum albumin 
(fraction control)

Absolute synthesis 
(fraction control)

Plasma fractional synthesis 
(fraction control) 

Comments

Low-protein, isocaloric diet
124 15N glycine precursor 1.0 0.75 0.75 14 days, 28 g protein/day 
125 131I PK 0.63 0.8 0.59 4 weeks, 10 g protein/day
126 125I PK 0.9 0.35 0.6 5 weeks, 10 g protein day
Postabsorptive vs fasting basal
127 14C leucine NR 1.46 NR Normal subjects

NR 1.03 NR Cirrhotic subjects
17 14C leucine NR 1.9 1.92
128 [2H5]-phenylalanine NR 1.2 1.22 Young subjects
129 [2H5]-phenylalanine NR 1.32 NR
12 hours IV infusion nutrient solution mixture (106 g amino acids) 
18 [2H5]-phenylalanine NR NR 1.07
Insulin withdrawal in type I diabetics
130 14C leucine 1.0 NR 0.7 Insulin withdrawal
Metabolic acidosis (7 days, 4.2 mmol NH4Cl/kg/day ingestion)
19 [2H5]-phenylalanine 0.97 NR 0.81 Serum pH =7.303
2 hours following IV endotoxin
22 [2H5]-phenylalanine 0.95 NR 1.39
6 hours infusion of stress hormones (epinephrine, cortisol, and glucagon)
21 [2H5]-phenylalanine NR NR 1.02 At 6 hours

NR NR 1.17 At 18 hours

Note: Values are expressed relative to control.
Abbreviations: IV, intravenous; NR, not reported.
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significant improvement in surgical mortality.26–29 Similarly, 

PN in critically ill patients did not alter mortality rates.29 

Hypoalbuminemia in chronically ill patients does not seem 

to be altered by nutritional modifications. For example, 

21 days of total PN in oncology patients30 or 3 months of 

dietary protein supplementation in hepatic encephalopathy 

patients31 had no effect on C
P
. Because of these and other 

results, C
P
 is no longer considered a good marker of mal-

nutrition, and a 2012 consensus statement of the Academy 

of Nutrition and Dietetics about the identification of adult 

malnutrition concluded that C
P
 does not “consistently or 

predictably change with weight loss, calorie restriction, or 

nitrogen balance.”32  

Albumin synthesis in hepatic diseases 
Table 2 summarizes the available measurements of C

P
 versus 

albumin synthesis rates in various human pathological condi-

tions. By far the best characterized cause of hypoalbuminemia 

is liver disease. The first seven entries list the average reported 

values in patients with chronic and acute liver disease. Figure 

2 shows a plot of the C
P
 versus liver synthesis rate for the 

individual subjects in these reports. C
P
 varies over a relatively 

small range, for example, only 7.8% of C
P
 values were less 

than half the normal value (ie, <2.25 mg/dL). The solid line in 

Figure 2 is the least squares fit to the data. It can be seen that 

the reduction in C
P
 concentration is roughly proportional to the 

reduction in liver synthesis rates, indicating that plasma albu-

min clearance (Cl
P
) remains normal in liver disease (Equation 

1). As discussed in “Gastrointestinal albumin clearance”, this 

normal Cl
P
 could represent a decrease in Cl

C
 balanced by an 

increase in GI clearance (Cl
GI

). 

A measure of the relationship between liver excretory 

function and C
P
 in liver disease is provided by a plot of Cp 

versus the clearance of exogenously administered compounds 

that are removed solely and rapidly by the liver. Figure 3 

shows a summary plot of a total of 114 measurements of C
P
 

versus the clearance of antipyrine,33–35 indocyanine green,34 

and aminopyrine36 in subjects with chronic liver disease. The 

solid line in Figure 3 indicates the predicted relationship if the 

decline in albumin synthesis (and the corresponding C
P
) was 

proportional to the decrease in clearance of these markers. 

Almost all the measurements fall below this line, indicating 

that liver clearance was decreased to a greater extent than is 

C
P
. Several different factors possibly contribute to this result: 

1) the synthesis of albumin is inherently less inhibited by 

disrupted liver biochemistry than are drug detoxification 

reactions; 2) low C
P
 specifically stimulates liver albumin 

synthesis which, therefore, is decreased less than the overall 

liver function; and 3) albumin Cl
C
 (Cl

C
 in Equation 1) is 

decreased when C
P
 is decreased (see “Albumin catabolism”). 

Finally, C
P
 is preserved to a greater extent than the excretory 

function of the cirrhotic liver.  

Albumin synthesis in extrahepatic 
diseases
As emphasized in the “Introduction,” relatively small 

decreases in C
P
 are strongly correlated with prognosis in 

a wide variety of extra hepatic diseases. Table 2 lists the 
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Figure 2 Plot of albumin synthesis versus serum albumin (both normalized to the normal values) for subjects with acute and chronic liver disease.
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averages of measurements of albumin synthesis and C
P
 for 

three chronic diseases not obviously associated with liver 

disease (rheumatoid arthritis, congestive heart failure, and 

chronic renal failure). In each case, the reduction in C
P
 was 

greater to some extent than the corresponding reduction in 

albumin synthesis, suggesting that one or more of the clear-

ance (Cl) terms in Equation 1 are increased. However, the dis-

parities between Cp and synthesis were relatively small, and 

given the large variability of the data, conclusions concerning 

increased albumin catabolism are speculative. Friedman and 

Fadem20 have extensively reviewed the hypoalbuminemia of 

chronic renal failure and have concluded that although it is 

a “clinical index of illness,” its specific cause is unknown.  

Table 2 describes the pharmacokinetics for hypertensive37 

and acromegalic38 subjects, both of whom have a normal 

C
P
 and, surprisingly, a significantly increased synthesis rate 

of about 1.6 times normal. The increased synthesis in the 

acromegalics may be a function of the hepatomegaly in 

these subjects38 and not of growth hormone itself which, in a 

short-term study, does not alter albumin synthesis.39 Both the 

conditions also have an increased albumin capillary perme-

ability and, therefore, increased rates of recirculation between 

the blood and interstitial space, and Parving et al37 suggest 

that this might be associated with an increased catabolic 

rate. Independent of the cause of the increased synthesis, the 

finding of an increased synthesis and normal C
p
 can only be 

explained by an increased Cl
P
 (Equation 1). 

In the older literature, the most common explanation for 

the hypoalbuminemia seen in various human diseases was 

that cytokines such as tumor necrosis factor or interleukin 6 

inhibited hepatic synthesis of albumin.2 Although this hypoth-

esis is supported by a large number of animal studies, there 

is only limited evidence for this in humans. Table 2 lists the 

measurements of C
P
 and albumin synthesis for five condi-

tions that may be in this “acute-phase” category: 1) patients 

with miscellaneous “inflammatory” diseases; 2)  cachectic 

cancer patients with acute-phase protein response (ie, 

increased C-reactive protein); 3) severe head trauma patients; 

4) critically ill intensive care unit patients; and 5) cholecystitis 

patients during laparoscopic surgery. The albumin synthesis 

rate was not reduced to the extent of the C
p
 in any of these con-

ditions, and in most situations synthesis was actually increased 

above normal. Taken at face value, these data indicate that an 

increase in albumin clearance rather than decreased albumin 

synthesis is the dominant factor inducing hypoalbuminemia 

in these varied conditions. However, the decreased C
P
 in 

these diseases may be a result of an acutely increased rate of 

albumin loss from the vascular space, and this decrease in C
P
 

might then stimulate the observed increased liver synthesis. 

For these reasons and because of the large variability of both 

C
P
 and albumin synthesis in the heterogeneous pathologies 

listed in Table 2, it is difficult to establish a definite correlation 

between C
P
 and albumin synthesis.

The strongest evidence that decreased synthesis may 

be the primary pathologic factor for the decrease in C
P
 is 

provided by the studies by Kaysen et al40,41 in renal failure 

patients on dialysis. Comparing groups of these patients with 

high C
P
 (upper quartile) versus those with low C

P
 (lower 
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Figure 3 Plot of the clearance of antipyrine (black), indocyanine green (red), or aminopyrine (blue) versus serum albumin (normalized to the normal value).
Notes: The solid line is the expected relationship if clearance is proportional to serum albumin. Data from references 33–36. 

