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ABSTRACT
Objectives  To describe the distribution of albuminuria 
among Australian children aged 11–12 years and their 
parents, and assess its intergenerational concordance 
within parent–child dyads.
Design  Population-based cross-sectional study (the Child 
Health CheckPoint), nested within the Longitudinal Study of 
Australian Children.
Setting  Assessment centres (seven Australian cities and 
eight regional towns) and home visits across Australia, 
February 2015 to March 2016.
Participants  Of all participating CheckPoint families 
(n=1874), 1557 children (46.2% girls) and 1454 parents 
(85.5% mothers) provided random urine samples at the 
visit; samples from menstruating females were excluded.
Outcome measures  Urine albumin-to-creatinine ratio 
(ACR) and its components (urine albumin and creatinine 
concentration); albuminuria was defined as an ACR 
≥3.4 mg/mmol. Pearson’s correlation coefficients and 
multivariable linear regression models assessed parent–
child concordance, using log-transformed data due to 
skewing. Survey weights and methods were applied to 
account for the complex sample design.
Results  The median ACR for children was 1.03 mg/
mmol (IQR 0.65–1.97) and 1.01 mg/mmol (IQR 0.60–2.09) 
for adults. The median ACR was higher in girls (1.20, 
IQR 0.71–2.65) than boys (0.90, IQR 0.61–1.65) and in 
mothers (1.13, IQR 0.63–2.33) than fathers (0.66, IQR 
0.41–1.05). Albuminuria was detected in 15.1% of children 
(girls 20.8%, boys 10.1%) and 13.5% of adults (15.1% 
mothers, 4.0% fathers) had albuminuria. There was a 
small correlation between parent and child ACR (Pearson 
correlation coefficient 0.06, 95% CI 0.01 to 0.12).
Conclusions  Albuminuria is common among Australian 
children and adults, which is of concern because it 
predicts risk for kidney and cardiovascular disease, and 
mortality. The weak concordance among intergenerational 
pairs for urine ACR suggests either that genetic heritability 
is low or that it becomes evident only at later offspring life 
stages.

INTRODUCTION
Albuminuria, even at low levels, is an important 
marker of chronic kidney disease and strongly 
predicts end-stage kidney disease.1 2 It also 
independently predicts cardiovascular events 

and all-cause mortality, probably as a reflec-
tion of endothelial dysfunction.3 There are 
different methods of measuring albuminuria. 
The reference standard, 24-hour urine collec-
tion, is impractical in many settings, so that 
spot urine albumin-to-creatinine ratio (ACR) 
is routinely used in clinical practice. Urine 
ACR and spot urine albumin concentration 
reliably estimate 24-hour albumin excretion, 
although the correlation is stronger for ACR 
because it accounts for differences in urine 
concentration due to hydration status.4 There 
are also postural changes in albumin excre-
tion.5 However, because the timing of collec-
tion tends not to correlate with explanatory 
variables of interest (eg, socioeconomic status 
or age) this does not introduce confounding. 
Consequently, random samples are routinely 
used for research purposes also and most 
evidence relating albuminuria to kidney and 
cardiovascular risk derives from random 
urine ACR.6 

Despite the potential utility of urine 
ACR as a cheap, non-invasive biomarker, 
data about the distribution of ACR and its 

Strengths and limitations of this study

►► Australia-wide population-based cohort sampled 
using a multistage, clustered survey design allow-
ing for the derivation of accurate population-level 
estimates.

►► Large sample of biological parent–child pairs al-
lowing for precise estimates of intergenerational 
concordance.

►► First morning or timed urine samples were not avail-
able to investigate the impact of orthostatic variation 
on urine albumin-to-creatinine ratio (ACR). The esti-
mates of prevalence would be lower if participants 
with intermittent proteinuria were identified and 
excluded.

