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Clinical interpretation of the acute-phase
proteins—albumin, transferrin, and trans-
thyretin—has been hampered by the lack of
accurate and precise methods for quantify-
ing the levels and a stable and respected
reference material. Now that these issues
have been addressed, the community is
faced with the need for credible age- and
gender-specific reference values. The num-
ber of publications that address this issue,
even for an analyte as familiar as albumin,
is small and, in most cases, such publica-
tions lack the relevant data that would allow
a combined experience to be created. We
have identified 40 studies that meet our cri-
teria: a description of the study participants’
health status, of the statistical methodology,
and of the laboratory technique and/or ref-
erence material used. Few of these studies

reported values stratified by gender. A sum-
mary of the published median levels by age
is presented for the three analytes, along with
our own age- and gender-specific medians
based on a large cohort. Ten of the studies
presented a 95 percent reference range, in
close agreement with ours where selection
was based upon reported diagnosis rather
than upon determination of individual health
status. This meta-analysis provides support
for the reliability of our recently published
methodology and reference data for the clini-
cal interpretation of individual albumin, trans-
ferrin, and transthyretin values. As with most
laboratory measurements, clinical interpre-
tation requires that other laboratory and clini-
cal factors be considered. J. Clin. Lab. Anal.
13:280–286, 1999. © 1999 Wiley-Liss, Inc.
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INTRODUCTION

The acute-phase proteins, a complex family of about 30
different moieties, have been traditionally viewed as markers
of overt inflammation, infection, tissue necrosis, or malig-
nancy. However, their clinical application has been hampered
by uncertainty in the appropriate reference ranges for a given
patient. This is particularly evident in very young individuals
where significant inflammation may be accompanied by el-
evations in the acute-phase proteins that fall well within the
adult reference ranges, but would be considered high were
reference ranges to be available for children and infants. The
three proteins examined in this study represent the major nega-
tive acute-phase proteins (APP) whose synthesis is down-
regulated by the same cytokines, IL-1 and IL-6, that drive the
acute-phase response (APR). This study, like its predecessor
(1), aims to identify publications from 1961 to the present
that report reference data for albumin, transferrin, and
transthyretin (prealbumin) and that satisfy minimal accept-
able criteria. All results were standardized against CRM 470/
RPPHS (2,3) before comparison.

MATERIAL AND METHODS

Identification of Published Reference Data

The methods used to search for relevant publication was
the same as for the previous study (1) with the addition of
searching PubMed (http://www.ncbi.nlm.nih.gov/PubMed)
online for the same key headings as were used for MEDLINE
CD-ROM (OVID Technologies, New York, NY) searches.
Briefly, the literature was searched by direct review of the
Cumulative Index Medicus published compendia and the com-
puterized MEDLINE CD-ROM. Articles were considered
acceptable if they: (1) identified the assay method and refer-
ence material; (2) provided details of the study population
such as age; and (3) provided the information required for
statistical analysis (4–102). Studies that were exclusively
methodological or reported measurements only in individu-
als with known disease were removed from consideration.
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Estimating the Central Estimate and Reference
Range From Published Studies

For each study, either the mean, median, or geometric mean
was used as the estimate of the center of the distribution. If
these estimates were not directly available, they were com-
puted using observed or smoothed centiles (e.g., the 2.5th
and 97.5th centile) If none of these were available, the study
was excluded from all analyses. Observed 95 percent ranges
were used for the reference interval analysis. If the range was
estimated from parameters or was other than the 95 percent
range, the study was excluded from the reference interval
analysis.

Conversion of Reported Results to a Single
Reference Material

Results were standardized against CRM 470/RPPHS by
conversion from package insert data from the period of the
study as previously described (1). This material was released
by the International Federation of Clinical Chemists (IFCC),
the Community Bureau of Reference (BCR) in Brussels, and
the College of American Pathologists (CAP) in the United
States (the latter being labeled Reference Preparation for Pro-
teins in Human Serum [RPPHS]).