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of General Medicine 2016:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

238

Levitt and Levitt

quartile), the fractional decrease in C
P
 is nearly identical 

to the decrease in absolute synthesis41 (Table 2), consistent 

with decreased synthesis as the primary cause of the low 

C
P
, with no significant change in plasma albumin clearance 

(see discussion of Equation 1 in “Albumin homeostasis”). 

More convincing support for this was provided by sequential 

measurements of albumin synthesis in individual patients 

before and after a fall in C
P
.40 Again, the decrease in C

P
 

could be quantitatively explained by a decrease in synthesis 

with no significant change in either albumin clearance or the 

volume of distribution (Table 2). If the pathology is a pure 

decrease in synthesis, then the fractional synthesis rate should 

be unchanged, and as shown in Table 2, this is the case for 

these two studies. Furthermore, the fall in C
P
 was strongly 

correlated with the increases in serum inflammatory markers 

interleukin-6, C-reactive protein, and α1 acid glycoprotein. 

Thus, at least in renal failure patients, there is evidence that 

C
P
 is determined primarily by the rate of liver albumin syn-

thesis, and this synthesis is decreased in inflammatory states.

The inclusion of patients with Wiskott–Aldrich syndrome 

(X-linked eczema thrombocytopenia immunodeficiency syn-

drome) in Table 2 illustrates the rare example of a condition 

with a high albumin turnover (twice normal) with a normal 

C
P
 and no obvious reason for the increased turnover. Since 

GI albumin loss was only slightly increased and there was 

no albuminuria, it was concluded that the increased turnover 

was a result of “hypercatabolism.”42 Although this disease 

might provide a clue about the relatively poorly understood 

factors involved in the catabolism of albumin (see “Albumin 

catabolism”), this observation has not been followed up, and 

there is no obvious connection between the genetic defect in 

Wiskott–Aldrich and albumin catabolism.43 

The last six entries in Table 2 are for conditions in which 

the low C
P
 is associated with a documented increase in renal 

(nephrotic syndrome) or GI (regional enteritis and ulcerative 

colitis or PLE) clearance. The increased albumin loss is 

partially offset by a fractional increase in albumin synthesis 

varying from 1.47 in nephrotic syndrome to a high of 2.66 

times normal in PLE. These results will be discussed in more 

detail in the following sections on urinary and GI clearance.

Renal albumin clearance
Albumin excretion in the urine, which is easily quantitated, 

is normally <20 mg of albumin/day44,45 (<0.2% of the nor-

mal daily 10.5 gm albumin turnover). However, urinary loss 

underestimates the potential of the kidney to clear albumin 

since the proximal tubule cells take up filtered protein, which 

is hydrolyzed in the lysosomes with the amino acids returned 

to the plasma.46–48 This tubular uptake is an active process 

involving the specific albumin-binding proteins megalin and 

cubilin48 and is blocked in cubulin-deficient mice.49 Since 

all filtered albumin is excreted or catabolized, kidney is the 

one organ in which albumin catabolism could be quantitated, 

assuming the glomerular filtration of albumin is known. 

This filtration rate is a function of the glomerular sieving 

coefficient of albumin, which cannot be directly measured 

in humans. The most recent micropuncture measurements 

in rats suggest that the sieving coefficient is about 0.0005 of 

that of a freely filtered compound such as creatinine.48,50,51 

Extrapolating this seemingly small sieving coefficient to 

humans (glomerular filtration rate =120 mL/min, C
P
 =4.5 

g/dL) yields an albumin clearance of 3.9 g/day. This value, 

which represents 37% of the total human albumin clear-

ance of 10.5 g/day, is likely to be an overestimate in that the 

proximal tubule sample is readily contaminated with serum 

protein during micropuncture.50 A much lower estimate is 

obtained if it is assumed that there is no proximal tubule 

albumin uptake in cubilin-deficient mice, that is, all the 

filtered albumin appears in the urine. Extrapolating from 

the sixfold increase in urine albumin observed in cubilin-

deficient mice to humans yields an estimate of 0.18 gm/day, 

only 1.7% of total albumin turnover.50 Another estimate is 

based on the measurements of urine albumin in patients with 

Fanconi syndrome, which represents a human “knock-out” of 

renal tubular protein reabsorption. If all the filtered albumin 

appears in the urine in these subjects, the glomerular sieving 

coefficient52 is 7×10–5 corresponding to a total renal albumin 

clearance of about 0.6 g/day or 5.7% of total albumin syn-

thesis. A maximal possible value of Cl
Re

 is provided by the 

measurement of total albumin clearance in a subject with 

analbuminemia. As discussed in the “Albumin catabolism” 

section, the total clearance falls as C
P
 falls because the Cl

C
 is 

decreased. Tracer measurements using 131I-labeled albumin 

in one analbuminemic subject indicate that the total albumin 

clearance is reduced by a factor of about 6%–16% of normal.5 

Assuming that the Cl
C
 is reduced to zero in this subject (an 

overestimate) and the Cl
GI

 is normal (≈10%), the renal clear-

ance must be <6% of the total normal albumin synthesis rate. 

In summary, in normal adults, the kidneys contribute prob-

ably no more than about 6% of the total albumin turnover, 

and this contribution is almost entirely “catabolic” with no 

significant intact albumin being secreted in the urine.  

The best studied condition in which there is an enhanced 

albumin turnover is the “nephrotic syndrome” which is defined 

as any condition in which there is >3.5 g/day of urinary pro-

tein excreted.53 Since the bulk of this protein is albumin, this 

minimum protein loss represents an appreciable fraction, 

3.5/10.5 or 30% of the normal rate of albumin turnover, and 
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this loss does not account for the increased renal catabolism 

as a result of increased delivery of filtered albumin to the 

proximal tubule. In addition, the GI albumin clearance in 

nephrotic syndrome patients varies from negligible in about 

half of the patients54 up to values of about 3.5 g/day.55 Thus, 

nephrotic syndrome should induce a severe strain on albumin 

synthetic capacity of the body if the C
P
 were to remain normal.  

Two studies have reported both the urine albumin excre-

tion and the total steady state albumin synthesis in a series 

of nephrotic syndrome patients with varied diagnoses and 

no obvious liver disease56,57 (Table 2). The data for the 

42 subjects in these two studies are plotted in Figures 4 

and 5. Figure 4 shows a plot of urinary albumin excretion 

versus either the albumin synthesis rate normalized for the 

control rate (red circles) or the fraction of total synthesis 

represented by urinary excretion (black circles). As might 

be expected, albumin synthesis increased with increasing 

loss of albumin in the urine, that is, as the urine albumin 
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excretion in a series of nephrotic syndrome patients with varied diagnoses and no obvious liver disease.
Note: Experimental data from references 56 and 57.
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excretion rate increased to a maximal value of 0.24 g/kg/day 

(16.8 g/day/70 kg), total albumin synthesis approximately 

doubled, increasing by about 0.16 g/kg/day (red points) and 

the total urine albumin excretion increased to about 78% of 

the total synthesis rate (black points). Figure 5 shows a plot 

of the same two variables versus C
P
. It is usually assumed that 

the major factor controlling albumin synthesis is a decrease in 

C
P
 (or, equivalently, colloid osmotic pressure).2  If this were 

the case, the rate of synthesis should be inversely proportional 

to C
P
. However, as seen in Figure 5 (red points), the rate of 

synthesis is relatively independent of C
P
. Thus, synthesis is 

responsive to the loss of albumin in the urine (Figure 5), 

but this responsiveness does not appear to be mediated by 

a falling C
P
 concentration. One possible explanation is that 

the rate of synthesis is maximally turned on at all the C
P
 

values in Figure 5 and cannot be further increased as C
P
 falls. 

