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Most clinical conditions are accompanied
by corresponding changes in serum levels
of some, if not all, of the acute phase pro-
teins. While conditions that affect the acute
phase proteins are usually inflammatory in
nature, non-inflammatory conditions also
can cause changes (e.g., malnutrition, some
malignancies without secondary inflamma-
tion, and genetic polymorphism). Only after
the confounding effects of non-inflammatory
conditions are taken into account can these
measurements be used to detect and stage
the inflammatory process and to evaluate
the impact of treatment. In this third article
in a series, reference ranges for serum lev-
els for three of the acute phase proteins that
increase during inflammation are examined:
a;-acid glycoprotein (orosomucoid), a;-an-
titrypsin, and haptoglobin. The study is
based on a cohort of 55,199 Caucasian in-
dividuals from northern New England, tested
in our laboratory between 1994 and 1999.
Measurements were standardized against
CRM 470 (RPPHS) and analyzed using a
previously described statistical approach.
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Individuals with unequivocal laboratory evi-
dence of inflammation (C-reactive protein
of 10 mg/l or higher) were excluded. Levels
of aj-acid glycoprotein changed little dur-
ing life and between the sexes. Levels of
o-antitrypsin varied somewhat by age, ris-
ing slightly beyond age 55; males followed
a pattern similar to that for females. For this
protein, it was necessary to apply two equa-
tions to describe the lower levels associ-
ated with certain phenotypes. Haptoglobin
levels fell significantly during the first de-
cade of life for both males and females and
climbed thereafter. Males and females dis-
played a similar pattern. When values were
expressed as multiples of the age- and gen-
der-specific median levels, the resulting dis-
tributions fitted a log—Gaussian distribution
well over a broad range. When patient data
are normalized in this manner, the distribu-
tion parameters can be used to assign a
centile corresponding to an individual’s
measurement, thus simplifying interpreta-
tion. J. Clin. Lab. Anal. 14:284-292,
2000. ©2000 Wiley-Liss, Inc.
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The traditional acute phase response is a physiologicalfrem damaged red cells into the circulation (e.g., extracorpo-
action to injury, foreign bodies, or endotoxin. It is a regulaeal oxygenation, crush injury and impact sports, or adminis-
tory response critical to the body’'s effort to maintain dration of outdated blood). Precise measurement of these
re-establish homeostasis. These effects are modulated byptia¢eins in serum plays an increasingly important role in the
production of multifunctional cytokines, which are resporelinical evaluation of the pathophysiologic process.
sible for the up- or down-regulation of synthesis of this hepa-Wide use of high-quality analytical instruments together
tocyte-derived family of proteins. with the release of a reliable reference material (CRM470/

The primary cytokines (interleukin-1, interleukin-6, andRPPHS (1)) now provides clinicians with accurate labora-
to a lesser extent, tumor necrosis factor) control the hepatic
synthesis of the acute phase proteins. Levets-aicid gly-
coprotein (estrogen transpont)-antitrypsin (proteinase in- «correspondence to: Robert F. Ritchie, M.D., Foundation for Blood Re-
hibition), and haptoglobin (hemoglobin binding) increasarch, 69 U.S. Route One, P.O. Box 190, Scarborough, Maine 04074.
within hours of insult. Conversely, haptoglobin levels can fditmail: ritchie@fbr.org or palomaki@fbr.org
to zero within a few minutes of the release of hemoglobReceived 25 May 2000; Accepted 21 June 2000

