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Inflammation is associated with diverse
clinical conditions accompanied by charac-
teristic changes in serum levels of the acute-
phase proteins that can be used to stage the
inflammatory process and evaluate the im-
pact of treatment. Some acute-phase pro-
teins increase during inflammation, while
others, such as albumin, transferrin, and
transthyretin, decrease. The current study
reports reference ranges for serum levels of
albumin, transferrin, and transthyretin based
on a cohort of over 124,000 Caucasian indi-
viduals from northern New England, tested
in our laboratory between 1986 and 1998.
Measurements were standardized against
CRM 470 (RPPHS) and analyzed using a
previously validated statistical approach. In-
dividuals with laboratory evidence of inflam-
mation (C-reactive protein of 10 mg/L or
higher) were excluded. The levels of all

ing until the second or third decade of life
and then decreasing thereafter. Albumin and
transthyretin levels were higher during
midlife among males as compared to fe-
males; the maximum being at 25 years for
albumin (5%) and 35 years for transthyretin
(16%). In contrast, above the age of 10
years, transferrin levels were increasingly
higher among females (7% at 20 years).
When values were expressed as multiples
of the age- and gender-specific median lev-
els, the resulting distributions fitted a log-
Gaussian distribution. When patient data are
normalized in this manner, the distribution
parameters can be used to assign a corre-
sponding centile to an individual's measure-
ment simplifying interpretation. The ultimate
interpretation of an individual’'s measurement
relies upon the clinical setting. J. Clin. Lab.
Anal. 13:273-279,1999.  ©1999 Wiley-Liss, Inc.

three analytes varied by age, generally ris-
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INTRODUCTION possible with the advent of high quality analytical instrumen-

ation and the release of a respected reference material

. . . .- -t
Inflammation, the physiological response to injury, foreigii oy 1176/rppHS (1)). However, their clinical utility remains
bodies, or endotoxin, includes a characteristic regulatory fe-

sponsethe acute-phase response. These effects are mo mpered by a lack of age- and gender-specific reference data.

P ph 'SP : : Ilfhough manypublications have addressed the issue of ref-
lated by the multifunctional cytokines released b rence ranges for the acute-phase proteins, few have met the
macrophages at the site of insult, primarily interleuken-1,.~ ~ gest P P -
. : Fl’ltel’la of sufficiently large numbers, appropriate laboratory
interleuken-6, and, to a lesser extent, tumor necrosis factor L

. . : . methodology and standardization, and assessment of relevant

which control the hepatic synthesis and secretion of certﬁg ith status
proteins. While the levels of some proteins increase as parﬁl1 the currént study, comprehensive age- and gender-spe-
of the acute-phase response, the levels of albumin, transf '

I- ; !
rin, and transthyretin (previously known as thyroxine-bin a:ﬁlc reference values were determined for the three negative

ing prealbumin) are dowregulated, hence their grouping a

%i_cute-phase proteins: albumin, transferrin, and transthyretin.
; . he population is primarily Caucasians that have entered the
the “negative” acute-phase proteins. Measurement of these Pop P y

acute-phase proteins in serum is playing an increasingly impor-

tant role in the clinical evaluation of the pathophysiologic pro-
cess, but as with other serum proteins, effect on their levels t@sirespondence to: Robert F. Ritchie, M.D., Foundation for Blood Re-
involve many other processes apart from inflammation. search, Scarborough, Maine, 04074. E-mail: ritchie@fbr.org
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healthcare system. The inclusion criteria for this study wee age- and gender-specific smoothed median levels (MoM);

the same as that used previously to define reference ran(@gétting the reference observations (expressed in MoM) to a

for the immunoglobulins (2), with the modification that subset of Gaussian parameters; and (8) verifying the consistency of
jects with laboratory evidence of inflammation were excludedeasurements over time.

(CRP of 10 mg/L or higher). Acompanion paper (3) presents

a meta-analysis of these three negative acute-phase pro®RBSULTS

covering the years 1962-1998 and places the current fipds . . .
ings in that context. Selection of Diagnostic Groups to Form the

Reference Population

MATERIALS AND METHODS After a preliminary adjustment for age and gender, the
) ) median albumin levels were plotted versus the variance for
Serum Protein Reagents and Instrumentation each of the 90 groups with at least 20 observations (Fig. 1).