However, the synthesis increases by an average factor of only 

1.2 for these nephrotic syndrome patients, much less than 

the average increase of 2.66 observed in patients with PLE 

(Table 2), indicating that much larger increases should be pos-

sible. Perhaps these nephrotic syndrome patients have some 

underlying disease or other factor that limits the potential 

increase in liver albumin synthesis. Another explanation 

would be that the excretion of albumin in the urine creates a 

drain of body protein, whereas most of the protein lost into 

the gut is hydrolyzed to amino acids and reabsorbed so that 

there is no nutritional deficiency. 

There is a puzzling observation related to the effect of 

changes in dietary protein in nephrotic patients. Kaysen et al 

have shown that although increasing dietary protein increases 

albumin synthesis in both rats58 and humans,59 it also 

increases albuminuria by a corresponding greater amount, so 

that C
P
 actually decreases with the increased dietary protein. 

The authors discuss various possible explanations for this 

paradoxical result, with no definite conclusions.  

Gastrointestinal albumin clearance
PLE describes a diverse group of diseases that have an 

increased GI albumin clearance in common.60 These condi-

tions range from those that 1) specifically alter intestinal 

mucosal histology (Crohn’s disease, celiac disease, or 

Menetrier’s disease) or 2) induce anatomical changes in the 

mucosa as part of a systemic disease (Karposi’s sarcoma, 

sarcoidosis, or toxic shock syndrome) or 3) alter intestinal 

epithelium permeability while the epithelium remains 

grossly intact (increased lymphatic pressure in congestive 

heart failure, portal hypertension, or intestinal lymphangi-

ectasia).60 Various techniques have been used to determine 

the rate of GI loss or clearance (Cl
GI

,
 
Equation 1) of systemic 

albumin. The first suggestion that hypoalbuminemia could 

result from increased Cl
GI

 was based on the measurements 

of the fraction of an intravenous dose of 131I-polyvinylpy-

rolidine (PVP) that appeared in a 4-day stool collection.61 

Patients with regional enteritis or ulcerative colitis excreted 

about 5% of the intravenous 131I-PVP dose in their stool, 

roughly 10 times the normal value. Unfortunately, 131I-PVP 

measurements provided only qualitative information since 

PVP has a heterogeneous size distribution (mean molecular 

weight about 40 kD), and the gut clearance is not representa-

tive of albumin (molecular weight of 68 kD).61

The gold standard method to quantitate intestinal protein 

loss involves measurement of the 4-day fecal 51Cr excretion 

following intravenous infusion of 51Cr-albumin as described 

by Waldmann.62 Since Cr is neither absorbed nor secreted by 

the GI tract, stool Cr provides a quantitative measure of the 
51Cr that leaks into the gut attached to albumin. Measurements 

are conventionally carried out on a 4-day stool collection.62 

Since serum 51Cr disappears with a relatively fast and indi-

vidually variable half time of about 5 days,63 and the stool col-

lection is for 4 days, fecal clearance measurements are only 

semiquantitative unless corrected for the falling 51Cr-albumin 

serum concentration (which is not routinely performed). 

The mean 4-day fecal excretion for normal controls, about 

0.23% of injected 51Cr (upper limit of normal =0.7%), rises 

markedly in various conditions with values as high as 10% 

(40-fold elevation over normal) observed in patients with 

intestinal lymphangiectasia. 

In a Herculean study, Waldmann et al63 measured the 
51Cr-albumin GI loss in 180 subjects and 50 controls (normal 

C
P
 and no evidence of GI disease), and 130 subjects were 

“selected because they had significant hypoalbuminemia that 

could not be explained on the basis of either liver disease 

or proteinuria”. The hypoalbuminemic patients had vari-

ous conditions – some with obvious GI pathology such as 

intestinal lymphangiectasia, Whipple’s disease, sprue, and so 

on and some for which the intestinal involvement was more 

indirect such as cardiac disease, amyloidosis, and cystic 

fibrosis. Figure 6 shows a plot of C
P
 versus 51Cr lost in the 

GI tract (% of dose in feces/4 days) for the controls and all of 

the hypoalbuminemic subjects. Despite the semiquantitative 

nature of the fecal loss measurements and the likelihood that 

C
p
 could be influenced by factors other than fecal albumin 

loss, a remarkably good correlation was observed between 
51Cr-albumin GI loss and C

P
. Nearly all patients with a C

P
 

<2.5 g/dL lost >6% of the dose/4 days in the stool (26 times 

normal). In a subset of 70 hypoalbuminemic subjects, 
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125I-albumin clearance measurements showed that the 40% 

with stool 51Cr in the normal range (<0.7%) had normal 

rates of plasma albumin fractional synthesis (=V
P
 Cl

P
;
 
see 

Equation 4). Of the remaining 60% who had increased stool 
51Cr, 81% had an increased rate of plasma albumin fractional 

synthesis. 

In a subset of 31 of the subjects with increased GI excre-

tion (all with hypoalbuminemia), the Cl
GI

 was further quan-

titated by relating the measurements of the 51Cr collected in 

daily stool samples over 9 days to the daily measurements 

of the serum 51Cr-albumin. In normal controls, the average 

clearance was 13 mL of plasma/day, about 6% of the total 

normal albumin turnover rate. Figure 7 shows the remarkable 

correlation (slope of regression line 1.02) between the % of 

plasma albumin degraded (or synthesized) per day (=V
P
 Cl

P
) 

versus the % of plasma albumin cleared in the GI tract per day 

(=V
P
 Cl

GI
). This result demonstrates that the increased rate of 

plasma fractional clearance was entirely accounted for by the 

increases in GI excretion (Cl
GI

) with the other two clearance 

terms in Equation 1 (Cl
Re

 and Cl
C
) remaining normal and 

unchanged. In addition, the excellent correlation also speaks 

for the accuracy of both the measures of clearance. Unfor-

tunately, individual subject data were not provided in this 

study. It would be of interest to know the specific diagnoses 

of these 31 patients. Also, since the values of C
p
 were not 

reported, it is not possible to directly determine the absolute 

albumin synthesis rates. A rough estimate of the synthesis 

rate is provided from the following calculation. The subjects 

with an intermediate rate of Cl
GI

 (eg, 15%/day) synthesize 

25% of the total plasma albumin/day (Figure 7) and have 

C
P
 of about 2 g/dL (Figure 6) so that the total synthesis rate 

(=0.25×C
P
×V

P
) is 14.3 g/day (assuming a normal V

P
 of 28.5 

dL), 36% greater than normal. This estimate is in rough 

agreement with the average values of the measurements of 

Steinfeld et al61 and Wochner et al64 (Table 2).

The technique used to diagnose PLE clinically is the 

α
1
-antitrypsin (αAT) clearance measurement first described 

by Bernier et al.65 The αAT plasma clearance is determined 

from the αAT in a 3-day stool collection and the plasma αAT. 

The upper limit of normal is 24 mL/day,60 which corresponds 

to about 0.9% of plasma albumin/day, 1.1 gm%/day, or 10% 

of the total albumin synthesis rate. The validity of αAT clear-

ance as a measure of Cl
GI

 is based on the standard assump-

tions that this “50 kd glycoprotein similar in size to albumin 

… is neither actively absorbed nor secreted in the intestine 

…[and] is also resistant to luminal proteolysis”.60 Although 

αAT clearance is linearly correlated with simultaneous mea-

surements of 51Cr-albumin clearance, the correlation is weak 

(r=0.45) and the specificity and sensitivity of αAT for the 

diagnosis of PLE (assuming 51Cr clearance as the standard) 

is only 58% and 80%, respectively.66 Possible reasons for 

the inaccuracy of the αAT clearance include varying rates 

of αAT biliary secretion, intestinal proteolysis of αAT, and 

the presence of several protein complexes of αAT in feces 

that differ from the serum form.66

It is generally assumed that PLE can result from eleva-

tions in central venous pressure secondary to heart failure 

or constrictive pericarditis.60 The classic observation is that 
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of Davidson et al67 who described four patients (three with 

chronic constrictive pericarditis and one with a large atrial 

septal defect) who had hypoalbuminemia, increased albu-

min synthesis, and PLE as measured with 131I-PVP stool 

collections. In each patient, these values returned to normal 

after surgical correction of the cardiac defect, with the stool 
131I-PVP decreasing by nearly 10-fold. Most of the current 