© 2000 Wiley-Liss, Inc.
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tory measurements. Hampering the diagnostic and prognosde was present, the lowest (most severe) was used. The
tic utility of serum protein measurements is the lack of relialdéagnostic groups 166 and above (with the exception of 170,
age- and gender-specific reference data. Although frequemiggnancy) were designated as the preliminary reference
addressed in the literature, the issue of satisfactory referepopulation.
ranges for the acute phase proteins has not been accomplished.
Most studies do not meet the criteria of a large numberﬁéfinement of the Reference Pooulation
cases, appropriate laboratory methods and standardization, P
and health assessment of relevant study subjects. The methodologies for selecting referent individuals and
The work described here complements our previous studiesnputing the reference ranges have been described in detail
on the negative acute phase proteins (2) and the immunoglsewhere and above (2,3,5). However, in brief, determining
bulins (3). The population is primarily composed of Caucasiarich of the diagnostic groups would contribute to the final
individuals who have entered the health care system. A caeference population required the use of a published method
panion paper (see this issue p 265-270) presents a meta-atizy-employs symmetric trimming of values prior to calculat-
sis of these same three proteins covering the time period frioig means and standard deviations (5). In this way outliers
1962 to 1999 and places the current findings in that contextvere identified among the diagnostic group parameters asso-
ciated with codes of 166 and higher. A logarithmic transfor-
MATERIALS AND METHODS mation of the variance corrected for the non-gaussian right
skewness of the observed data. The resulting trimmed mean
valuet 1.96 standard deviations (for both the median and the
Antisera were obtained from several sources (Atlantic Aleg variance) defined limits of acceptability. Measurements
tibodies, Scarborough, ME; INCSTAR, Stillwater, MN; androm any diagnostic group falling within the limits were con-
Midland Bioproducts, Scarborough, ME), after assurance tisedered reference values, and those falling outside were not.
the materials were sufficiently specific, potent, and stable (2).The current data set is similar to the previous one (2) with
Each new batch of antiserum was compared to previdhe exception that the current cohort was for a shorter period,
batches for value recovery and proportionality in actual agamely, September 1994 through September 1999. Because
says (4). A clarified, delipidated, commercially available seemmercially available calibrants for-antitrypsin fluctu-
rum calibrant was used during the study (INCSTARated unacceptably prior to the introduction of CRM 470, data
Stillwater, MN). Values for this pool were obtained from theollected before 1994 were omitted and a new later subset
International Reference Preparation for Proteins in Humasas added. After exclusion of patient records due to duplica-
Serum (RPPHS) (Certified Reference Material 470) (1). Thien (and other reasons (2)), 55,199 were available for study.
basic reference material is obtainable from either the Burdawddition to the statistical selection process used previously
of Community Reference in Brussels or the College of Ame(b), we used a statistical model (6) to describe the phenotypic
can Pathologists (Chicago, IlBuffers, other reagents, andsubpopulation ofa,-antitrypsin as evaluated by electro-

Serum Protein Reagents and Instrumentation

the analytic instruments were identical. phoretic Pi typing.
a;-Antitrypsin is affected by two commonplace circum-
Selection of Patient Results stances: increased estrogenic drive (7—13) and the genetic

make-up of the individual. The circulating protein can be
found in at least 75 different isoforms, four of which can de-
Overall, the great majority of samples had an associaéss circulating levels significantly (9,10). In order to model
diagnosis or symptom provided by the referring physiciatie expected distribution of-antitrypsin values in a popu-
Because these alphanumeric strings varied greatly (olation with varying rates of phenotypic expression, the fol-
28,000 unique alphabetic strings), they were classified iftaving four groups were computer generated using parameters
93 groups by a clinician experienced in the interpretationadnsistent with our local population. The first represents that
serum protein measurements (RFR). Diagnostic groups wgignotype with a synthetic rate that is considered normal
codes between 101 and 165 contained individuals with digg+*MM, 100%), making up 93.3% of our population. The
noses that were expected to have a large impact on sesa@eond group, occurring in 3.5% of the population, has mod-
protein levels (e.g., multiple myeloma, cirrhosis, hepatitisrately reduced rates (averaging 80% of normal for PI*MS,
infection, lung disease, leukemia, renal failure, immunod&0% for PI*MZ, and several other phenotypes of synthesis
ficiency, or thyroid disease), while diagnostic groups 168 a,-antitrypsin). The third group comprising 3.1% of the
through 195 contained individuals with conditions expectgapulation produces only about 40% of normal (PI1*SZ). The
to have minimal or no effect on serum protein levels (e.tpst group is rare, about 0.1% or less, and produces very low
allergies, hypertension, headache, neck pain, neuropathy, $swvels of the protein (20% or less, for PI*ZZ and other very
cope, seizures, fatigue, or depression). Code 100 indicataied genotypes, PI*Snull, PI*Znull, and PI*null/null). Under
that no diagnosis was provided. If more than one diagnotie assumption that population variances for these groups are

Coding of Diagnosis/Symptom Strings
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similar, random measurements from these four groups wesgeented by filled circles or squares were not included as part

taken proportionately to simulate the expectedntitrypsin  of thea;-acid glycoprotein reference population. This analy-

population distribution and used as a comparison to our @iz was repeated fag-antitrypsin and haptoglobin, resulting

served distribution (in multiples of the median (MoM)). in the inclusion of 60 and 51 diagnostic groups, respectively
(figures available upon request).