RESULTS

Number of Studies Available for Analysis

We identified 71 publications that contained information
on albumin in nondiseased individuals (4–9,12–16,18,19,21–
26,28,29,32,33,35,36,45,46,54–56,58–60,62–70,72–91,94–
102). Thirty-one of these studies did not include adequate
information about assay methodology and/or the reference
material used (9,12,14–16,22,23,25,26,29,33,35,58,60,62–
64,72,76,77,79,85–90,95,99,100,102). Five studies did not
include information about the age of the study subjects
(8,18,19,75,94). The remaining 35 studies (4–7,13,21,24,
28,32,36,45,46,54–56,59,65–70,73,74,78,80–84,91,96–
98,101) were considered acceptable for the analysis of albu-
min measurements.

We identified 30 publications that contained information
on transferrin in nondiseased individuals (4–7,9–11,18–
20,26,28,37–39,47–49,53,54,56,59,62,63,69–71,76,83,84).
Eleven studies did not include adequate information about
assay methodology and/or the reference maternal used
(11,26,39,47,48,53,62,63,71,76,84). Two studies did not in-
clude information about the age of study subjects (10,18).
The remaining 17 studies (4–7,9,19,20,28,37,38,49,54,
56,59,69,70,83) were considered acceptable for the analysis
of transferrin measurements.

A total of 42 publications were identified which contained
information on transthyretin in nondiseased individuals (5–
8,17,18,22,27,28,30,31,34,36,40–44,46,49–53,56,57,61–
63,65,69–71,73,76,78,83,92,93,98,99,101). Twenty-five

studies did not include adequate information about assay
methodology and/or the reference material used (17,22,
27,30,31,34,36,40,41,43,44,50,51,53,57,62,63,65,71,76,
78,92,93,98,99). Two studies did not include age (8,18). The
remaining 15 studies (5–7,28,42,46,49,52,56,61,69,70,73,
83,101) were considered acceptable for transthyretin mea-
surements.

For the analysis of reference range width, ten studies pro-
vided adequate information for at least one of the proteins
(6,24,32,54,56,70,73,80,83,101).

Comparison of the Central Estimates

Figure 1 shows the central estimates from the published
studies of albumin (a), transferrin (b), and transthyretin (c).
The reported mean (or median) age of the study population is
shown on the logarithmic horizontal axis versus the reported
mean or median analyte level on the logarithmic vertical axis
over a fourfold range in values. Each observation is shown as
a circle with the smallest and darkest circles representing es-
timates based on over 100 observations, median sized circles
representing between 50 and 99 observations, and the largest
circles representing between 10 and 49 observations. If a pub-
lished observation was based on less than 10 observations, it
was combined with an adjacent age group from the same pub-
lication. For purposes of comparison, the solid and dashed
lines represent the median levels found for males and females,
respectively, in our companion study (3).

Figure 1 shows the reported albumin median values from
the 35 published studies considered acceptable. Most data
are for adults over age 30. Our median levels for albumin are
identical to the large number of published estimates for sub-
jects over age 60. Our estimates are somewhat lower than,
but consistent with, the estimates for younger adults. The fig-
ure shows that little reliable data has been published for chil-
dren under age 10, but our estimates are consistent with that
which does exist. There are far fewer published median lev-
els of transferrin than for albumin and the spread of the esti-
mates is greater. Our median levels for adults are near the
middle of the range of published estimates. The few estimates
available for young children, however, are considerably lower
than ours. However, five of the six published estimates under
age 10 are from two studies (56,83). The estimates of our
median albumin and transferrin levels (Fig. 1a,b) are remark-
ably consistent with published studies of single age- and gen-
der-specific consensus values generated soon after CRM 470
was released (103,104). The published median estimates for
transthyretin are similar to our estimates over the entire range
of ages (Fig. 1c).

Comparison of the Reference Ranges

The reference ranges reported in the studies used in the
above analyses were generally based on a small number of
observations; half were based on 489 observations or less.
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Fig. 1. A summary of published acute phase protein median reference val-
ues. The published median (or geometric mean) levels for albumin (A), trans-
ferrin (B) and transthyretin (C) levels are displayed on the logarithmic vertical
axis (spanning a factor of four) versus the mean (or median) age on the loga-

rithmic horizontal axis. The three symbol sizes represent the number of obser-
vations in each group (small, medium and large circles representing over 100,
50 to 99 and 10 to 49. The solid (males) and dashed (females) lines are the
regressed median levels from our large cohort study (3).