literature on PLE in congestive heart failure is focused on 

children undergoing the palliative Fontan procedure, the cur-

rent standard treatment for a congenital single ventricle. This 

procedure, which involves diverting venous blood directly to 

the pulmonary artery, results in a marked increase in central 

venous pressure and, in 3%–18% of subjects, is associated 

with PLE.68 The pathophysiology of the PLE in these children 

is uncertain because some patients with severely elevated 

venous pressure never develop PLE, and it has been suggested 

that the enteropathy may be produced by the chronic low 

cardiac output rather than the increased venous pressure.68 

A number of studies have measured Cl
GI

 in patients with 

cirrhosis and portal hypertension. The results indicate that 

most cirrhotics do not have PLE. However, a small fraction 

of severely hypoalbuminemic cirrhotics had significantly 

increased Cl
GI

,69–71 which normalized after portosystemic 

shunting72,73 or liver transplantation.74

Albumin catabolism
In the steady state, the albumin synthesis rate must be bal-

anced by the renal, GI, and catabolic components defined 

in Equation 1. Since the normal renal and GI loss are <6% 

(section “Renal albumin clearance”) and 10% (section “Gas-

trointestinal albumin clearance”) of synthesis, respectively, 

at least 84% or 8.82 g/day must be removed by non-renal 

and non-GI albumin catabolism, referred to here as the Cl
C
. 

There is a surprising lack of information concerning the 

specifics of this Cl
C
. Studies using “residualizing” albumin 

labels that remain trapped in the lysosome after degradation 

suggest that about 60% of this albumin catabolism occurs 

in skin and muscle, apparently primarily in the fibroblasts 

of these organs.2,75   

The most important new observation in albumin phar-

macokinetics is the recognition of the importance of the 

major histocompatibility complex-related Fc receptor of 

immunoglobulin G (IgG; FcRn) in the control of albumin 

catabolism. FcRn had been previously shown to bind to IgG 

at acidic pH, diverting it from lysosomal degradation and 

prolonging IgG lifespan.76 It has now been shown that FcRn 

has the same action for albumin. FcRn knockout mice have 

an albumin catabolic rate twice that of normal mice and a 

40% lower C
p
 along with a synthesis rate 20% greater than 

normal, presumably in response to the lower C
P
.77,78 It is not 

known whether the body is able, for example, to upregulate 

FcRn as a way to increase C
P
 in hypoalbuminemia.78  

It has been known for 50 years that the total plasma 

clearance (Cl
P
, Equation 1) is not a constant, but decreases 

as C
P
 decreases.79 The most clear-cut illustration of this phe-

nomenon is the tracer albumin half time of about 100 days 
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observed in an analbuminemic subject,5 six times normal 

and corresponding to a Cl
P
 of only 17% of normal. Since, as 

discussed in “Renal albumin” and “Gastrointestinal albumin 

clearance”, the Cl
Re

 plus Cl
GI

 can account for up to 16% of 

the total clearance and they should be constant, independent 

of C
P
; this observation implies that the Cl

C
 component of Cl

P
 

fell to near zero in this analbuminemic subject. Recently, this 

result was confirmed by the finding that the half time of a 

tracer dose of human albumin in a humanized FcRn mouse 

model with a genetic absence of albumin is about six times 

greater than that in mice with normal albumin.80 This new 

observation that FcRn rescues albumin from lysosomal 

degradation provides a biochemical explanation of the 

mechanism of the decreased albumin clearance in hypoal-

buminemic subjects. Since the amount of FcRn is limited, 

only a finite amount of albumin can be rescued, and as C
P
 

falls, the fraction of albumin rescued increases and the Cl
C
 

decreases. This has several clinical implications: 1) It should 

provide a mechanism for maintaining normal C
P
, decreasing 

Cl
C
 when C

P
 falls and increasing Cl

C
 when C

P
 rises. 2) This 

decreased Cl
C
 would explain why C

P
 falls only to about half 

normal in severe liver disease with decreased synthesis rates 

(Figure 3) while, in contrast, decreased Cl
C 
would not be able 

to compensate for the increased Cl
Re

 in nephrotic syndrome, 

and therefore, C
P
 could fall to lower values (Figure 5). 

Another relatively new observation is that circulating 

albumin, like hemoglobin, becomes increasingly glycosylated 

(glycosalated albumin [GA]) with time at a rate dependent 

on the plasma glucose, with normal levels of GA of about 

13%, increasing two- to three-fold in diabetics.81–83 It is 

known that some forms of glycosylated albumin are rapidly 

cleared from the circulation by the liver,84 raising the question 

of whether the albumin clearance of naturally occurring GA 

also increases, that is, the older albumin is cleared faster. If 

this does occur, the process must have a relatively small effect 

since the single exponential decay of tracer albumin over a 

period ranging from 6 to 30 days5 implies that albumin clear-

ance is a simple first-order process and does not significantly 

increase as albumin ages. Another argument against a more 

rapid clearance of GA is that there is a linear relationship 

between the values of GA versus glycosylated hemoglobin 

(HbA
1C

) in diabetics with varying glucose control. If the GA 

form was more rapidly cleared, one would predict that, as 

serum glucose increased, the increase in serum GA would be 

less than the increase in HbA
1C

. Glycoslyated albumin might 

be a clinically useful measure of blood glucose in conditions 

such as inflammation and renal failure that are known to 

reduce red cell lifetime and make HbA
1C

 less reliable.

Measurements of serum GA (corrected for serum glucose 

using HbA
1C

) might provide a simple quantitative measure of 

albumin lifetime (and, therefore, synthesis rates), with the % 

GA being proportional to lifetime. One example where this 

prediction seems to be confirmed is in the measurements of 

the effect of thyroid hormone on GA. Patients with hypo-

thyroidism and thyrotoxicosis had GA levels 16% greater 

and 15% lower, respectively, than control subjects (there 

was no significant difference in HbA
1C

 values).85 This is in 

rough agreement with the 24% decrease in the steady-state 

measurement of 131I-albumin synthesis observed in hypo-

thyroid subjects.86   

Acute, non-steady-state shifts in 
albumin spaces
In 1896, Starling87 described measurements of fluid transfer 

between vascular and extravascular spaces and proposed that 

this fluid movement was the result of a balance between the 

hydrostatic and colloid osmotic pressure difference, an idea 

that has led to the now classical Starling equation descrip-

tion of ultrafiltration and vascular fluid balance. Capillaries 

do have finite albumin permeability, and the lymph drainage 

of the interstitial space has a critical role in maintaining the 

albumin concentration difference across the capillary wall. 

Surprisingly, given its relative simplicity, some important 

controversies remain about this classical relationship. It has 

still not been settled whether the normal capillary permeabil-

ity is the result of movement via endocytotic vesicles or via 

transport through fixed anatomic tight junctions.88 There is 

also a disagreement about whether the colloid osmotic pres-

sure driving force is determined by the interstitial albumin 

(classical Starling equation), or the local albumin concentra-

tion just across the glycocalyx that is present on the vascular 

surface of the capillary.89,90 There is general agreement that 

normally the albumin moves unidirectionally from the blood 

to the tissue (either via bulk fluid filtration or endocytosis) and 

that there is negligible diffusion of albumin from the tissue 

to the blood.15 This one-way loss of albumin from the blood 

to the tissue is balanced by the lymphatic return. Since the 

rate of return of albumin varies for different tissues because 

of varying interstitial volumes and lymphatic drainage rates, 

a quantitative description of the return rate requires two to 

three exponential terms.91,92 

It is well established that the C
P
 can fall rapidly, within 

hours, following acute sepsis or trauma.93 Since albumin 

metabolism normally has a half-time of 17 days (see 

“Albumin synthesis and clearance”), such a rapid decrease 

must represent a rapid loss from the vascular space, presum-
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ably related to an increase in capillary filtration through an 

enlarged pore system.37 The total capillary permeability 

is quantitatively described by the “transcapillary escape 

rate” (TER) that is estimated from the initial (1 hour) fall 

in concentration of a tracer dose of albumin before there is 

any significant back flux from the tissue. Since the albumin 

movement across the capillary is unidirectional, this TER 

represents the net rate of loss of albumin to the tissue and 

is balanced by a nearly equal rate of lymphatic return to the 

plasma since the rate of tissue catabolism is relatively small 

compared to this rate. The normal TER is about 5%/hour93 

(half-time of 13 hours). Fleck et al93 determined that, within 

3–7 hours following cardiopulmonary bypass surgery, C
P
 

fell by about 22% and TER increased by about twofold, 

respectively, from the presurgery values. They also found that 

patients in septic shock had a C
P
 of about half normal and a 

TER twofold or more and, within 5 days following the shock, 

the TER returned to near normal.93  Similarly, Ballmer et al94 

showed that, within 2 days following the onset of an acute 

infectious disease, C
P
 had fallen to about 62% of normal and 

TER increased by about twofold.