RESULTS

Computation of Age- and Gender-Specific Median

Values and Selected Centiles

After preliminary adjustment for age and gender, the mel There were 29,673, 30,596, and 27,382 referent individu-

. . : als available after the above selection process to calculate
diana;-acid glycoprotein levels were plotted versus the vari-

ance for each of the 85 diagnostic code groups (2) withLze}ie{gnlgiirr?n?eess Lc:i-i\a;g:d gllilcsrpgozteérr%\;\zntslte?;p;g&i%d
least 20 observations (Fig. 1). The circles indicate the p ptog > Fesp Y- 9

re- . : : .
liminary reference population (codes 166 and above) Cza‘fgcoprotem centiles for males (Fig. 2A) and females (Fig.

. ; . . . The logarithmic horizontal axis shows the mean age for
prising relatively benign diagnoses that are not expecte . . o : .

. . .each interval, while the logarithmic vertical axis shows the
have much impact of serum protein levels. The squares indi

cate the diagnostic groups with codes 165 and below, wh%n]r%(gf ;ﬁé-ggigzﬁgspr(?(:\?vlgr\/;rizeugglgrdoireCr:ecSiZc?leosn?e\ggz:c-

major protein effects are expected. The rectangle is drawr). St : U
the trimmed mean + 1.96 standard deviations for both t“r/eely)' The observed centiles for individuals under age 10,

median levels (horizontal axis) and log variances (vertical

Selection of Diagnostic Groups to Form the
Reference Population

axis). Overall, the median and log variances for 64 of the 85 2.0
groups lie within the rectangle. Results from individuals withig oo oo
. . = o
these 64 groups compose the referent populatiom,facid 2 . ° o © 4 9950005
. « . . . o o
glycoprotein. Individuals from the 21 diagnostic groups rejg . ©%
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Fig. 1. Scatterplot ofx;-acid glycoprotein median levels versus variancg

for the diagnostic categories after preliminary adjustment for age and géh- Age (years)