►► The single (rather than repeated) urine ACR value 
makes the study open to residual measurement 
error.
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components in children are mostly limited to disease-spe-
cific contexts.7 Thus, its applicability as a marker of risk in 
well children is unknown. Nonetheless, it has been widely 
adopted because its ease of collection makes it feasible 
to bring children’s kidney health into population studies. 
In children with type 1 diabetes mellitus, persistent or 
intermittent microalbuminuria predicts the future devel-
opment of macroalbuminuria, and in children with 
renal dysplasia or glomerular pathology albuminuria is 
also predictive of long-term renal function.8–12 However, 
the population-based data that are available in children 
suggest some important discrepancies compared with 
adults. For example, whereas obese adult have higher 
rates of albuminuria, the reverse has been reported in 
children (an OR of 0.34 for albuminuria in overweight 
and obese compared with normal weight children).13 In 
addition, orthostatic proteinuria, generally considered to 
be a benign condition, may affect up to 20% of children 
9–16 years old.13–15

Among adults, given the clear relationship between 
albuminuria and future cardiovascular events or chronic 
kidney disease, there has been a shift in focus from patho-
logical levels to the risk associated with urine ACR levels 
in the low-normal range. The Chronic Kidney Disease 
Prognosis Consortium has shown through collaborative 
meta-analysis that a urine ACR of 1.1 mg/mmol is associ-
ated with a HR of 1.20 for all-cause mortality (95% CI 1.15 
to 1.26) compared with a urine ACR of 0.6 mg/mmol.6 
Such relationships, where risk extends below traditional 
thresholds into the normal range, are common among 
clinical biomarkers and make it difficult to define 
the threshold at which values should be considered 
abnormal.16 17

It is increasingly recognised that the development 
of chronic diseases, such as kidney and cardiovascular 
disease, begins in early life.18 Through the study of 
parent–child concordance for early disease markers or 
risk factors, we can begin to understand the role of inher-
ited genetic and environmental influences in establishing 
adverse lifecourse trajectories. A substudy of the Fram-
ingham Heath Study involving 1055 adult participants 
found up to 20% of the population variance in urine 
ACR may be due to genetic heritability.19 Single-nucleo-
tide polymorphism data also suggests a genetic compo-
nent to albuminuria.20 If concordance is confirmed while 
offspring are still children, this could provide useful prog-
nostic information early in life as we attempt to develop 
strategies allowing the earlier identification of people 
progressing towards disease states, with the ultimate goal 
of providing earlier interventions to keep people healthy.

The Child Health CheckPoint study nested within 
Growing Up in Australia (also known as the Longitu-
dinal Study of Australian Children, LSAC) provides an 
important opportunity to examine these issues. We aimed 
to assess the cross-sectional distribution of urine ACR and 
related metrics in Australian children aged 11–12 years 
and their parents, and describe the extent of intergener-
ational concordance for this measure.

METHODS
Study design and participants
Details of the initial LSAC study design and recruitment 
are outlined elsewhere.21 22 In brief, LSAC recruited a 
nationally representative sample of 5107 infants using a 
two-stage random sampling design with postcode as the 
primary sampling unit, and followed them up in biennial 
‘waves’ of data collection up to 2015. The initial propor-
tion recruited to the relevant B cohort in 2004 was 57.2%, 
of whom 73.7% (n=3764) were retained to LSAC wave 6 
in 2014.

At the wave 6 visit, all remaining families (n=3513) 
were invited to consent to their contact details being 
shared with the Child Health CheckPoint (CheckPoint) 
team. In 2015, families who consented were then sent an 
information pack via post and received an information 
and recruitment phone call. The CheckPoint’s detailed 
cross-sectional biophysical assessment, nested between 
LSAC waves 6 and 7 (aged 11–12 years), took place 
between February 2015 and March 2016. One thousand 
eight hundred and seventy-four families participated. A 
more detailed description of the CheckPoint study design 
is available elsewhere.23 24

Patient and public involvement
Because LSAC is a population-based longitudinal study, 
no patient groups were involved in its design or conduct. 
To our knowledge, the public was not involved in the 
study design, recruitment or conduct of the LSAC study 
or its CheckPoint module. Parents received a summary 
health report for their child and themselves at or soon 
after the CheckPoint assessment visit. They consented to 
take part knowing that they would not otherwise receive 
individual results about themselves or their child.