Antisera were obtained from several sources (DiaSori€ circles indicate the preliminary reference population (di-
Stillwater MN, and Midland Bioproducts, Scarborough, MEﬁ_gnostic codes 166 and above). The rectangle is drawn at the
Each batch of antiserum was compared to previous batch#8med meant 1.96 standard deviations for both the me-
for value recovery and proportionality in actual assays (Q}Ian levels (horlzo_ntgl axis) and log variances (vertical axis)
The buffer solution, antiserum characterization protocols, a@sed on the preliminary reference population. The squares
instrumentation (COBAS FARA system, Roche Diagnost/€Present the remaining 62 diagnostic groups. Overall, the
Systems, Nutley, NJ) were the same as for the previous stt§flian and log variances for 71 of the 90 groups lie within
(2). CRP was analyzed with the Behring BNA, (Dade Behrin@‘,e rectangle. Results from individuals within these 71 groups
Inc., San Diego, CA), using antisera and reagents supplf&npose the referent population for albumin. Individuals from

by the manufactureAll results have been normalized to CRMhe 19 diagnostic groups represented by filled circles or
470/RPPHS (1). squares were not included as part of the albumin reference

population. This analysis was repeated for transferrin and

transthyretin resulting in the inclusion of &fd 61 diagnos-

tic groups, respectively (figures available upon request).
The methodologies for selecting the referent individuals and

computing the reference ranges have been described in dét@mputation of Age- and Gender-Specific Median

elsewhere (2,5,6). Although individual health status was nétlues and Selected Centiles

collected, the diagnosis (or symptom) accompanying the samplghe number of referent individuals available to calculate

was used as a surrogate marker of health status. This has k@@lﬁence ranges for albumin, transferand transthyretin
shown to produce immunoglobulin reference ranges consistent

with those from much small studies where individual health A
status was evaluated (6). The current dataset differs from the = 0#1%03<* .
earlier one in two ways: (1) data prior to 1989 were not irg
cluded since CRP was not routinely measured; and (2) ad@- 0.0050
tional data from January, 1995, to June, 1998 was include'g. 1
Overall, these two changes increased the number of recogls 000307
available for study from 115,017 to 124,522. As before, diags 0.0020-
nostic strings were reviewed and assigned to one of 93 diagnd:s-
tic groups. In brief, the analysis for each of the analytes includeg:

(1) removal of 22,688 duplicate records (i.e., more than ore

entry for a single individual despite separation in time), 25,092 ]
records associated with CRP measurements of 10 mg/L or higher, 00050
1,609 records associated with missing age/gender, and 135

records with previously undiagnosed myeloma or other unus- Median Albumin MoM

able data; (2) prellmlnary normallz_atlon er age and genderFﬁS. 1. Scatterplot of albumin median levels versus variance for the diag-
ensure that differences between diagnostic groups was notldéc categories after preliminary adjustment for age and gender. Diagnos-
to a spurious age and/or sex association; (3) selecting diagfiosedes 100 through 165 are displayed as squat@8)( while codes 166

tic groups using an algorithm employing the population meaius! above are circles)®). The lower the diagnostic group number, the
and standard deviations found in pre-selected groups repreé@?fﬁ severe the illness or complaint. The rectangle represents the 95 per-

. beni di _n ti b d di | (§1Int confidence intervals (after trimming) of the median (horizontal axis)
ing benign diagnoses; (4) computing observed median lev g variance (logarithmic vertical axis) for the diagnostic categories 166

by age and sex; (5) fitting smooth curves through the obseryggl above. Open symbole () represent those categories whose values
median levels; (6) converting all assay results to multiplesaprise the reference population.

