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Understanding your health by using

reference ranges

by Janine Clarke, Victoria Higgins, and Khosrow Adeli

Highlights

|

* Reference ranges are one of the many ways that doctors assess and monitor the health of Canadians.

* Data from the Canadian Health Measures Survey have been used to create Canadian-specific reference ranges

for some substances found in blood and urine.

* Reference ranges specific to age are important to account for changes that occur during growth and

maturation.

* Sex-specific reference ranges take into account the changes that occur over the lifespan that differ for males

and females.
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Introduction

Laboratory tests performed on blood and urine samples
are one of the many ways that doctors assess and monitor
the health of their patients. The concentrations of different
substances (e.g., vitamins or minerals) in the blood or urine
help doctors screen for, diagnose, and monitor diseases and
treatments. In fact, 70% of medical decisions are based on
results from laboratory tests." Doctors use reference ranges
to help them interpret patients’ laboratory test results.

Reference ranges represent the limits within which a test
result should be if a patient is healthy or free of a disease of
interest.> For example, if a healthy range of a substance is
between 100 and 300, then a result of 50 or 350 would be
considered “out of range”. What is considered a healthy or
normal range can vary significantly for any given substance

based on a variety of factors, including age and sex. This
makes determining reference ranges very challenging
because blood and urine samples from a large number of
healthy individuals of different ages and sex are required.?

Historically, in Canada, there has been very limited data to
calculate reference ranges at a national level. Comprehensive
laboratory data has not been collected in Canada since the
1970%s.> As a result, some reference ranges being used to
interpret test results are inadequate because they are neither
representative of the Canadian population nor are they
specific across age and sex groups.* For example, reference
ranges developed from a sample of adults may be used to
interpret laboratory test results from children and adolescents
because no age-specific references ranges are available. Also,
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reference ranges developed using a sample of males may be in “normal” values related mainly to sex. Results for ALP
used to interpret results for females, or vice versa. were calculated using the combined data from CHMS
cycles 1 and 2 (2007 to 2011); results for ferritin were
calculated using data from CHMS cycle 2 only (collection
from August 2009 to November 2011).

To help fill this data gap, one of the goals of the Canadian
Health Measures Survey (CHMS) is to collect blood and
urine samples from a nationally representative sample
of Canadians aged 3 to 79. The blood and urine samples The importance of having age-speciﬁc
collected are tested for a wide range of substances related £

to general health, nutrition, diseases and environmental reterence ranges

contaminants.>® These test results from the CHMS were ALP is a protein found in the body that is related to bone
used recently by the Canadian Laboratory Initiative on growth and development which means that blood levels can
Paediatric Reference Intervals (known as CALIPER) to vary depending upon age. Blood levels of ALP in Canadians
develop reference ranges that are specific to the Canadian measured by the CHMS were much higher in children aged
population by age and sex. So far, this work has been 3 to 15 years compared with those 16 years of age and older
completed for more than 80 substances measured in blood (Chart 1). Among younger children and adolescents there
and urine.”®’ were also noticeable differences in normal values. The range

'This article provides two examples of substances measured of normal values was lower earlier in childhood (ages 6 to

in the blood of CHMS respondents that have been analyzed 10 years) but increased during p uberty (around ages 10 to
by CALIPER wi . . . . 15), and then started to decrease in early adulthood (ages
y with the intent of creating Canadian-specific 16 to 21), after which it leveled off (ages 22 to 79)
reference ranges. The first example (a protein called alkaline to £1), after which it leveled oft (ages 22 to /7).
phosphatase that, for simplicity, will be referred to as ALP) 'The differentlevels of ALP in blood occur because of changes

is used to show differences in “normal” values that are related in the rate at which the bones are growing at different
mainly to age, while the second example (ferritin, which is a times throughout childhood and adolescence. Body weight
form of iron stored in the body) is used to show differences doubles during the first six months of life and triples by the
Chart 1

Average' alkaline phosphatase? (ALP) concentration in blood, in units per litre (U/L), for Canadians aged 3 to 79, 2007 to 20112
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1. To maintain respondent confidentiality, each data point represents the average of >11 closely associated results.

2. Alkaline phosphatase is a protein found in the blood, intestines, liver, and bones.

3. Results are based on the combined data from cycle 1 (2007 to 2009) and cycle 2 (2009 to 2011) of the Canadian Health Measures Survey, Statistics Canada.