Consent
The attending parent provided written informed consent 
for themself and their child to participate in the study. 

Procedure
Urine was collected at a specialised 3.5-hour (major 
and large cities) or 2.5-hour (smaller regional centres) 
CheckPoint assessment centre visits; those families 
(n=378) who could not attend were offered a shorter 
home visit (figure  1). Child Health CheckPoint assess-
ments took place between February 2015 and March 
2016. As assessment centre visits ran throughout the day, 
sample collection time could be anywhere between 09:00 
and 18:00, even though urine collection was requested as 
part of the first assessment station after check-in. Partici-
pants were asked to urinate directly into a polypropylene 
sterile pot until full (or as best possible), and included 
in current analyses if they provided a usable sample 
(figure  1). Results from mothers and girls who self-re-
ported they were menstruating were excluded. Only 
biological parent–child pairs were included for concor-
dance analysis.
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Outcome measure
Urine samples were stored at 4°C until processing (77% 
of samples processed within 3 hours and 85% within 
13 hours; maximum 7 days for home visit participants). 
They were then pipetted under laboratory conditions into 
a maximum of 12×0.7 mL aliquots and frozen and stored 
at −80°C. Analysis was performed at the Laboratory of the 
Baker Heart and Diabetes Institute. Samples were first 
defrosted over 30 min and then centrifuged at 500 rpm 
for 3 min. A Cobas Integra 400 plus analyzer performed 
the measurements, determining albumin using an immu-
noturbimetric assay and creatinine using the enzymatic 
colorimetric method. The lower limit for the detection of 
urine albumin on this machine was 3 mg/L and for urine 
creatinine was 0.1 mmol/L.

For descriptive purposes, ACR was categorised 
according to the Kidney Disease Improving Global 

Outcomes (KDIGO) 2012 guidelines: microalbumin-
uria 3.4–34 mg/mmol and macroalbuminuria  >34 mg/
mmol.25 We also determined the prevalence of albumin-
uria among adults using the current Australian guide-
lines: microalbuminuria in fathers 2.5–25 mg/mmol 
and macroalbuminuria in fathers >25 mg/mmol, micro-
albuminuria in mothers 3.5–35 mg/mmol and macroal-
buminuria in mothers >35 mg/mmol.26 For purposes of 
this paper, we used the overarching term ‘albuminuria’ 
to refer to the combined participants with microalbumin-
uria or macroalbuminuria.

Potential confounders
Disadvantage score
In Australia, Socioeconomic Indexes for Areas provide 
standardised scores for socioeconomic position by 
geographic area (postcode of family domicile) compiled 
from 2011 Australian census data. We used the Iindex 
of Rrelative Ssocioeconomic Ddisadvantage (Disadvan-
tage Index) which numerically summarises the social 
and economic conditions of Australian neighbourhoods 
(national mean of 1000 and SD of 100, where higher 
values represent less disadvantage).27

Anthropometry
Height was measured twice, three times where the first 
two measures differed by >0.5 cm, without shoes or socks 
using a portable rigid stadiometer (model 10955, Invicta, 
UK), and all measurements averaged to produce the final 
value. An electronic, calibrated scale (lnBody230 scales, 
Biospace Co., South Korea) was used to measure body 
weight with participants wearing light clothing and no 
shoes or socks. Body mass index (BMI) for children was 
converted to z-scores according to the 2000 Centers for 
Disease Control and Prevention growth charts.28 Over-
weight was defined as BMI ≥85th centile and <95th centile, 
and obesity as BMI ≥95th centile.29 A steel tape measure 
was used to measure waist circumference using the cross-
hand technique at the narrowest point (or mid-point 
if no narrowing) between then 10th rib and the top of 
the iliac crest. Two measurements were taken provided 
these were within 0.1 cm, otherwise a third measurement 
was performed. The final value was the mean of the two 
closest measurements.