der. Diagnostic codes 100 through 165 are displayed as squariil)(

while codes 166 and above are circles @). The lower the diagnostic Fig. 2. aj-Acid glycoprotein centiles and medians versus age. The
group number, the more severe the illness or complaint. The rectangle negividual’s age is displayed on the horizontal logarithmic axis versus the
resents the 95% confidence intervals (after trimming) of the median (hari-acid glycoprotein level on the vertical logarithmic axis. The closed circles
zontal axis) and variance (logarithmic vertical axis) for the diagnost{®) represent the observed median level; the lower and upper open circles
categories 166 and above. Open symbdls () represent those categories(O) represent the observelt! 8nd 9% centiles respectively. The lines rep-
whose values comprise the reference population. Closed syn@oll)( resent the predicted median values. Pahélgpper) and (lower) show the
represent categories not included in reference ranges. az-acid glycoprotein results for males and females, respectively.
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10-30, 30-80, and over 80 years old are based on about 25, 39 . o
70-500, 300-1000, and less than 300 observations for males, 291 . ° R S
and about 25, 100-1500, 800-2,400, and less than 400 obser- * 0 %0° e
vations for females, respectively. The solid line indicates tie %, 5 o
fitted median levels fon-acid glycoprotein in males, andg %73 e T
the dashed line indicates the fitted medians for females. fe- % o o°o°°°°°°°%
sults from patients younger than 1 month or older than §5 034 . °
years were not included in the regression analysis. Figure§3 024 ° o °
and 4 display similar data fag-antitrypsin and haptoglobin, o ° o °
respectively. For all three analytes, a straight line fits the %' °
median levels in both younger males and females. The pat- _ ¢
tern becomes more complicated in older individuals, reflect- o5 1 2 3 7857710 20 T Tso T ite
ing physiologic maturation and aging, similar to data for other
. Age (years)
parameters, such as anthropomorphic features and more fa-
miliar biochemical measurements.
There is less than a 10% difference in theacid glyco-
protein median levels between males and females through 3. R o
life, and those levels vary only slightly by age. Bhentit- 2.0] o 0% 64000 ° ° 000009
rypsin values change little during the first decade of life. . “‘\\'\\ ° PR
Haptoglobin levels for both males and females drop by a fag- 1.0 Thee, T
tor of 2 during the first decade of life and nearly double l:q? 0.7 : T oo TR
age 80. Table 1 contains the gender-specific regression ecgla- %5 . 950002
,_8., 0.3 °
25, § 0.2] ° ,00°°
2.04 <] 0.14
% v °ooo o0 oo°°o°"°OOOCLD
E 1 . oo . AT AR B T B RN T AT
s . . . . .
,% . S ° * Age (years)
T o o o
:'- 1.0 *o o ° o° ° o o Oom@o Fig. 4. Haptoglobin centiles and medians versus age. The data are pre-
e e sented in the same symbol format as Fig. 2A (upper) and 2B (lower) and
° show haptoglobin results for males and females, respectively.
AR RN 273 785 710 20 7 "0 doo
A tions foras-acid glycoproteing;-antitrypsin, and haptoglo-
Age (years) bin median values along with the age range over which each
2.5. equation is valid. A sample calculation can be found as a foot-
0o o note to Table 1.
. 2.0; . ° % & Fora,-acid glycoprotein, the distance from the median to
S 0 °% e o the 95 centile and that from the median to tHecBntile are
%’ sl . i :u.,‘-g**-»,..w"ﬁ' _approximately equz_il across the enFire age range (I_:ig. 2).This
g . . e |nd|c_ates that the dl_strlbgtlon of-acid g_lycoproteln is sym-
= o° metric after a logarithmic transformation and that the vari-
3 oo °%0.° oo o °m°° ance of the distribution does not change appreciably by age.
g 10 R Forag-antitrypsin (Fig. 3) and haptoglobin (Fig. 4) measure-
° ments, the Bcentile is farther below the median than th& 95
centile is above, indicating asymmetry. This asymmetry may
O 3% "5 "T0 20 50 ‘100 Dbe due to genetic variations forantitrypsin and undeclared
B bruising or physical hemolysis in a relatively large fraction
Age (years)

of the population, leading to lower than haptoglobin expected
Fig. 3. aj-Antitrypsin centiles and medians versus age. The data are ;Jl%\-/els' In addition, the interval width between tafid 98

sented in the same symbol format as Fig. 2A (upper) and 2B (lower) &RNtiles appears to be broader in young children compared to
showa;-antitrypsin results for males and females, respectively. teenagers and adults for bothantitrypsin and haptoglobin.
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TABLE 1. Regression models and coefficients for mediay-acid glycoprotein (AGP),ou-antitrypsin (A1AT), and haptoglobin
(HPT) measures by age and gender

Age range (years) Constant Coefficients
Analyte Sex From To A0 Al A2 A3 A4
AGP Males 0.5 9 -0.057731 -0.029216 0 0 0
10 85 11.4526 -32.8168 34.1405 -15.4503 2.57609
Females 0.5 19 0.027757 -0.108020 0 0 0
20 85 —0.630965 0.592427 -0.148026 0 0
ALAT? Males 0.5 9 0.146821 0.017497 0 0 0
10 85 0.559442 -0.600308 0.204274 0 0
Females 0.5 13 0.169880 —0.0178556 0 0 0
14 85 -3.09815 6.70620 -4.52758 1.00304 0
HPT Males 0.5 10 0.047023 -0.211539 0 0 0
11 85 -1.29116 1.50695 —0.400771 0 0
Females 0.5 9 0.140607 -0.272984 0 0 0
10 85 -3.09463 5.77852 -3.56934 0.755173 0
The general form of the equation is Median 4! l°9(age) + A2 log(age)'2 + A3 log(age)"3+ 4 log(age)™4)
2The mediuno-antitrypsin level for a 20-year-old female isP§%815 * 6.7062109(20) - 4.52758 log(20) log(20) + 1.00304 log(20) log(20) IogfgOp 49
Fitting the Reference Measurements Expressed in viation of 0.3010 and 0.0904, respectively) after the addition
Multiples of the Median (MoM) to a Population of a constant value of 1.00. The addition of a constant was
Distribution necessary because of a poor fit below tHecgbtile that was