Source: This chart has been reproduced with permission from Adeli, K., V. Higgins, M. Nieuwesteeg, et al. 2015. “Biochemical marker reference values across pediatric,
adult, and geriatric ages: Establishment of robust pediatric and adult reference intervals based on the Canadian Health Measures Survey.” Clinical Chemistry. Vol. 61, no. 8,
p. 1049-1062. Copyright 2015, American Association of Clinical Chemistry.
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first birthday. Later, during puberty, when there are changes
in hormones, growth is accelerated, and sexual maturation
occurs. These types of physical and hormonal changes are
unique to children and adolescents and can affect the levels
of ALP in the blood. This makes it important to have

reference ranges that are specific for different age groups.

Historically, even though it was understood that ALP
levels were expected to be higher in children compared with
adults, no specific reference ranges were available by age.?
The data presented in Chart 1 were used by CALIPER
to create reference ranges of normal ALP values for the
Canadian population aged 3 to 79 (Table 1).” The reference
ranges were broken down into five different age groups to
account for the differences in ALP levels at different ages
(Chart 1). Such detailed reference ranges provide doctors
and other healthcare providers with more information to
interpret ALP results for a patient depending on their age.
Using the previous reference range, an ALP result of 100
might have been interpreted as “normal” for a patient under
the age of 16, when, according to the new ranges based on

CHMS data, a result of 100 is considered too low.

Table 1

Age- and sex-specific reference ranges for alkaline
phosphatase' (ALP) in blood, in units per litre (U/L), based
on a sample of healthy? Canadians aged 3 to 79 years,
2007 to 2011°

Males Females
Age group units per litre (U/L)
3t05 144 1o 327 144 10 327
61010 153 to 367 153 to 367
11t0 15 11310 438 64 to 359
16 to 21 56 to 167 44 t0 107
221079 5010 116 46 to 122

1. Alkaline phosphatase is a protein found in the blood, intestines, liver, and bones.

2. Excludes respondents who: were pregnant at the time of the clinic appointment; had been
diagnosed by a health care professional with a serious medical iliness or chronic condition;

or self-reported the use of any prescription medication.

3. Results are based on the combined data from cycle 1 (2007 to 2009) and cycle 2

(2009 to 2011) of the Canadian Health Measures Survey, Statistics Canada.

Source: This table has been adapted with permission from Adeli, K., V. Higgins, M. Nieuwesteeg,
et al. 2015. “Biochemical marker reference values across pediatric, adult, and geriatric ages:
Establishment of robust pediatric and adult reference intervals based on the Canadian Health
Measures Survey.” Clinical Chemistry. Vol. 61, no. 8, p. 1049-1062. Copyright 2015, American
Association of Clinical Chemistry.

Chart 2

Average' ferritin? concentration in blood, in micrograms per litre (pg/L), for Canadians aged 3 to 79, 2009 to 20112
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1. To maintain respondent confidentiality, each data point represents the mean of >11 closely associated results.

2. Blood ferritin is a measure of the amount of total iron that is stored in the body. Iron is a mineral found in the blood that helps the body carry and use oxygen.

3. Data are from Cycle 2 (August 2009 to November 2011) of the Canadian Health Measures Survey, Statistics Canada.

Source: This chart has been reproduced with permission from Adeli, K., V. Higgins, M. Nieuwesteeg, et al. 2015. “Complex reference values for endocrine and special
chemistry biomarkers across pediatric, adult, and geriatric ages: Establishment of robust pediatric and adult reference intervals based on the Canadian Health Measures
Survey.” Clinical Chemistry. Vol. 61, no. 8, p. 1063—1074. Copyright 2015, American Association of Clinical Chemistry.
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The importance of having sex-specific
reference ranges

As with age, normal values for many substances in blood or
urine can also differ for males and females. Therefore, it is
also beneficial when reference ranges are sex specific. Since
ALP levels are higher in males compared with females from
about ages 11 to 21 (Chart 1), the reference ranges differ for
males and females after age 11 (Table 1).¢

Another substance where results differ for males and females
is iron. Iron is a mineral found in the blood that helps the
body carry and use oxygen. The CHMS measured the level
of ferritin in blood, which is a measure of total iron storage in
the body. In Canada, ferritin levels measured by the CHMS
were similar for both boys and girls during childhood, but
then were higher in males after age 15 (Chart 2).® Females
of reproductive age (14 to 49 years) had lower ferritin levels
than females 50 years of age and older. Around age 50,
ferritin levels started to increase for females, but remained
lower than ferritin levels in males of the same age.

The differences between males and females in iron levels
occur because of different physical and hormonal changes
experienced throughout the lifecycle. For example, puberty
generally occurs earlier in girls (between ages 10 and 14)
than in boys (between ages 12 and 16), and results in
different types and levels of hormones which affect the
growth of each sex differently.” Later in life, usually after
the age of 45, women experience menopause following
changes in the production of some hormones.” These
physical and hormonal differences between males and
females affect the levels of many substances in the blood
or urine when comparing males and females at any given
age. For a substance like iron, females of reproductive age
have lower levels compared to males and compared to older
females because iron loss occurs during menstruation.” It is
because of these many reasons that it is important to have
reference ranges that are both age-specific and sex-specific.