Selection of Patient Results
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were 57, 556, 56, 793, and 51,310, respectively. FigureA2 491
shows selected albumin centiles for maBsand females o o ., o o
(b). The logarithmic horizontal axis shows the average 3.0 o ° ©° 9000 050 ;000N
age for each interval while the logarithmic vertical axig 5 . eatt O.
shows the median albumin value (filled circles) along witf o oy .
the 5th and 95th centiles (lower and upper open circlds, ] Lo ° % e ° OO"Oooooood:, *
respectively).The observed centiles for individuals un2 o %
der age 10, 10-30, 30-80, and over 80 years old are bqged @
on about 50, 200-400, 1,000-1,500, and less than 300
observations for males, and about 50, 300-3,000, 3,000— °
1,000, and less than 500 observations for females, respec-
tively. The solid line indicates the predicted median levels 10 T s 1 2 3 5 10 20 50 A0
for albumin in males and the dashed line indicating the
predicted medians for females. Figures 3 and 4 display Age (years)
similar data for transferrin and transthyretin, respectivel 40-
For all three analytes, the increase in median levelsin b ., .
younger males and females is fitted by a straight line. Al- o . 0% Y000,
though median levels of the analytes do change durirg 301 S0 Ooci.m.. ’
E o o° C)Ooo ”
A. ] o o 0000‘3000 % 2.01 o ° o - OOOOOOO@%{E
50 o ° oy 00 o Oo%o § o
I R e 0 F "
:l . eve ®
% 40- o . Oooooooooooo .'
= [} o Og
§ 35 coe . 10 o5 4 23 5 10 20 50 100
< [e]
oA Age (years)
304
© Fig. 3. Transferrin centiles and medians versus age. The data is presented
in the same format as Figure &.and B show the transferrin results for
25 T T T males and females, respectively.
2 3 5 10 20 50 100
Age (years) . . . . .
this time period, little difference is seen by gender for any
B 5. of the three analytes. The pattern becomes more compli-
: o o cated in older individuals. It should be noted that the com-
501 © o © 99 %o0a00000 plexity of the curves is partially the result of the
_ 45 I Y % logarithmic nature of the x-axis. Beyond age 10, complex
g L . "“"-...'. changes reflect physiologic maturation and aging not un-
z 409 ° . “\ like other parameters, such as anthropomorphic features
E o 0 %6 % %0 00%,, and more familiar biochemical measurements. There is
§ 1 ° O"% significant difference in the albumin and transthyretin
o median levels for males and females beginning at about
0 ¢ 10 years of age; males have, on average, higher levels. At
about age 70, the differences between males and females
25 g have disappeared. Transferrin values are relatively con-
08 1 23 8 102 %0 10 giant during the first four decades of life, and for later
Age (years)

Fig. 2.

ages, females have consistently higher levels. For each

Albumin centiles and medians versus age. The individual's aggalyte, the distances from the median to the 95th centile

is displayed on the horizontal logarithmic axis versus the albumin level ghd from the median to the 5th centile are approximately

the vertical logarithmic axis. The closed circl@) fepresent the observed equa| across the entire age ranms indicates that each

median level; the lower and upper open circle} (fepresent the observed
5th and 95th centiles, respectively. The lines represent the predicted

gfthe distributions are symmetric after a logarithmic trans-

dian values.A and B show the albumin results for males and female§Ormation, and that the variances of the distributions do

respectively.

not change appreciably by age. Table 1 contains the gen-
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Fig. 4. Transthyretin centiles and medians versus age. data is pre-

Fitting the Reference Data Expressed in Multiples
of the Median (MoM) to a Population Distribution

Figure 5 shows probability plots of approximately 2,000
albumin, transferrin, and transthyretin measurements (ex-
pressed in MoM). The samples were randomly selected to
equally represent each year of age. The albumin measure-
ments (Fig. 5a) fitted the distribution well between the 4th
and 99th centileflogarithmicmean and standard deviation
of 0.0000 and 0.0408, respectively). The transferrin (Fig. 5b)
measurements fitted well between the 2nd and 99th centiles
(logarithmic mean and standard deviation of 0.0000 and
0.0651, respectively). The transthyretin (Fig. 5¢) measure-
ments fitted well between the 5th and 9&¢htiles (logarith-
mic mean and standard deviation of 0.0000 and 0.0838,
respectively) When this analysis was restricted to individu-
als less than 10 years of age or between 70 and 85 years of
age, the logarithmic means were similar to the overall values
(within+ 0.006). The log standard deviations were fairly con-
sistent among the youngest group (withidO percent) ex-
cept for transferrin (20 percent lower). For the oldest age
group, the log standard deviations for the three proteins were
consistently higher by 15-18 percent.