An increase in the capillary leak will not necessarily 

result in a large fall in C
P
. For example, if this increased 

filtration rate is accompanied by a corresponding increase in 

the lymphatic return and no change in interstitial volumes, C
P
 

could fall initially by at most about 18% because the normal 

interstitial albumin is 70% of C
P
.14 The rapid fall in C

p
 to about 

half its normal value in septic shock suggests that in addition 

to increased capillary leak there must also be an increase in 

the extravascular albumin volume of distribution. 

Whatever the mechanism responsible for the acute 

changes in C
P
, after a period of about 25 days, a new steady 

state should be reestablished and, from Equation 1, C
P
 should 

return to its normal value if the synthesis and clearances are 

unchanged. A chronic long-term change in C
P
 cannot be pro-

duced just by changes in, for example, TER or extravascular 

albumin spaces. However, increased capillary permeability 

could produce chronic reductions in C
P
 if it was associated 

with increased tissue Cl
C
, and it has been suggested that 

the albumin tissue catabolism is a function of the number 

of times the albumin is recycled from the vascular to the 

interstitial space.37

Clinical implications of serum 
albumin (CP) measurements 
Although physicians seemingly believe that measurement of 

C
P
 provides valuable clinical information, there has been a 

lack of discussion as to what constitutes the normal reference 

range for this protein. Commonly 3.5 g/dL is considered to be 

the lower limit of normal, presumably because laboratories 

have found that roughly 2.5% of values in “healthy subjects” 

fall below this concentration. However, mortality data on 

1.6  million apparently healthy life insurance applicants4 

suggest that the “normal” C
P
 should be set much higher 

than 3.5  g/dL. For example, the statistically determined 

lower limit of normal for 50- to 69-year-old males (includes 

97.5% of all values) was 3.9 g/dL. However, as shown in 

Figure 1, there was an increasing relative mortality over a 

12-year follow-up period as the applicant’s initial C
P
 con-

centration declined below 4.3 g/dL. For example, groups of 

subjects with C
P
 ranges of 4.1–4.3 g/dL, 4.0–4.1 g/dL, and 

3.9–4.0 g/dL had relative mortalities of 135%, 153%, and 

182%, respectively. Assuming that the reference range for a 

laboratory test should exclude values known to be associated 

with high relative mortality, the case can be made that the 

lower limit of normal for C
P
 is not 3.5 g/dL but 4.3 g/dL (75% 

of all observations). The increased mortality associated with 

C
P
 well above the commonly accepted 3.5 g/dL value is on 

the same order as in conditions commonly assumed to have 

very poor health outcomes. For example, the 220% relative 

mortality of subjects with C
P
 of 3.75–3.90 g/dL is greater than 

the 190% relative mortality of extremely obese males with a 

body mass index of 42.5 kg/m2.95 Given the ability of C
P
 to 

predict mortality in seemingly healthy subjects, the simple 

measurement of C
P
 could possibly be used to triage subjects 

undergoing wellness examinations, with extensive testing 

reserved for the 25% of subjects with albumins <4.3 g/dL. 
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Figure 8 shows a plot of the 223 individual measurements 

of C
P
 obtained in a single day at our VA Hospital relative to the 

lower limits of normal derived from the life insurance data. 

Only about 13% and 3%, respectively, of all outpatient and 

inpatient C
P
 measurements were >4.3 g/dL, the lower limit of 

values associated with normal mortality. Thus, at least in the 

VA Hospital setting, a patient whom the physician believes 

might benefit from the measurement of his or her C
P
 is so 

overwhelmingly likely to have a low value that a subnormal 

value can be assumed a priori. The clinically important ques-

tion is what, if any, useful prognostic/diagnostic/therapeutic 

information is derived from knowledge of the extent of the 

reduction of a patient’s C
P.
 

Surgeons typically focus far more attention on the prog-

nostic aspects of albumin measurements than do internists. 

This attention is prompted by 1) the striking increases in 

surgical complications associated with hypoalbuminemia, 

which are roughly five- to ten-fold greater for mortality and 

two- to three-fold greater for morbidity when patients’ serum 

albumins are <3 g/dL versus >4 g/dL1 and 2) the strong desire 

of surgeons to avoid post-surgical mortality and morbidity 

complications that are closely monitored for the individual 

surgeon. As a result, surgeons utilize C
P
 as an important 

prognostic factor in determining the risk/benefit ratio for 

even relatively minor surgical interventions. Nonemergent 

surgery in hypoalbuminemic patients may be permanently 

shelved or temporarily postponed while attempts are made 

to improve the nutritional status of the subject. The stated 

goal of this nutritional therapy is not to raise the C
P
 (which 

has been shown not to reduce surgical complications) but to 

improve the patient’s putatively depleted general “nutritional 

status” for which the low albumin is considered to be a sur-

rogate marker. However, as discussed in “Albumin synthesis 

and protein malnutrition”, the concept that low albumin 

commonly serves as a good marker of overall nutritional 

status is flawed, and there is limited evidence that surgical 

complications can be reduced via a period of enteral or PN 

if the pathology causing the low albumin remains untreated. 

Serum albumin concentration is a powerful predic-

tor of a poor prognosis in nonsurgical as well as surgical 

patients. The pathological process in these conditions can 

be inflammatory, degenerative, or malignant as evidenced 

by statistically significant associations between albumin 

and a poor outcome in community-acquired pneumonia,96 

chronic obstructive pulmonary disease,97 pancreatitis,98 

inflammatory bowel disease,99 coronary100 and peripheral 

vascular101 disease, Alzheimer’s disease,102 multiple forms 

of malignancy,103 and all intensive care admissions.104 Even 

patients with psychiatric conditions such as schizophrenia105 

and depression106 tend to have low C
P
. Although publication 

bias is probably playing a role in these observations, only 

very rare publication reported that albumin did not provide 

statistically significant prognostic information such as a paper 

showing that C
P
 did not correlate with distant metastases for 

prostatic cancer.107  

Despite the correlation between clinical outcomes and C
P
, 

this determination seldom plays a major role in the clinical 

approach to nonsurgical patients. Although there are multiple 

scoring systems to predict outcome of diseases, only one 

commonly used system formally utilizes the C
P
 concentra-

tion – the Child–Pugh score used to predict the surgical 

mortality and need for liver transplantation in patients with 

cirrhosis. Albumin is the most predictive of the five factors 

that are used to calculate the Child–Pugh score, with albumin 

concentrations of >3.5, 2.8–3.5, and <2.8 g/dL adding 1, 2, or 

3 points to the overall score, higher scores indicating worse 

prognoses.108 Thus, all albumin concentrations >3.5 g/dL are 

assumed to have the same prognostic value, which seems 

unlikely given the strong predictive power for mortality of 

values >3.5 g/dL in seemingly healthy subjects (Figure 1). 

Given the importance of the liver in albumin synthesis, it 

is surprising that albumin does not play a role in the cal-

culation of the Model for end-stage liver disease (MELD) 

score, which has largely supplanted the Child–Pugh score 

as a prognostic indicator for liver failure. While worsening 

hypoalbuminemia is associated with poorer outcomes in 

cirrhosis, presumably albumin was found not to have prog-

nostic value independent of the prothombin time, bilirubin, 

and creatinine when the MELD score was being formulated.  