Thus, it was possible to verify the health status of each indi-
vidual. In contrast, our observed reference ranges were each
based on over 50,000 observations and, therefore, it was not
possible to verify the health status of each individual. Al-
though the median levels derived in our study are in agree-
ment with published ones, it is possible that our reference
ranges may be wider than other smaller studies because we
relied on the diagnosis provided on the laboratory slip (105).
In order to determine whether this was the case, we re-ana-
lyzed the published reference ranges using our earlier find-
ing (Fig. 1a,b,c) that the widths of the ranges are nearly
completely independent of age and gender (3). Figure 2 shows
the 10 previous studies for which it was possible to calculate
a 2.5th to 97.5th centile range (after each study’s reference
limits were divided by their own population medians— con-
version to multiples of the median). The reference numbers
are shown on the horizontal axis, sorted by decreasing 95
percent reference-range width. The weighted average of the
ranges reported in the literature (excluding those from our

study) is shown by two thin horizontal dashed lines. The 95
percent reference ranges for our study (both observed and
predicted from the population parameters) are represented as
thick, dashed lines. Figure 2b,c  shows a similar analysis for
transferrin and transthyretin reference ranges, respectively.
For all three analytes, our ranges are similar to the consensus
estimate from the literature. Although there are a few extreme
estimates that vary greatly from the consensus, the majority
of the studies are consistent. Furthermore, the reference range
widths for children (56,106), when compared to an elderly
group (70), also are remarkably similar even though the me-
dian levels vary widely.

Ethnic Group-Specific Reference Ranges

A total of 25 studies included in the previous analyses re-
ported the race or ethnic heritage of the study subjects. The
majority, 19, reported measurements in Caucasian or mostly
Caucasian populations (4,5,7,13,24,38,45,49,65,68,69,73,
78,82,83,91,96,97,101). Four studied only black Africans
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(42,80,81,98) and two studied only Asians (28,66). Of the 10
studies providing reference ranges displayed in Figure 2a
(6,24,32,54,56,70,73,80,83,101), five did not provide infor-
mation on race, four were based on Caucasians, and one was
based on Blacks. Therefore, no claim for differences or simi-
larities in reference-range widths between races can be made
in this study.

DISCUSSION

With the considerable improvement in instrument perfor-
mance (107) and the availability of a stable, widely accepted
reference material (2), robust age- and gender-specific refer-
ence data have remained one of the last remaining barriers to
improving clinical interpretation. Until now, reference ranges
were based on relatively small numbers of study subjects but
had the advantage of often documenting individual health sta-

tus. Our companion study (3) reports reference data for albu-
min, transferrin, and transthyretin based on a much larger data
set with less reliance on individual health status. The current
study shows our reference data, in terms of both the median
and reference interval width, to be on average, consistent
with these smaller studies. The advantage of our larger study
is that the reference data can now be specified for any age
between 1 month and 85 years of age, for both males and
females.

The establishment of a reliable set of reference data for
males and females throughout life facilitates future reviews
comparing serum protein levels in similar populations. Labo-
ratories are being required to design and establish local refer-
ence ranges that can account for possible ethnic and
geographic differences. Protocols have been developed to
assist and guide laboratories in constructing and determining
serum protein reference ranges in local cohorts (103,104).

Fig. 2. Reference intervals from published studies. The bars represent the
interval between the 2.5th and 97.5th centile for each study with the number
of subjects above the bar. The horizontal axis shows the reference number
for each study. The selected centiles have been presented as multiples of the
median (MoM), compensating for age, gender and reference material differ-
ences between studies. Figure 2A, 2B and 2C show the analyses for albu-

min, transferrin and transthyretin measurements, respectively, on identical
logarithmic vertical axes. The horizontal dotted lines display the weighted
consensus value at the 2.5th centile and the 97.5th centile for previously pub-
lished studies. The broken bars represent the observed and predicted refer-
ence ranges from our large cohort study (3).
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This effort has been made easier with the completion of our
two studies (3,105). These reference data for presumed healthy
individuals also set the stage for estimating screening or di-
agnostic performance by establishing the distribution of
analyte values in individuals with specific diseases. The im-
portance of this knowledge is just becoming clear.
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