Blood pressure
Blood pressure was measured at the brachial artery using 
an oscillometric device (SphygmoCor XCEL, AtCor 
Medical Pty., Australia), following at least 7 min of rest, in 
the supine position. Three measurements were taken with 
at least 1 min of rest between readings. The final value 
was the average of all three measurements. Hypertension 
and high-normal blood pressure were defined as a height, 
sex and age adjusted blood pressure centile ≥95th centile 
or <95th but ≥90th centile, respectively, using the fourth 
report from the National High Blood Pressure Education 
Program reference thresholds.30 31

Figure 1  Participant flowchart. ACR, albumin-to-creatinine 
ratio; c,  number   of children;   HV, home visit assessment; 
LSAC, Longitudinal Study of Australia Children; MAC, 
main assessment centre; mAC, mini assessment centre;   
n,  number  of families;  p ,  number   of attending adults . 
*Unable to analyse due to insufficient volume of poor quality 
sample. ^Data excluded from 2 children and 1 parent with 
ACR >200 mg/mmol or albumin >2000 mg/L, and data 
from 15 non-biological child–parent pairs excluded from 
concordance analyses.



78 Larkins NG, et al. BMJ Open 2019;9:75–84. doi:10.1136/bmjopen-2017-020262

Open access�

Other
Medical history was by obtained by self-report or 
guardian  report. Pubertal status was determined using 
self-reported responses on the Pubertal Development 
Scale.32

Statistical analysis
Concordance between parents and children was assessed 
by (1) Pearson’s correlation coefficients with 95% CIs and 
(2) linear regression with the child variable as dependent 
variable and parent variable as independent variable. 
Linear regression models were adjusted for parent age, 
Disadvantage Index, and parent and child BMI and sex in 
models including both sexes. In addition, the Pearson’s 
correlation coefficient and linear regression analyses were 
repeated using weighted multilevel survey analyses. These 
results were similar to the simple correlations and regres-
sion results adjusted for stratification and clustering by 
postcode only, and only the simple results are reported. 
Two children and one adult showed an ACR  >200 mg/
mmol or urine albumin concentration >2000 mg/L. These 
were included in the distribution statistics consistent with 
the population-based sampling and aims. However, they 
were excluded from the concordance analyses because 
they were outliers and influential observations, consid-
ered to represent discrete glomerular pathology.

Population summary statistics and proportions were esti-
mated by applying survey weights and survey procedures 

that corrected for sampling and participation biases and 
took into account clustering in the sampling frame. SEs 
were calculated taking into account the complex design 
and weights.33 More detail on the calculation of weights is 
provided elsewhere.34

The differences between adult and child, and between 
male and female, groups were tested for statistical signif-
icance using linear or logistic regression. All urine vari-
ables were log-transformed for the purposes of hypothesis 
testing and concordance analysis, due to severe right 
skewing.

RESULTS
Sample characteristics
Of the 1874 families assessed, 1557 children (83.1%) and 
1454 adults (90.0%) contributed valid urine samples for 
analysis (1301 biological parent–child pairs; figure  1). 
Twenty-two children and 217 adults were excluded 
because they were menstruating, and 15 carer-child pairs 
were excluded from concordance analysis because the 
adult was not  a biological parent. There were slightly 
more boys (n=837, 53.8%) than girls (n=720) and most 
parents were mothers (n=1243, 85.5%) (table 1).

The participant characteristics were broadly reflective 
of the Australian population, as per the study design, 
with the exception that the sample was relatively less 

Table 1  Participant characteristics; all values are n (%) except age

Characteristic

Boys Girls Fathers* Mothers* 

n N %† n N %† n N %† n N %†

Age (years), mean† (SD) 835 12.0 0.38 720 12.0 0.42 211 46.7 6.89 1243 43.5 5.35

BMI category

 � Overweight 127 836 16.3 107 720 16.8 90 210 42.9 382 1237 31.2

 � Obese 84 836 12.7 59 720 9.6 71 210 37.2 382 1237 32.4

Blood pressure category

 � High-normal 18 787 2.5 26 692 4.1 111 197 57.0 372 1164 32.7

 � Hypertensive 24 787 4.9 22 692 3.6 31 197 18.1 88 1164 7.8

Socioeconomic status 
quintile

 � First (most 
disadvantaged)