There are two possible limiting explanations for the 

strong correlation between C
P
 and poor health outcomes. The 

first is that C
P
 is essential for normal health, and even small 

decreases in concentration (eg, 15%) compromise albumin’s 

health-promoting functions. The second is that low C
P
 is an 

indicator of the existence of a myriad of pathologies, some of 

which are so subtle that the subject appears “healthy” while 

harboring a lethal illness. Several observations strongly argue 

against the first explanation. First, congenitally analbumin-

emic subjects who have barely detectable C
P
 experience a 

normal life expectancy6 and analbuminemic rats have normal 

reproductive ability.109 Second, a number of randomized stud-

ies have shown that infusion of exogenous albumin has little 

or no benefit on the medical outcome of hypoalbuminemic 

patients and may even be harmful, both in adults110–113 and 

children.114,115 Thus, albumin appears to be a surrogate marker 

for disease mortality and morbidity. 
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In contrast to the abundance of information concerning 

albumin concentrations in various disease states, there is very 

limited understanding of the pathophysiological mechanisms 

responsible for hypoalbuminemia. This article has attempted 

to summarize the enormous scientific literature concerning 

the synthesis and clearance of albumin so as to be able to 

discuss, albeit not fully explain, the pathophysiology of hypo-

albuminemia. In the steady state, hypoalbuminemia neces-

sarily reflects the alteration of the normal balance between 

albumin synthesis and albumin clearance. As discussed, 

accurate quantitation of albumin turnover (which in the 

steady state equals albumin synthesis) requires measurement 

of the rate that labelled albumin disappears from the serum 

over a several-week period during which time the subject’s 

albumin must remain in a steady state. The complexities of 

this measurement have limited its application as evidenced 

by the relatively few measurements that have been made in 

noncirrhotic conditions (Table 2). 

As shown in Table 2, there is a good deal of scatter in the 

results of studies designed to measure the synthesis/clear-

ance of albumin during assumed steady-state conditions in 

patients with hypoalbuminemia secondary to various disease 

states. However, there is a general tendency for synthesis to 

be reduced in patients with liver disease and isolated protein 

malnutrition and to be modestly increased in all other condi-

tions, indicating increased catabolism in the latter groups of 

patients. This finding tends to refute the common belief that 

subtle protein malnutrition (which should reduce synthesis) 

is the primary cause of hypoalbuminemia in most disease 

states. However, it is an over-simplification to conclude that 

the hypoalbuminemia can be entirely attributed to decreased 

synthesis in liver disease and increased clearance in other 

conditions. For example, albumin clearance appeared to be 

roughly normal in the patients with liver disease although 

the Cl
C
 of albumin normally declines as C

P
 concentration 

falls. Although speculative, loss of albumin into the intestinal 

tract in portal hypertension could possibly account for the 

maintenance of higher than expected albumin clearance in 

these patients and hence played a role in their hypoalbumin-

emia. Similarly, it is not clear to what extent failure of liver 

albumin synthesis to respond “normally” to the albumin 

drain resulting from the increased clearance in nonhepatic 

diseases aggravated the hypoalbuminemia in these subjects.   

While the mechanism responsible for the increased 

albumin turnover in a wide variety of unrelated disease 

states is poorly understood, it has usually been assumed 

to result from an increase in the Cl
C
 term in Equation 1. 

An  alternative explanation is provided by the intriguing 

study of Waldmann et al,63 in which both protein loss into the 

gut (Cl
GI

, Equation 1) and total fractional albumin turnover 

(Cl
P
, Equation 1) were measured in 130 subjects selected 

because they had “significant hypoalbuminemia that could 

not be explained on the basis of either liver disease or pro-

teinuria.” Many of these patients had diseases not commonly 

considered to have appreciable intestinal pathology including 

neoplastic diseases, connective tissue diseases, heart failure, 

chronic pancreatitis, and so on. The remarkable findings of 

this study were that 1) when patients had no excess loss of 

protein into the gut, fractional turnover (Cl
P
) of albumin was 

always normal, and 2) when there was increased albumin 

loss into the gut, this loss quantitatively accounted for the 

increased rate of albumin turnover, that is, Cl
P
 = Cl

GI
 (r=0.98). 

Thus, the absence or presence of protein loss into the gut 

was the sole determinant of normal versus abnormally rapid 

albumin turnover. These observations could be strengthened 

via the relatively simple assessment of fecal 1-alphtrypsin 

in hypoalbuminemic subjects who do not have obvious GI 

or liver disease. If increased GI protein loss is commonly 

observed, it would be of interest to determine how gut per-

meability to protein is altered in the vast array of conditions 

in which hypoalbuminemia is seemingly associated with 

increased albumin turnover.

While it is clear that physicians are interested in the C
P
 of 

their patients (223 measurements in 1 day at a VA Hospital, 

Figure 8), it is less clear as to how this measurement alters 

diagnosis or treatment. Hypoalbuminemia ranging from 

minor to severe is observed in virtually every illness and 

thus this finding provides very little assistance in differential 

diagnosis. Occasionally, the C
P
 can assist in determining 

whether borderline total serum calcium measurements are 

abnormal since the free calcium concentration is influenced 

by the albumin concentration. If it were easy to measure 

albumin synthesis/turnover, information might be obtained 

on whether liver disease was playing a role in the problem, 

since hepatic synthesis is elevated in most conditions other 

than liver disease. Unfortunately, measurement of synthesis is 

arduous and liver disease is more easily diagnosed via routine 

liver function studies. Given the 17-day half-life of albumin, 

it could be argued that the finding of a low C
P
 is indicative 

of disease of several weeks duration. However, albumin can 

fall acutely in conditions where capillary protein perme-

ability is increased. While some physicians understand that 

a low C
P
 is indicative of severe disease or a poor outcome, 

this information usually does not translate into alterations 

in treatment. In the few clinical situations where albumin 

infusion has been shown to be useful – expansion of blood 
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volume in acute renal failure, after peritoneal dialysis, or in 

the treatment of spontaneous bacterial peritonitis – albumin 

infusion is employed independent of the C
P
 concentration. 

Assuming the above analysis to be correct, it appears that 

the care of patients would not suffer if far fewer albumin 

measurements were obtained.  

Lastly, there is the perplexing question of how con-

genitally analbuminemic subjects survive with normal 

life expectancy and minimal morbidity despite the virtual 

absence of albumin, the major serum protein that putatively 

has many important functions including osmotic, binding, 

and antioxidant properties. The osmotic effect of the absence 

of C
P
 has been studied in congenitally analbuminemic sub-

jects. While albumin is responsible for about 80%–85% of 

the colloidal osmotic pressure of normal plasma, in anal-

buminemics there is a compensatory increase in globulins 

and other plasma proteins that raises the colloidal osmotic 

pressure to about 50% of normal. The finding of minimal or 

no edema in analbuminemic subjects indicates that 50% of 

the normal colloidal osmotic pressure is sufficient to limit 

edema formation and that factors other than colloidal osmotic 

pressure such as central venous pressure and venous valve 

competence are able to compensate. Given that albumin is 

freely permeable across the liver sinusoids, albumin exerts 

no osmotic effect on trans-sinusoidal fluid movement; hence, 

no tendency to ascites would be predicted in analbuminemia.8 

The high-affinity albumin binding, usually regarded as an 

essential function,7 can also be compensated for in analbu-

minemics. In particular, the albumin binding of bilirubin is 

usually regarded as a critical factor in preventing kernicterus 

in newborns.116 Bilirubin binding has been carefully inves-

tigated in a rat analbuminemic model where it was shown 

that lipoprotein–bilirubin binding could compensate for the 

albumin deficiency.117 Analbuminemics provide inescapable 

evidence that either the functions of albumin are not critical 

to health or that these functions can be subsumed by other 

serum proteins. 
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Supplementary materials
Measurements of albumin synthesis and 
catabolism
There are two fundamentally different approaches that 

have been used to measure human albumin synthesis and 

catabolism. The first approach is based on the analysis of 

the clearance of a bolus injection of a tracer of albumin. In 

the steady state, this clearance (ie, catabolism) must be equal 

to the albumin synthesis rate. Since albumin has a half-time 

of about 17 days, this approach requires measurements of 

tracer albumin over 2–3 weeks during which it is assumed 

that there is steady state, conditions that may not be valid 

in many disease states. The second approach uses labeled 

albumin precursors to measure the acute rate of liver albumin 

synthesis over a period of a few hours. This latter approach 

does not provide any direct measurement of albumin catabolic 

rates. Each of these methods is discussed here.  