s : .. still evident even after a simple logarithmic transformation
Each individual reference measurement (in mass units) was o o
then converted to a multiple of its age- and gender-spec |<:ata not shown). The logarithmic mean of MoM distribu-

h?ns in apparently healthy individuals is usually 0.0000 (log

median value. Figure 5A-C shows probability plots composs 1.00). Since a constant value of 1.00 is added to each hap-

of approximately 2,000 normalized referent measuremeiis, i y1onvalue, the logarithmic mean for this distribu-
foray-acid glycoproteing-antitrypsin, and haptoglobin (€x- ;i) 361 (i.e., the logarithm of 2.00). The following is a
pressed in MoM), respectively. The samples were ramlon%fé)/mple calculatior,1 for thé"Sentile of haptoglobin. The"s
selected to equally represent each year of agécid gly- ’

coprotein measurements (Fig. 5A) fitted the distribution w ntile is 1.645 standard deviations below the mean value.

between the*land 99 centiles (logarithmic mean and stan- ive_n the populatitzn mean and standarq o!eviation values
dard deviation of 0.0000 and 0.1155, respectively). provided above, the"xentile for haptoglobin is 0.42 MoM

(~1.645 x 0.0904) + 0.3010] H nli
Measurements oft,-antitrypsin (Fig. 5B) fitted well be- l(Jlofthe age- and endi)r.-sT he;<s:i:°/i2|umeeg?;ntczlrsjleaetomelﬂ“rpe“sesd the
tween the 10 and 99 centiles (logarithmic mean and stan Y 9 9 P P

o : 5" centile in mass units for any given individual.
dard deviation of 0.0000 and 0.0689, respectively). The PO hen this analysis was restricted to individuals less than

fit at lower centiles is likely due to the effect of genetic varifi-q years of age or over 85 years of age, the logarithmic means

tion in the amount of protein released by otherwise nornig re similar to the overall values (within 0.032) for all three

, : . e
hepatocytes. The synthetic capacity of the various alleles Has. . L
beFe)n We)I/I describeg(Q). A data‘l)tranysformation in the form %rfotems. The log standard deviations of the older groups were

. ... reasonably consistent with the consensus values (all three
+ L
log(MoM + C), was attempted to straighten the dlstnbutlonIthln 7%). For the youngest age group, however, all three

but was unsuccessful. In order to better fit the data below Wm O . . .
h . . ) rotein distributions were broader with constant increases in
10" centile, a second line was fitted below a MoM level

1ati 0, 0, 0 I
0.80 (logarithmic mean and standard deviation of 0.1248 g standard deviations of 16%, 32%, and 56%, respectively.

) : . -T'he increase in standard deviation was so large for haptoglo-
0‘16.89' respgctlve_ly). The shape (.)f this prob_abl_llty p lot (Flgin measurements that a second standard deviation of 0.1409
5B) is nearly identical to that of a simulated distribution com-

. . . . .~ was used to estimate centiles for children 12 and under rather
posed of weighted genotypic subpopulationsifeaintitrypsin L
. ) R . . than the consensus standard deviation presented above. There-
described in the methods. Simplifying the interpretation P

this data is the fact that few conditions other than genetic Ay the & centile of haptoglobin for children age 12 and

" 645 x 0.1409 + 0301%
pression of synthesis result in depresseantitrypsin levels, ydunger would be 0.17 MoM (10 1) rather
S . : than the 0.42 MoM for used for adults.
especially in the apparently healthy. The exceptions in pathol-
ogy are associated with severe protein-losing states sucfb
the nephrotic syndrome and protein-losing enteropathy.
Haptoglobin measurements (Fig. 5C) fitted well betweenWithin this range of centiles fitted above, patient values

the T and 99 centiles (logarithmic mean and standard dean be assigned an age and gender-specific centile. Table 2