Data from the CHMS were used by CALIPER to create
reference ranges of normal ferritin values for the Canadian
population by age and sex (Table 2).” While the reference
ranges are similar for both males and females in the younger
age groups (up to 16 years), the reference ranges for males
are much higher than for females in the older age groups
(17 years of age and older).

Table 2

Age- and sex-specific reference ranges for ferritin' in blood,
in micrograms per litre (pug/L), based on a sample of healthy?
Canadians aged 3 to 79 years, 2009 to 2011°

Males Females
Age group micrograms per litre (pg/L)
3to5 10.7 t0 85.2 10.7 t0 85.2
610 16 16.2 t0 106.7 9.6t081.9
17 to 37 39.310439.4 6.51t0 147.1
381079 45.810714.8 6.0 to 362.6

1. Ferritin is a measure of the amount of total iron that is stored in the body. Iron is a mineral found
in the blood that helps the body carry and use oxygen.

2. Excludes respondents who: were pregnant at the time of the clinic appointment; had been
diagnosed by a health care professional with a serious medical illness or chronic condition; or
self-reported the use of any prescription medication.

3. Data are from Cycle 2 (August 2009 to November 2011) of the Canadian Health Measures
Survey, Statistics Canada.

Source: This table has been adapted with permission from Adeli, K., V. Higgins, M. Nieuwesteeg,
et al. 2015. “Complex reference values for endocrine and special chemistry biomarkers across
pediatric, adult, and geriatric ages: Establishment of robust pediatric and adult reference intervals
based on the Canadian Health Measures Survey.” Clinical Chemistry. Vol. 61, no. 8, p. 1063-1074.
Copyright 2015, American Association of Clinical Chemistry.

The Canadian Laboratory Initiative on
Paediatric Reference Intervals (CALIPER)
Project

'The Canadian Laboratory Initiative on Paediatric
Reference Intervals (CALIPER) Project is a
nation-wide initiative aimed at developing a
database of complete and accurate age- and
sex-specific reference ranges for the pediatric
population. CALIPER has used data from the
CHMS along with data collected from healthy
community children and adolescents in order
to fill the gaps that currently exist in pediatric
reference ranges in Canada. A database of
reference ranges for more than 80 biomarkers is
available online (www.caliperdatabase.com) and

through a mobile app (CALIPERApp).
For more information on CALIPER go to

www.caliperproject.ca.
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Conclusion

Blood and urine samples from a nationally representative
sample of healthy Canadians are necessary for the Janine Clarke is an analyst with Health Statistics Division
development of age- and sex-specific reference ranges in at Statistics Canada.

Canada. The level of a substance in the blood varies due
to growth and maturation over the life course, and these
changes can be different for males and females. As such,

Victoria Higgins and Khosrow Adeli are researchers with
CALIPER at the Hospital for Sick Children in Toronto,
Ontario, Canada.

having age- and sex-specific reference ranges for Canadians
can improve a doctor’s ability to screen, diagnose and
monitor diseases.

Data source, methods and definitions

Data source

The Canadian Health Measures Survey (CHMS)
is a cross-sectional survey conducted by Statistics
Canada in partnership with Health Canada and
the Public Health Agency of Canada. Data were
collected over a two-year collection cycle from a
nationally representative sample of Canadians aged
6 to 79 in cycle 1 (March 2007 to February 2009) and
3 to 79 in cycle 2 (August 2009 to November 2011).
The results are representative of approximately
96% of the Canadian population: persons living on
reserves or other Aboriginal settlements, full-time
members of the Canadian Forces, institutionalized
populations, and persons living in certain remote
regions are excluded. The CHMS includes an in-
home interview and a visit to a mobile clinic where
physical measurements (e.g., height and weight) and
blood and urine samples are taken.

Methods

Scatterplots were created by CALIPER using data
from the CHMS to demonstrate the distribution of
the data by age and sex. For reasons of confidentiality,
each data point represents the average of 11 or more
closely associated results. Statistical tests were then
used to remove outliers before the calculation of the
reference ranges. Reference ranges were created by
calculating the 2.5th and 97.5th percentile values
for a given substance from a healthy subsample of
respondents from the CHMS. Respondents of the
CHMS were excluded from the reference range

analysis if they:

* were pregnant at the time of the clinic
appointment;

* had been diagnosed by a health care professional

with a serious medical illness or chronic condition; or

* self-reported the use of any prescription
medication.
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