70 833 13.4 54 719 10.6 17 208 11.9 93 1242 12.2

 � Second 128 833 19.6 107 719 17.9 37 208 22.6 181 1242 17.6

 � Third 145 833 19.8 134 719 20.6 40 208 23.3 225 1242 20.3

 � Fourth 194 833 21.8 179 719 25.1 37 208 15.8 317 1242 24.8

 � Fifth (least disadvantaged) 296 833 25.5 245 719 25.8 77 208 26.4 426 1242 25.1

Diabetes 2 837 0.2 3 720 0.6 9 211 4.8 26 1243 2.6

Heart condition – – – – – – 9 211 5.4 24 1243 2.7

Started puberty 686 793 87.8 629 663 94.8 – – – – – – 

*98.9% of adult participants were biological parents of participating children.
†Weighted mean/percentage.
BMI, body mass index; N, number with valid data for characteristic (denominator).
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disadvantaged than the general population (25.6% of 
children in the least but only 12.1% in the most disad-
vantaged national quintile). Consistent with this, most 
adults and over one-quarter of children were overweight 
or obese (65.9% adults, 27.8% children). There were no 
major differences in participant characteristics by sex for 
the childhood cohort. However, mothers were on average 
younger than fathers (43.5 vs 46.7 years), fewer had a 
high-normal BP or hypertension (40.5% vs 75.1%) and 
fewer were overweight or obese (63.6% vs 80.1%).

Distribution of ACR and albuminuria
Children
The median ACR among children was 1.03 mg/mmol 
(IQR 0.65–1.97) (table 2).

The median urine albumin concentration for boys was 
5.6 mg/L (IQR 5.3–7.6) and for girls was 6.7 mg/L (IQR 
5.4–13.2; p<0.001). Albuminuria was present in 15.1% 
of children, and albuminuria was more common in girls 
than boys (20.8% vs 10.1%; p<0.001), largely due to differ-
ences in urine albumin as opposed to urine creatinine 
concentration (figure 2). Mean (SD) data, and log-trans-
formed data are presented in online supplementary table 
S1. Percentile values for urine albumin, creatine and 

ACR distributions are presented in online supplementary 
tables S2a and S2b.

Adults
The median ACR among adults was 1.01 mg/mmol (IQR 
0.60–2.09). The prevalence of albuminuria was much 
higher in mothers than fathers, at 15.1% versus 4.0%, 
respectively (p<0.001) for the KDIGO thresholds, and 
14.3% versus 6.9%, respectively (p=0.02) for the sex-strat-
ified Australia thresholds, noting that the number of 
fathers on which this estimate was based was small. Among 
adults, the sex discrepancy in ACR was driven more by 
differences in the distribution of urine creatinine than 
urine albumin concentration (figure 2).

Intergenerational concordance of ACR
A weak positive correlation was present between biolog-
ical parent and child urine ACR (r 0.06, 95% CI 0.01 to 
0.12) and albumin (r 0.06, 95% CI 0.01 to 0.12), with 
stronger correlations for creatinine values (r 0.19, 95% CI 
0.13 to 0.24) (figure  3). These values were essentially 
unchanged when using partial correlation coefficients to 
adjust for parent age, socioeconomic status, and child and 
parent BMI and sex (table 3, sex-specific values shown in 

Table 2  Distribution of urine albumin, creatinine, albumin-to-creatinine ratio and albuminuria by age cohort and sex

Variable

Males Females All

N Median (IQR) N Median (IQR) N Median (IQR)

Children

 � Albumin (mg/L) 837 5.6 (5.3–7.6) 720 6.7 (5.4–13.2) 1557 5.9 (5.3–9.8)

 � Creatinine (mmol/L) 837 8.0 (5.0–11.3) 720 7.7 (4.5–11.3) 1557 7.9 (4.7–11.3)

 � Albumin creatinine ratio 837 0.9 (0.6–1.7) 720 1.2 (0.7–2.7) 1557 1.0 (0.7–2.0)