raesdicting Age- and Gender-Specific Centiles
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30, were to be reported for a 40-year-old male, it would be con-
% sidered relatively normal (multiple of the median of 0.98 [1.30/
= 1.32] and would be assigned thd'4®ntile g score of —-0.13
< ((log(0.98) —log(1.00))/0.0689)]. However, if the value were
g from a 20-year-old female, the interpretation would be quite
8 0 different (0.87 multiples of the median [1.30/1.49] and would
) o] be assigned the $%entile g score of —0.88 ((log(0.87) —
2 log(1.00))/0.0689)].
‘.“‘_ 0.5]
° ] Verification of Results Over the Course of the
A o 1 5 10 20 30 50 70 80 90 95 99 Study
In order to check the consistency of results during this
20 study, a median MoM was computed for each of the 20 cal-
. endar quarters of the study period. The median MoM level
= was reasonably consistent over time dgracid glycopro-
=3 tein (1.00 + 0.08), a;-antitrypsin (1.00 + 0.03), and hapto-
i globin (1.00 = 0.08). With about 2,000 observations available
z for each quatrter, this variability is highly significant but likely
"§ represents the best control over pre- and intra-analytical as-
é say conditions that can be achieved in routine practice. The
median age of patients remained relatively constant at 49
years of age while the percentage of males remained un-
B - 1 5 10 203 5 708 9 95 9 changed at 31%.
e DISCUSSION
The importance of assessing the acute phase reaction in a
™ wide range of conditions has been emphasized in recent pub-
3 lications (14-17). With serum protein technology measure-
§=« = ment at a high level of precision and accuracy (18), a reliable
3 reference material in wide use (1), and the availability of age-
-y and gender-specific reference ranges, conditions are right for
k-4 more effective use of these protein measurements in diagnos-
T tic medicine.
This study is a sequel to the development of age- and gen-
o1l der-specific reference ranges for the three major immunoglo-

bulins and the negative acute phase proteins from a single
laboratory (2,3) in a large cohort. As in the previous study of
Centile the negative acute phase proteins (2), all referent individuals
] y - ) with a C-reactive protein value of 10 mg/l or higher were
Fig. 5. Probability plots of positive acute phase protein measureme?g oved from analysis thereby excluding results from indi-
expressed as multiples of the median (MoM). Approximately 2,000 observetJ~n . ' . ; .
MoM values are plotted vertically on a logarithmic axis and horizontally c}HduaIS with the most overt evidence for inflammation. The
the Gaussian centile scale. The latter is based on the rank of the observa@iéhie phase response is often an unrecognized, ubiquitous
If the points fit a straight line, then the distribution is log—Gaussian. Panelgndition, representing a normal, curative process for the re-
A (top), B (middle), and C (lower) show results fof-acid glycoprotein, pajr of tissue damage due to injury, necrosis, or microbial

aj-antitrypsin, and haptoglobin, respectively. The thin line represents ﬁﬁl’f]/asion Commonplace conditions are Iikely to stimulate the
fitted Gaussian means and standard deviations contained in the text. The ’

transformation used for haptoglobin (C) includes the addition of a const&fUte phasg response, t_)Ut the response may not reach _Ievels
value of 1.0 prior to transformation (see text). clinically evident at the time of physician visit. However, in

the laboratory more sensitive indicators can be measured in-

expensively. Recent publications also have shown that even
contains the predicted 2'550", and 97.8 centiles for se- relatively minor changes in levels of the acute phase proteins
lected age and gender categories using the log—Gaussiarapaharbingers of significant disease (14-17). However, other
rameters described above. As a further example, considecanditions also may alter the serum levels of the acute phase
a;-acid glycoprotein measurement of 1.30 g/l. If this valygroteins; for example, the confounding effects of nonsteroi-

@)

1 20 30 5 70 80 90 95 99
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TABLE 2. Predicted acid glycoprotein (AGP),o,-antitrypsin (A1AT), and haptoglobin (HPT) medians and selected centiles
stratified by age and gender

Decimal AGP (g/l) A1AT (g/l) HPT (g/l)