Notation: 

D = tracer albumin dose

C
p
(t) = tracer plasma albumin concentration as function of 

time

C
p
ss = steady state, nonlabeled, plasma albumin concentration

Q = total body metabolic rate

M
T
 = total amount of nonlabeled albumin in body

M
1
(t) = amount of tracer in compartment 1 (plasma) as 

function of time 

M
2
(t) = amount of tracer in compartment 2 (extravascular) 

as function of time  

k
out

 = Q/M
T
 = fractional turnover rate for whole body

k
1
 = metabolic rate constant of compartment 1

k
2
 = metabolic rate constant of compartment 2

k
12

 = rate constant for exchange from compartment 1 to 

compartment 2

k
21

 = rate constant for exchange from compartment 2 to 

compartment 1

t
T
 = turnover time = 1/k

out

Clss = steady state clearance

Vss = steady-state volume of distribution

A
1
, A

2
 = coefficient of first (second) exponential describing 

tracer concentration

a
1
, a

2
 = rate constant of first (second) exponential describing 

tracer concentration

Steady-state measurement of albumin 
clearance and volume of distribution
The standard tracer pharmacokinetic experiment is to inject 

a tracer dose of albumin (eg, 131I-albumin) and determine the 

plasma tracer concentration (C(t)) over a time period that is 

long enough to be able to accurately extrapolate to infinity. 

The goal of these tracer measurements is to determine the 

two fundamental steady-state physiological parameters: Q, 

the total rate of metabolism of albumin, and M
T
, the total 

amount of albumin in the body. These two factors are deter-

mined experimentally from two related pharmacokinetic 

parameters determined from the tracer kinetic experiment, 

the steady-state clearance (Clss) and volume of distribution 

(Vss), defined by:

	
Cl Q C V M Css

p
ss ss

T p
ss= =/ / 	 (S1)

where C
p
ss  is the steady-state plasma albumin concentration. 

In addition, one can define the “fractional turnover rate” and 

the “turnover time”:

 

Fractional turnover rate k Q M Cl V

Turnover time k
out T

ss ss

o

= = =

=

/ /

/1
uut

	 (S2)
 

There are two different theoretical approaches that have 

been used to determine the albumin pharmacokinetics 

(compartmental and noncompartmental), and each of these is 

discussed in the Supplementary material. The compartmental 

approach used in the older literature describes the kinetics 

by an equivalent two- or three-compartmental system and 

determines Clss and Vss from the exponential decay at long  

durations (from 5 to 17 days). The major assumption required 

for this compartmental approach is that the exchange between 

the plasma and extravascular space is fast relative to the 

metabolic rate. This is a good assumption for albumin where 

the turnover rate is about 25 days while the intercompart-

mental exchange rate is about 1 day.1 The noncompartmental 

approach, first described by Meier and Zierler2 in 1955, has 

been used in the more recent publications. The only theoreti-

cal assumption required for this approach is that the albumin 

metabolism occurs in the plasma compartment, that is, the 

effective albumin concentration at the site of metabolism is 

equal to the plasma concentration. There is some experimen-

tal evidence that indirectly supports this assumption, and it 

is usually assumed that it is valid for albumin.

Noncompartmental pharmacokinetic analysis
This is a general approach that does not require any assump-

tions about the exchange kinetics between plasma and the 

different tissue interstitial spaces. It is assumed that the 

system is linear. The basic experiment is to input a tracer 

dose D and then measure the tracer concentration C(t) as 

a function of time. It can be shown that under very general 
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conditions the steady-state clearance (Clss) is described by 

the following relation:

	
Cl D AUC AUC C(t)dtss = =

∞

∫/
0

	 (S3)

This is valid for an arbitrary input time course of the dose 

D and metabolism of albumin in any or all of the different 

extravascular spaces.

There is a similar, but less general, expression for Vss:

	

V D AUMC AUC MIT AUC

AUMC tC(t)dt MIT D t I t dt

ss = −

= =
∞ ∞

∫ ∫

[ / / ]

( / ) ( )

2

0 0

1 	 (S4)

where I(t) is the time course of tracer input. Usually, it can 

be assumed that the input time course is a bolus input (I(t) = 

δ(t)) with very short time course compared to the albumin 

distribution:

	
V DAUMC AUC bolus inputss = ( )/ 2 	 (S5)

This relation is less general than the Clss relation (Equation S3) 

and is only valid if the metabolism occurs in the plasma com-

partment. If the metabolism occurs in an extravascular com-

partment, Vss cannot be determined without some additional 

assumptions about the pharmacokinetics in the extravascular 

space.3 As shown later for the two compartment models (Figure 

S1), this Vss relationship should be a good approximation for 

albumin even if the metabolism occurs in the extravascular 

space because the blood–tissue exchange rate is relatively fast 

(about 1 day) compared with the metabolic rate (about 20 days).

Figure S1 Schematic diagram of the two different compartmental models. 
Notes: I(t): input to system as function of time t; Mi(t): amount of solute in 
compartment i; ki: rate constant for excretion from compartment i; kij: rate constant 
for exchange from compartment i to compartment j; Q: amount of excretion.

I(t) Model 2I(t)

V1

M1(t) M2(t)

V1

M1(t) M2(t)

Q =k1M1(t) Q =k2M2(t)

k12

k21

k12

k21

Model 1A B

Compartment pharmacokinetic analysis
In this approach, it is assumed that the kinetics can be 
described by a compartmental model from which the 
clearance can then be determined. This is discussed in detail 
here for a two-compartment model, but the same analysis 
would apply to more complicated three-compartment models.  

Two different limiting cases of the two-compartment 
model is shown earlier, differing in the site of albumin 

metabolism. M
1
 and M

2
 are the amounts of solute in the two 

compartments, V
1
 is the volume of compartment 1 and k

12
 and 

k
21

 are exchange rates from compartment 1 to compartment 2 

and in the opposite direction, respectively. The concentration 

in compartment 1 is equal to:

	
C t M

1 1 1
( ) (t) / V= 	 (S6)

In Model 1, the albumin metabolism (Q) occurs from com-

partment 1: 

	
Q t k M t( ) ( )=

1 1
	 (S7)

In Model 2, the metabolism occurs in compartment 2:

	
Q t k M t( ) ( )=

2 2
	 (S8)

For either model, C
1
(t) for a bolus dose D is described by a 

sum of two exponentials:

	
C (t) =M (t)/V =(D/V )(A e +A e )

1 1 1 1 1
a t

2
a t1 2− − 	 (S9)

Substituting Equation S9 into the noncompartmental Equa-

tions S3 and S4: 

	

AUC=(D/V )(A /a +A /a )

AUMC=(D/V )(A /a +A /a )
1 1 1 2 2

1 1 21
2

2
2 	 (S10)

 

Model 1 is described by the following two differential 

equations:

	

dM

dt
=I (t)+k M k M k M

dM

dt
=k M k M

1
1 21 2 1 1 12 1

2
12 1 21 2

− −

− 	 (S11) 

where I
1
(t) is the time-dependent input to compartment 1. 