Adults

 � Albumin (mg/L) 211 5.5 (5.2–6.6) 1243 5.4 (5.2–6.4) 1454 5.4 (5.2–6.4)

 � Creatinine (mmol/L) 211 9.7 (6.0–14.8) 1243 5.9 (2.7–10.3) 1454 6.4 (3.0–11.2)

 � Albumin-to-creatinine ratio 211 0.7 (0.4–1.1) 1243 1.1 (0.6–2.3) 1454 1.0 (0.6–2.1)

n/N %* n/N %* n/N %*

Children

 � Albuminuria† 92/837 10.1 141/720 20.8 233/1557 15.1

 � Microalbuminuria 85/837 9.5 135/720 20.0 220/1557 14.2

 � Macroalbuminuria 7/837 0.9 6/720 0.9 13/1557 0.9

Adults

 � Albuminuria 9/211 4.0 188/1243 15.1 197/1454 13.5

 � Microalbuminuria 7/211 2.9 187/1243 15.0 194/1454 13.3

 � Macroalbuminuria 2/211 1.1 1/1243 <0.1 3/1454 0.2

 � Albuminuria (sex-corrected)‡ 15/211 6.9 179/1243 14.3 194/1454 13.3

 � Microalbuminuria (sex-corrected) 13/211 5.8 178/1243 14.3 191/1454 13.1

 � Macroalbuminuria (sex-corrected) 2/211 1.1 1/1243 <0.1 3/1454 0.2

*Weighted percentage.
†Combined total of microalbuminuria and macroalbuminuria. 
‡Using current Australian thresholds to define albuminuria, 2.5 mg/mmol for fathers and 3.5 mg/mmol for mothers. 
N, number with valid data for characteristic (denominator).

https://dx.doi.org/10.1136/bmjopen-2017-020262
https://dx.doi.org/10.1136/bmjopen-2017-020262
https://dx.doi.org/10.1136/bmjopen-2017-020262
https://dx.doi.org/10.1136/bmjopen-2017-020262
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online supplementary tables S3a and S3b). Multivariable 
linear regression showed some evidence of parent–child 
concordance for all three urine variables (table 3).

There was also a weak association between parent–child 
pairs for albuminuria (ACR ≥3.4 mg/mmol): in 73.3% of 
pairs neither parent or child had albuminuria, in 11.8% 
of pairs only the adult had albuminuria, in 12.8% of pairs 
only the child had albuminuria and in 2.0% both parent 
and child had albuminuria.

DISCUSSION
Principal findings
In this population-based Australian study, 13.5% of adults 
and 15.1% of children had albuminuria. The prevalence 
varied by sex, with albuminuria more common in females 
among both children and, especially, adults. In children, 
the sex difference was mostly driven by an increased 
urine albumin concentration, whereas in adults the urine 
creatinine concentration was relatively more important. 
There was weak intergenerational concordance for urine 
albumin and ACR, but creatinine concordance was larger 
(0.15–0.19).

Strengths and limitations
Strengths of the Child Health CheckPoint study include 
the large sample size and the multistage, clustered survey 
methodology that together allow for the derivation of 
accurate population estimates. All samples were processed 
in a central research laboratory under strict protocols. 
The main weakness of the data presented here is that first 
morning or timed samples were not collected, and so we 
cannot account for the impact of orthostatic proteinuria. 
We also lacked the ability to account for day-to-day vari-
ability in urine ACR, which will result in residual measure-
ment error.35 Orthostatic proteinuria is a greater issue for 
children than adults and may have increased the preva-
lence estimates.36 Sample attrition is a common limitation 

among long-running longitudinal studies. Retention in 
LSAC was similar to other birth cohorts at this age.37 38 
Not all remaining families participated in CheckPoint. 
However, the sample remained similar to of the Austra-
lian population in most respects and survey weighting was 
used to account for drop-out and non-response among 
children.23 There was an over-representation of mothers 
in the adult cohort, reducing the precision around esti-
mates for fathers. The lack of longitudinal biospecimen 
data limits our ability to draw conclusions about the prev-
alence of albuminuria over time or investigate how this 
relates to future events.