age (years) 2.5th 50th 97.5th 2.5th 50th 97.5th 2.5th 50th 97.5th
Males

1.0 0.52 0.88 1.47 0.87 1.40 1.91 0.07 1.11 3.10
4.0 0.50 0.84 1.42 0.89 1.44 1.96 0.05 0.83 2.31
7.0 0.49 0.83 1.39 0.90 1.45 1.98 0.04 0.74 2.05
10.0 0.47 0.80 1.34 0.91 1.46 1.99 0.04 0.68 1.90
1.40 0.44 0.74 1.25 0.86 1.38 1.88 0.27 0.81 1.63
18.0 0.46 0.78 1.31 0.83 1.34 1.83 0.31 0.93 1.87
20.0 0.47 0.80 1.34 0.83 1.33 1.82 0.32 0.98 1.97
30.0 0.51 0.87 1.46 0.82 1.31 1.79 0.38 1.15 2.31
40.0 0.52 0.88 1.48 0.82 1.32 1.81 0.41 1.24 2.50
50.0 0.52 0.87 1.46 0.84 1.35 1.84 0.43 1.30 2.60
60.0 0.51 0.86 1.45 0.85 1.37 1.87 0.44 1.32 2.65
70.0 0.51 0.86 1.45 0.87 1.40 1.92 0.44 1.33 2.68
80.0 0.53 0.89 1.49 0.89 1.43 1.96 0.44 1.33 2.68
Females

1.0 0.63 1.07 1.80 0.92 1.48 2.02 0.08 1.38 3.84
4.0 0.54 0.92 1.55 0.90 1.44 1.97 0.06 0.95 2.63
7.0 0.51 0.86 1.45 0.89 1.43 1.95 0.05 0.81 2.26
10.0 0.49 0.83 1.40 0.88 1.42 1.94 0.04 0.74 2.05
14.0 0.48 0.80 1.35 0.88 1.41 1.93 0.31 0.95 1.90
18.0 0.46 0.78 1.31 0.92 1.48 2.02 0.35 1.07 2.14
20.0 0.46 0.77 1.31 0.92 1.49 2.03 0.37 1.11 2.23
30.0 0.50 0.83 1.40 0.90 1.45 1.98 0.40 1.22 2.45
40.0 0.52 0.87 1.46 0.88 1.41 1.93 0.42 1.28 2.57
50.0 0.53 0.89 1.50 0.87 1.40 1.91 0.44 1.33 2.67
60.0 0.53 0.90 1.52 0.88 1.41 1.93 0.46 1.38 2.77
70.0 0.54 0.91 1.53 0.90 1.45 1.98 0.48 1.44 2.90
80.0 0.54 0.91 1.54 0.94 1.51 2.07 0.50 1.51 3.04