Solving Equation S11 for the case where I
1
(t) is a bolus input 

of dose D (I
1
=Dδ(t)), M

1
(t) is described by a two-exponential 

function:

Model 1:

M (t)/D=A e +A e

A =(B k k +k )/(2B) A =(B+
1 1

a t
2

a t

1 1 12 21 2

1 2− −

− − kk +k k )/(2B)

a =(k +k +k B)/2 a =(k +k +k +B)/2

B= k

1 12 21

1 1 12 21 2 1 12 21

−

−

11
2

12
2

21
2+2k k 2k k +k +2k k +k

1 12 1 21 12 21
−

 
�

(S12)

This is a surprisingly complex expression, and it can be seen 

that the coefficients for the two exponentials do not, in gen-

eral, have a simple relationship to the parameters describing 

the two individual compartments. 
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The steady-state clearance can be determined directly 

from the steady-state solution to Equation S11. Using Equa-

tion S7 for the definition of Q:

	 Cl =Q /C = V Q /M = k Vss ss
p
ss

1
ss ss

1 11
 	 (S13)

The steady-state volume of distribution is defined by Equa-

tion S1:

	 V = M /C =(M +M )/(M /V )ss
T
ss

p
ss ss ss ss

11 2 1
	 (S14)

Since at steady state from Equation S11, M
2
ss=(k

12
/k

21
)M

1
ss:

	 V =V (k +k )/kss
1 12 21 21

	 (S15)

One obtains exactly the same values for Clss and Vss using the 

general noncompartmental relations (Equations S3–S5 for 

bolus input) and using Equation S10 with the coefficients for 

Model 1 (Equation S12). This is expected since in Model 1 

the metabolism occurs in the plasma compartment, and for 

this condition, these noncompartmental relations are always 

satisfied. 

The corresponding differential equations for Model 2 are:

	

dM

dt
=I (t)+k M k M

dM

dt
=k M k M k M

1
1 21 2 12 1

2
12 1 21 2 2 2

−

− − 	 (S16)

Solving, Equation S16 for the case where I
1
(t) is a bolus 

input of dose D (I
1
=D δ(t)), M

1
(t) is described by a two-

exponential function:

Model 2:

M (t)/D=A e +A e

A =[1/2+(k +k k )/(2B)] A
1 1

a t
2

a t

1 2 21 12

1 2− −

−
22 12 21

1 2 12 21 2 2 12

=[(1/2+(k k k2)/(2B)]

a =(k +k +k B)/2 a =(k +k +k

− −

−
221

2 21 2 12 12 21

+B)/2

B= k +2k k 2k k +k +2k k +k
2
2

12
2

21
2−

 	
�

(S17)

The steady-state relation between M
1
 and M

2
 is obtained 

from Equation S16: 

	

M =
k

k +k
Mss 12

21 2

ss
2 1

	 (S18)

Solving Equation S16 for the steady-state clearance: 

	

C =Q /C = V Q /M = k V M /M

= V k k /(k +k )

ss ss
p
ss

1
ss

1
ss

2 1
ss ss

1 2 12 2 21

1 2 1

	 (S19)

Using the general noncompartmental relations (Equations  

S3–S5 for bolus input) and using Equation S10 with the coef-

ficients for Model 2 (Equation S17), one obtains exactly the 

same value for Clss. This is expected since the noncompart-

ment Clss relation is valid even if the metabolism is occurring 

in an extravascular compartment, as it is for Model 2.

Substituting Equation S18 in Equation S14, the steady-

state volume of distribution for Model 2 is:

	

V V
k

k +k
ss

1
12

2 21

= +






1 	 (S20)

The noncompartment relationship for Vss should not be valid 

for Model 2 because the metabolism does not occur in the 

plasma compartment. As predicted, substituting the Model 2 

coefficients (Equation S17 in Equations S10 and S5), the 

noncompartmental prediction V
nc
ss  is incorrect (ie, differs 

from Equation S20):

	

V = V 1+b
k

k +k
b=

k

k +knc
ss

1
12

2 21

21

21 2







	 (S21)

It can be seen that if k
21

>>k
2
 (the exchange between the two 

compartments is fast compared with the metabolic rate), 

then the noncompartmental expression becomes equal to the 

true Vss. This is a good approximation for albumin where the 

metabolic rate is about 20 days while the intercompartmental 

exchange is about 1 day. 

At durations greater than ~4 days, the second term in 

Equation S12 or S17 becomes negligible relative to the first 

and the concentration in compartment 1 (eg, plasma) can be 

approximated by:

	 C (t)=M (t)/V (D/V )A e
1 1 1 t 1 1

a t1
→∞

− → 	 (S22)

Although not always explicitly stated, the albumin compart-

mental kinetic analysis depends on the assumption that the 

exchange between the two compartments is fast compared 

with the metabolic rate, that is, k
1
<<k

12
 (Model 1) or k

2
<<k

21
 

(Model 2). Using this assumption, the expression for B in 

Equation S12 can be approximated by:

	

B (k +k ) +2k (k k ) k +k +
k (k k )

k +k12 21
2

1 12 21 12 21
1 12 21

12 21

≈ − ≈
−

	
� (S23)

Substituting this approximation for B into the Model 1 

expression for a
1
 (Equation S12):

	

a
k k

k +k
Cl /V

1
1 21

12 21

ss ss≈ = 	 (S24)
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where the last equality uses the Model 1 steady-state clear-

ance and volume of distribution relations (Equations S13 and 

S15). Substituting this approximation for B in the Model 1 

expression for A
1
 (Equation S12) and assuming k

1
<<k

12
:

	 A k k +k V /V
21 12 21 1

ss
1
≈ =/ ( ) 	 (S25)

Finally, substituting these expressions for a
1
 and A

1
 into 

Equation S22:

C (t) C e C D/V Cl /V
1 t k

t ss ss ss
→∞ <<

− → = =; 1 12 0 0E
α  	(S26)

Although this was explicitly derived for Model 1, it can be 

shown that this same approximation is valid for Model 2 at 

durations greater than ~4 days and assuming that k
2
<<k

21
. In 

summary, with this assumption the tracer plasma concentra-

tion for the two-compartmental model at durations greater 

than ~4 days can be approximated by a single exponential with 

a rate constant α equal to the “fractional turnover” rate for the 

whole body (Equation S2) and the zero time intercept equal to 

the tracer-injected dose (D) diluted in the steady-state volume 

of distribution, allowing the experimental determination of 

both Clss and Vss. This result provides the theoretical justifi-

cation for most of the older albumin tracer kinetic analysis. 

Acute measurements of albumin 
synthesis
In this approach, labeled albumin precursors are given as a 

bolus injection and the rate of appearance of these labels in 

albumin is measured over a period of few hours. This provides 

a direct measurement of the short-term fraction of intravascu-

lar (ie, plasma) albumin synthesized per hour referred to as 

the “fractional synthesis rate.” Fractional synthesis is related 

to the plasma albumin clearance (Cl
P
) and plasma volume 

(V
p
) by the relation:

	
Fractional synthesis rate = absolute synthesis rate

Cl
P P

P

/ (V )C

⇒ = (( ) /fractional synthesis rate V
p

 	
 
� (S27)

The absolute synthesis rate is then determined from Equation 

S27 with the plasma volume measured by some technique 

such as 125I albumin distribution.

Initially, studies used 14carbonate infusions to label the 

arginine guanido carbon via urea cycle metabolism with the 

assumption that the specific activity of the arginine precursor 

for albumin synthesis is identical to the urea-specific activity.4

Fractional

albumin

synthesis

rate

Fractional urea

synthesis rate
=

ssp.activity guanidine

Cof albumin

sp.activity urea C

















	

(S28)

The urea synthesis rate is directly measured using 14C urea. 

These were short-term experiments, with the specific activity 

usually measured at 5 hours (additional small corrections are 

made for albumin removal from plasma during this 5-hour 

period).   

In recent years, the standard approach for measuring 

albumin synthesis has been based on the precursor “flood-

ing technique” in which a large bolus of ([1-13C] leucine5 

or [2Hring] phenyalanine6) is injected, uniformly labeling 

all the precursor pools, and albumin isotopic enrichment is 

measured versus time.5 There is a lag period (the “secretion 

time”) in the appearance of enriched albumin of about 30 

minutes. The fractional synthesis rate is determined from:

	

Albumin fractional synthesis rate=

albumin enrichment at t album
2

− iin enrichment at t

integralof free amino precursor enrichment fro
1

mm t to t
1 2

� (S29)

The two time points are selected for a period when the 

enrichment is increasing roughly linearly (after the lag 

period) – usually between about 40 and 80 minutes after the 

bolus injection. A major advantage of using this relatively 

short time interval (ie, 40 minutes) is that no correction is 

required for loss of albumin from the intravascular space by 

metabolism or diffusion.5
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