Findings in relation to other studies
The prevalence of albuminuria among children was 
similar to other population-based studies. We recently 
performed an analysis of data from the 2011/2013 
Australian Health Survey (AHS) and found 12.8% of 
children aged 5–18 years had albuminuria using the 
same threshold of 3.4 mg/mmol.13 In the USA, the prev-
alence of albuminuria in the National Health and Nutri-
tion Examination Survey (NHANES) has been reported 
as 8.9%.14 However, in that study the mean age was 15.5 
years, and older adolescents appear to have a lower preva-
lence of albuminuria.13 39 In both the AHS and NHANES 
studies, girls had a higher ACR than boys because of 
differences in urine albumin, rather than differences 
in urine creatinine concentration. We believe the most 
likely explanation for this is that normal physiological 
values vary by sex, rather than sex-related differences in 
cardiovascular or kidney health at this age.

The prevalence of albuminuria and mean values 
for urine ACR, urine albumin and urine creatinine 
concentrations were similar in children and adults. This 
was unexpected because, as a marker of early disease 
and risk for future clinical cardiovascular and kidney 
events, we would expect an increase in the prevalence 

Figure 2  Density plots for urine measures. Red line: girls/mothers; blue line: boys/fathers; black, dotted line: all. Graphs plot 
log-transformed data, with x-axis labelled using actual values for ease of interpretation. 
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of albuminuria between childhood and mid-adulthood, 
as is observed between young and older adults.40 Similar 
to the observed sex discrepancy, we suspect this observa-
tion is also partly due to a normal physiological variation. 
There are some reported differences in albumin excre-
tion between children and adults. For example, while 
overweight and obesity are likely to lead to an increasing 
prevalence of kidney and cardiovascular disease in later 
life, in childhood they are paradoxically associated with 
a lower urine ACR.13 14 This is in keeping with other 
counter-intuitive relationships at this age, for example, 
obese children showing apparently better flow-mediated 
dilatation.41 There is also some evidence to suggest that 
children have a greater orthostatic variation in albumin 

excretion than adults.36 In addition to physiological 
factors, there may be a pathological component to the 
high urine ACR levels observed among some children. 
These two components will be difficult to delineate until 
there are follow-up data on the persistence or regression 
of albuminuria when participants reach adulthood, and 
ideally data on the cumulative incidence of downstream 
clinical events.

Nonetheless, the adult participants in our study had 
a higher prevalence of albuminuria than anticipated. 
This was driven mostly by a high prevalence of albu-
minuria among mothers, who comprised 85.5% of the 
adult cohort. While it is well established that average 
ACR values are higher among adult females, this does 

Figure 3  Parent–child pair scatter plots. Graphs plot log-transformed data, with x-axis labelled using actual values for ease of 
interpretation.
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not always translate into a higher prevalence of albumin-
uria.42 In our study, the main reason for the observed 
sex discrepancy in ACR was a lower median urine creat-
inine concentration among mothers, which explains 
their higher prevalence of albuminuria despite a slightly 
lower prevalence of risk factors such as hypertension and 
obesity.4 43  Compared with our overall value of 13.5%, 
the 2011/2013 AHS  reported a prevalence of albumin-
uria <10% until the age of 65 years (using sex-adjusted 
thresholds),40 and the earlier AusDiab study found a 
lower prevalence again (6.6%).43 Overall, it does seem 
that the prevalence of albuminuria among Australians 
is increasing over time, consistent with Australians’ 
increasing BMI40 43 and with a lower 2008 prevalence of 
8.1% in the USA on a single, random sample.44

The parent–child concordance in albumin and ACR 
were low, consistent with genomic data regarding the 
heritability of ACR.19 20 Shared environmental risk factors 
are also likely to have contributed to this observation. It 
may be that familial concordance is only unmasked at 
older ages, in keeping with the higher familial clustering 
of albuminuria observed among sibling adults in the 
Framingham study.19 For children, this weak intergener-
ational concordance suggests that family history in itself 
will be insufficient to identify at-risk individuals and that 
additional risk factors will need to be considered if and 
when developing screening and intervention strategies.