dal anti-inflammatory medications on serum protein levefgr red cell damage (20). With a population that is increasingly
have not been examined extensively. physically active, it is not surprising that degrees of clinically
a;-Acid glycoprotein is reportedly affected by hormonahsignificant hemolysis from mechanical red blood cell dam-
changes, which again are part of everyday life for femalage will manifest as lower than expected levels of the protein.
(19). It has been shown to change little over time and bevestigators in the past have presented concern that the three
tween the sexes, with the exception of those conditions thaenotypes of haptoglobin, being somewhat different in con-
are accompanied by an inflammatory drive. It is similar to Gtituent units, may actually yield different values dependent on
reactive protein in this regard and the effect of anti-inflanphenotype (21). A detailed study of the effect of phenotype on
matory modulation of serum-acid glycoprotein levels will haptoglobin measurement (22) as well as additional character-
need to be studied. Despite the fact that C-reactive protisiics of the assay concluded that when compared to the more
ranges over 1000-fold range whalg-acid glycoprotein var- common phenotype 2-1, phenotype 1-1 will be overestimated
ies only 4-foldp;-acid glycoprotein can provide an extremelapproximately 30%. While there may be measurable differ-
valuable back-up to C-reactive protein analysis becauseeates as the result of constituent make-up, the final result has
its constancy over age and between the sexes. little or no impact on reference ranges for each phenotype and,
Haptoglobin levels are extremely sensitive to the releaseasfa result, has little effect on the clinical implications (23).
hemoglobin into the circulation. To place this in perspective, The positive acute phase protainsacid glycoproteing;,-
the hemoglobin content of less than 5 ml of whole blood wéhtitrypsin, and haptoglobin, while more dramatic in their
remove all circulating haptoglobin from the intravascular spaesponse to acute inflammation than the negative acute phase
within minutes. The release of smaller amounts can be thepmteins (albumin, transferrin, and transthyretin), are never-
sult of minor ecchymoses from trauma, common in the yourtigeless less responsive than C-reactive protein. C-reactive
and from bruises that are so frequent even in healthy eldgngtein and serum amyloid A protein have clinically measur-
persons, hence reduced levels are an everyday occurreabk ranges that span more than 3 orders of magnitude while
Further, impact sports such as jogging, boxing, handball, ahd other acute phase proteins vary less than 1 order of mag-
even playing certain musical instruments can be responsihiteide. Specifically, measurement of-antitrypsin, whose
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values rarely increase more than 4-fold, can be used aarthat individual's age and sex. This process greatly simpli-
indicator of risk from pulmonary and neonatal liver diseaskgs the interpretation of these serum protein values.
if they are discordantly very low in comparison to other acuteThis study is of sufficient size to reliably estimate the ef-
phase proteins. This can be done without the knowledgefextts of age and gender in a Caucasian population and to de-
the inflammatory status of the subject. In addition to up-regseribe values harmonized with an accepted reference material
lation by inflammatory drive, increases in estrogen levels @fhd measured by a single protocol. Because the current study
ter puberty, during pregnancy, or in conjunction witfs derived from a relatively homogeneous Caucasian popula-
contraceptive medication use can significantly increase dien, the findings cannot be applied to other ethnic groups
culating levels (7-13). (See Fig. 3B for regulatory impact @ith certainty. Individual usage of tobacco products, over-
about the time of puberty through the reproductive yearthg-counter anti-inflammatory medications, contraceptives,
a;-Acid glycoprotein, although less responsive than C-ream-hormone supplementation was not taken into account. Since
tive protein, appears to increase soon after the onset oftire half-life of these drugs is short, only carefully designed
flammation and can be a cost-effective means of confirmiatudies could take their usage into account. As shown in our
and monitoring the progress of an acute phase response. ldappanion paper (see this issue p 265—-270) and in previous
toglobin levels represent a dynamic balance between noripapbers, our data compare favorably with previous small stud-
synthetic rate, inflammatory drive, and removal from the ciles, which employed guidelines defining health status (26,27).
culation as the result of the release of and combination with
free hemoglobin. Synthetic levels of haptoglobin may be IGONCLUSION
creased over normal, whereas because of minor hemoglobin L . .
release from bruising or effete red blood cells, serum IeveIsA large cohort of Caucasian |nd|v_|duals with routine se-
may actually be near zero. Levels of these three acute phrftijg]e measurements _performed ata smgle _Iabqratory h_as been
. .exqmlned to determine the reference distributions facid
tration of anti-inflammatory medications, including over-th _I?/coprotelnal-anntrypsm, and hap_toglobm IN Persons Who_
counter products (24,25), whereas C-reactive protein jigve no appar_ent active mflammatlon.'l_'he yalues are C,On.S'S'
suspected of doing so. To ensure sensitive detection of gt with & review of mL.JCh smaller studies in the world_s_ lit-
! rature, which often verify the health status of each participant

confounding factor, _aII _|nd|V|duaIs founq to hav_e an acui5 27). For the first time, reference ranges for these proteins

phase response (as indicated by C-reactive protein levels \éevfe been described over life and between the sexes. For two

10 mgf) hqve_ been eliminated from con5|de_rat|on_ n th|s_ stu O these analytes, both age and gender are important covariates
The deviation from expected seendgtantitrypsin in Fig.

5B could be viewed as indication that pathology exists in thetgethe_normal ranges a_nd necessnatg separatg reference ranges;
: S . 04-acid glycoprotein is the exception showing only small

subjects. However, in this situation, while the data may devi- .. ; .

) . _variation. Converting the analyte measurements to multiples

ate from an expected set, it represents an everyday circyimn,

stance that cannot be corroborated without additional exper?s?.he age- and gender-sp_e_cnﬁc ”"_'?d'a”S S|_mpl|f|es Interpre-
tation and enhances the clinical utility of their measurements.

For aj-antitrypsin, clinical concern is for the small numbe e . .
fter verification of the appropriateness of medians presented
of very low values (less than 0.4 MoM). Because these ar . )
" . L - nthe current study, the predicted values should be consid-
both positive acute phase proteins, the principle clinical fo- . . N
. . . . red for use by laboratorians or clinicians making interpreta-
cus is on those cases that deviate at the higher centiles. A~ Sio-acid alveo roteing -antitrypsin, and haptoglobin
ing the small number of cases that deviate in the lower centlfes, ! glycop ! ypsin, ptog '

while important, constitutes unexpected additional informa-

tion often not relevant to the reason for seeking medical hé‘f&KNOWLEDGMENTS
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