Predicting Age- and Gender-Specific Centiles

Because the parameters summarize the distributions well
(at least between about the atid 99th centiles and for those
under age 70), any result within this range can be assigned an
age- and gender-specific centile. Table 2 contains the pre-

sented in the same format as Figura andB show the transthyretin results dicted 2.5th, 50th and 97.5th centiles for selected age and
for males and females, respectively.

gender categories using the log-Gaussian parameters. As a
further example, consider a transthyretin measurement of 0.30

der-specific regression equations along with the age rargge. If this value were to be reported for a 40-year-old male,
over which each equation is valid for albumin, transferriit, would be considered relatively normal (multiple of the
and transthyretin median values. A sample equation canniiedian of 0.97 [0.30/0.31] and would be assigned the 44th

found as a footnote toigure 1.

centile [z-score of —0.16 ((log(0.97)—log(1.00))/0.0838)].

TABLE 1. Regression models and coefficients for median albumin, transferrin, and transthyretin measurements by age

and gender
Age range (years)  constant Coeficients
Analyte Sex From To A0 Al A2 A3 A4
Albumin Males 0.5 11 1.63478606 0.014205592 0 0 0
12 85 1.35054741 0.46941064 —0.17664158 0 0
Females 0.5 10 1.63800583 0.014213492 0 0 0
11 85 2.27913852 —-1.49907809 1.25780763 —0.42745149 0.042963302
Transferrin Males 0.5 13 0.42295661 0.011456115 0 0 0
14 85 3.29141786 —-5.78912162 3.84087508 —0.84415289 0
Females 0.5 6 0.40938625 —0.00191626 0 0 0
7 85 -1.64206324 6.26478635 —6.90771775 3.30738655 —0.58440182
Transthyretin Males 0.5 7 —0.75675111 0.026760158 0 0 0
8 85 -1.62176424 1.41808057 —0.45322732 0 0
Females 0.5 7 —0.75677126 0.039536114 0 0 0
8 85 —-4.06809704 8.98762426 —8.72870207 3.77332336 —0.61048899

The general form of the equation is Median #410A*"

ig 1(J1-35054741 + 0.46941064 * log(20) ~ 0.17664158 * log(20) * log3P)4 s g gL

log(age) + A2 * Log(age)"2 + A3 * log(age)"3 + A4 * log

(@9®)¥he median albumin level for a 20-year-old male
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However, if the value were from a 7-year-old female, the clini-
cal implication would be quite different (1.58 multiples of
the median [0.30/0.19] and would be assigned the 99th centile
[z-score of 2.37 ((log(1.58)-log(1.00))/0.0838].

Verification of Results Over the Course
of the Study

The median MoM level was reasonably consistent for all
three analytes over time (1.00 with an observed 95 percent
confidence oft 0.06,+ 0.06,+ 0.04 for albumin, transferrin,
and transthyretin, respectively). With the large numbers avail-
able for each quarter (approximately 1,500), these confidence
intervals are wider than expected based on the population
variances, but likely represent the best control over pre- and
intra-analytical assay conditions that can be achieved in rou-
tine practice. The average age of patients rose slightly during
the study from 49 to 51 years of age while the percentage of
males decreased from 34 to 31 percent.

DISCUSSION

Recent evidence has underscored the value of assessing
the acute-phase response in a wide range of conditions (7,8).
Now that the technology for serum protein measurement has
reached a high level of automated precision and accuracy,
and that a widely accepted reference material is available (1,9),
the remaining barrier preventing more effective use of acute-
phase protein measurements is the availability of a robust set
of age- and gender-specific reference ranges. Until the ap-
proach to personal, life-long medical care advances to the
point that individual reference intervals are practical and af-
fordable, reference ranges such as those reported here are the
best we can achieve.

The present study is a sequel to the development of refer-
ence ranges for the three major immunoglobulins from a single
laboratory (2,10). An additional feature of this study was the
removal from analysis all referent individuals with a CRP
value of 10 mg/L or higher—a clinical cut-point usually ac-
cepted in the United States as an indicator of active inflam-
mation. This step is an effort to simplify the introduction of
useful reference ranges for three of the negative acute-phase
proteins. Inflammation, or the acute-phase response, is a ubig-
uitous condition present in all animals at all times. It repre-
sents a normal, curative process for the repair of tissue damage
due to injury, necrosis, or microbial invasion. Common prob-
lems such as minimal periodontal disease, local infection of
the genito-urinary and respiratory tracts likely stimulate the