Meaning and implications for clinicians and policymakers
Our results have implications for the determination of 
albuminuria thresholds in children and adults. For chil-
dren, thresholds may need to be increased and sex strat-
ified for random, single measurement, spot urine ACR. 
The current KDIGO guidelines acknowledge that the 

exclusion of patient-specific factors in defining albu-
minuria is controversial, but argue an ACR of 3.4 mg/
mmol is more than three times the normal value (1 mg/
mmol) in young adults and tied to risk regardless of 
age, sex and ethnicity. Our data suggest that an ACR of 
3.4 mg/mmol lies within the normal range for children, 
and there are also no data tying childhood ACR to future 
clinical events. Thus, the logic behind the exclusion of 
patient-specific factors cannot be applied to children and 
the use of a single threshold across all ages needs to be 
further explored. Repeated, first morning and/or timed 
samples may be necessary to accurately separate children 
at-risk of future kidney and cardiovascular events from 
those with physiologically higher ACR. However, this 
must be balanced against the risk of excluding kidney 
markers from large population studies for which feasi-
bility is paramount.

For the adult cohort of CheckPoint, it is hard to recon-
cile a higher prevalence of albuminuria among mothers 
(here driven largely by a lower urine creatinine concen-
tration) when females on average have a lower risk of 
cardiovascular and kidney disease at any given age.45 46 
This suggests limitations in the thresholds currently used 
to define albuminuria, which have been derived based on 
the average urine ACR value required to meet the defini-
tion of an abnormal albumin excretion rate.26 While this 
might appear to be a reasonable approach, the definition 
of an abnormal albumin excretion rate is based on limited 
distribution data and studies relating albumin excretion 
to the future development of diabetic nephropathy as 
defined by the development of a positive urine dipstick 
result.47–51 New ACR thresholds could perhaps be defined 
by such data directly relating ACR to the risk of cardiovas-
cular or kidney disease. However, this would increase the 
numbers identified as having albuminuria, thus if applied 
to clinical practice this runs the risk of generating overdi-
agnosis in people who are unlikely to benefit from treat-
ment where trial data are limited, as is the case here.16 17 52 
It is also important to remember that a constant relative 
risk for a biomarker across its normal range does not 
equate to a constant risk difference, and there may not be 
a clinically meaningful increase in events or net benefit to 
treatment at lower levels.17

Unanswered questions and future research
In summary, the prevalence of albuminuria among adult 
Australians is concerning with regards to their risk of 
future cardiovascular and kidney disease. Given this, 
and that specific treatments already exist (ACE inhibi-
tors and angiotensin receptor blockers), we need trials 
to determine if the treatment of isolated albuminuria is 
beneficial, at what threshold, and if treatment targets for 
patients with concomitant hypertension should include 
urine ACR. Albuminuria is common among Australian 
children as determined by the measurement of urine 
ACR on randomly timed, spot urine collection. However, 
more research is required into threshold selection for 

Table 3  Parent–child concordance

Variable

Pearson's correlation N CC 95% CI

 � Albumin (mg/L) 1300 0.06 0.01 to 0.11

 � Creatinine (mmol/L) 1301 0.19 0.13 to 0.24

 � Albumin-to-creatinine ratio 1300 0.06 0.01 to 0.12

Multivariable linear regression* N RC P value

 � Albumin (mg/L) 1292 0.09 0.06

 � Creatinine (mmol/L) 1293 0.15 <0.001

 � Albumin-to-creatinine ratio 1292 0.07 0.02

Partial correlation coefficient* N RC

 � Albumin (mg/L) 1292 0.05

 � Creatinine (mmol/L) 1293 0.18

 � Albumin-to-creatinine ratio 1292 0.07

*Adjusted for parent age, index of relative socioeconomic 
disadvantage, child and parent body mass index, parent and child 
sex. Albumin, creatinine and albumin-to-creatinine ratio have been 
log transformed.
CC, Pearson’s correlation coefficient; RC, estimated regression 
coefficient.
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children and this requires prospective data tying urine 
ACR to future clinical events.
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