Fig.5. Probability Plots of Negative Acute-Phase Protein Measureme@§Ute-phase response, but to levels not presently considered
Expressed as Multiples of the Median (MoM). Approximately 2,000 oi&bnormal. Arecent publication, however, has shown that even

served MoM values uniformly selected by age from both males and f@|ative|y low levels of the acute-phase proteins can act as
males age 1 to 85 years old are plotted vertically on a logarithmic axis ?ﬂ?rbingers of significant disease (11)

horizontally on the Gaussian centile scale. The latter is based on the ran
of the observation. If the points fit a straight line, the distribution is log-

L1’he negative acute-phase proteins, albumin, transferrin, and

Gaussian.A, B, and C show results for albumin, transferrin, andtransthyretin, while less dramatic in their response to acute
transthyretin, respectively.

inflammation then the positive acute-phase proteins, are, nev-
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TABLE 2. Predicted albumin, transferrin, and transthyretin medians and selected centilies stratified by age and gender

Decimal Albumin (g/L) Transferrin (g/L) Transthyretin (g/L)
age (years) 25 50" 97.5" 25N 50" 97.8" 2.5" 50" 97.8"
Males
1.0 35.9 43.1 51.9 1.86 2.65 3.77 0.12 0.18 0.26
4.0 36.6 44.0 52.9 1.89 2.69 3.83 0.12 0.18 0.27
7.0 36.9 44.3 53.3 1.90 271 3.86 0.13 0.18 0.27
10.0 37.1 44.6 53.8 1.91 2.72 3.88 0.15 0.22 0.32
14.0 37.7 45.3 54.5 1.89 2.70 3.84 0.18 0.26 0.37
18.0 38.1 45.9 55.1 1.79 2.55 3.64 0.19 0.28 0.41
20.0 38.2 45.9 55.2 1.77 2.52 3.60 0.20 0.29 0.42
30.0 37.9 45.5 54.8 1.76 251 3.58 0.21 0.30 0.44
40.0 37.0 44.6 53.6 1.78 2.53 3.61 0.21 0.31 0.45
50.0 36.1 43.6 52.3 1.77 2.53 3.60 0.21 0.30 0.44
60.0 35.2 42.3 50.9 1.74 2.49 3.54 0.20 0.29 0.43
70.0 34.3 41.2 49.6 1.70 242 3.44 0.19 0.28 0.41
80.0 334 40.2 48.3 1.63 2.33 3.31 0.19 0.27 0.40
Females

1.0 36.1 43.5 52.2 1.80 2.57 3.66 0.12 0.18 0.26
4.0 36.9 44.3 53.3 1.80 2.56 3.65 0.13 0.18 0.27
7.0 37.2 44.7 53.7 1.83 2.61 3.72 0.13 0.19 0.28
10.0 37.3 44.9 54.0 1.92 2.74 3.91 0.15 0.23 0.33
14.0 36.6 44.0 52.9 1.91 2.72 3.88 0.17 0.25 0.36
18.0 36.3 43.7 52.5 1.88 2.68 3.82 0.18 0.26 0.37
20.0 36.3 43.6 42.4 1.87 2.66 3.79 0.18 0.26 0.38
30.0 35.0 43.3 52.0 1.83 2.61 3.72 0.18 0.26 0.38
40.0 35.6 42.8 51.4 1.82 2.60 371 0.18 0.26 0.39
50.0 35.1 42.1 50.7 1.82 2.59 3.69 0.18 0.27 0.39
60.0 34.4 414 49.7 1.80 2.57 3.66 0.18 0.27 0.39
70.0 33.7 40.6 48.8 1.77 2.53 3.60 0.18 0.27 0.39
80.0 33.0 39.7 47.8 1.73 2.47 3.52 0.18 0.26 0.39

ertheless, responsive to chronic illness due to inflammatidrely homogeneous Caucasian population. It was also not
necrosis, malnutrition, and even subclinical malignancy (1Possible to take into account individual usage of tobacco prod-
In particular, albumin is used worldwide as an indication otts, over the counter anti-inflammatory medications, con-
nutritional status without consideration or knowledge of theaceptives, or hormone supplementation. Since the half-life
inflammatory status of the subject. Transferrin, in its role a$these drugs is short, only carefully designed studies could
the transport protein for ferric iron in vivo, is more resporiake their usage into account. As shown in the companion
sive to synthesis-reducing pathology than is albumin, whipaper (3) our data compares favorably with previous small
transthyretin is the most sensitive of the three to down-regtddies which employed formal guidelines defining health
latory signals. Conversely, transferrin and transthyretin systatus (5,6).
theses are stimulated by commonplace situations wherea&lthough the observed data fit a Gaussian distribution fairly
albumin is not. Transferrin and transthyretin syntheses chamgs! after logarithmic transformation, there was some devia-
as the result of decreased iron stores and as the result ofies; especially in the lower tails of the distribution (Fig. 5).
trogen stimulation (13,14) endogenous or exogenous, whilés possible that a small percentage of our reference popula-
transthyretin levels rise with anti-inflammatory medicationtson is not healthy or has some condition that causes abnor-
including overthe-counter products (15,16). It is particularlynally low levels of these three analytes that would not be
important, therefore, to make available reference ranges floaind in a truly healthy population. The fitted line on Figure
cover individuals without perceivable inflammatory conditiorb may represent the “true” population better than the observed
Hence the step of removing from consideration individuals wittata does. In support of this possibility, we found the fit of all
laboratory evidence of significant inflammatory drive. three analytes to be improved when the values with elevated
The current study is sufficiently large to reliably estimatéRP were removed (data not shown).
the effects of age and gender from a cohort of Caucasian€onverting laboratory results to a multiple of the age- and
tested in a single laboratory using one methodology that vgeesmder-specific medians (MoM) has several advantages. Once
calibrated against a single reference material. This study ttes conversion has been accomplished, the resulting values
the limitation that it is presently applicable only to a relder each analyte fit a logarithmic Gaussian distribution rea-
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sonably well, allowing each MoM level to be assigned a WY Re_ference distripu_tions for immunoglobulins A, Gapd M: A prac-
centile. Thus, a laboratory measurement can be reported noti¢a!: simple and clinically relevant approach. J Clin Lab Anal

. . . 1998;12:363-370.
only in ma_lss units, k_)Ut also, through F:on_v_ersmn to MoM, bé(. Ritchie RF, Palomaki GE, Neveux LM, Navolotskaia O. Reference val-
the associated centile based on that individual's age and SeXues for albumin, transferrin and transthyretin: a comparison of the world's

This process greatly simplifies the clinical interpretation of literature to a single large cohort. J Clin Lab Anal 1999;13:280-286.

these serum protein values 4. Hudson GA, Poulin SE, Ritchie RF. Twelve-protein immunoassay pro-
file on the COBAS FARA. J Clin Lab Anal 1987;1:191-197.

5. National Committee for Clinical Laboratory Standards. How to define
and determine reference intervals in the clinical laboratory; Approved

For the first time. a Iarge homogeneous cohort has beenguideline.Approved Guideline. NCCLS Document C28-A. NCCLS,
’ 771 East Lancaster Avenue, Villanova, Pennsylvania 19085, 1995.
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cant active inflammation. The values are consistent with a The concept of reference values. Clin Chim Acta 1987;87:461F—465F.

review of much smaller studies in the world’s literature whicl{- Maes M, Wauters ANeels H, Scharpe S, Van Gastel BHondt P,

often verify the health status of each participant (6). For theseC0Syns P. Desnyder R. Total serum protein and serum protein fractions

Ivtes. both age and gender are important covariates to th in depression: relationship to depressive symptoms and glucocorticoid

analytes, 9 g p gctivity. J Affect Disord 1995;34:61—69.

normal ranges and therefore necessitate separate referegicgyce PR, Hawes CR, Mulder RT, Sellmen JD, Wilson DA, Boswell

ranges. Converting the analyte measurements to multiples ofbR. Elevated levels of acute phase proteins in major depression. Biol

the age- and gender-specific medians simplifies interpreta- Psychiatr 1992;32:1035-1041. - ‘ _

tion and enhances the clinical utility of their measurementg; L€dueTB, Johnson MJ, Cohen LA, Ritchie RF. Evaluation of profi-

After verification of the approbriateness of medians presented ciency survey results for serum immunoglobulins following the intro-

. p_p _p - p duction of a new international reference material for human serum
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