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Abstract

High sodium intake and chronically elevated cortisol levels are independently associated with
the development of chronic diseases. In adults, high sodium intake is associated with high
levels of urinary cortisol. We aimed to determine the association between urinary sodium
and potassium and urinary cortisol in a cross-sectional sample of Australian schoolchildren
and their mothers. Participants were a sample of Australian children (n 120) and their
mothers (n 100) recruited through primary schools. We assessed sodium, potassium, free
cortisol and cortisol metabolites in one 24-h urine collection. Associations between 24-h
urinary electrolytes and 24-h urinary cortisol were assessed using multilevel mixed-effects
linear regression models. In children, urinary sodium was positively associated with urinary
free cortisol (B: 0.31 (95% CI 0.19, 0.44)) and urinary cortisol metabolites (3: 0.006, (95%
C10.002, 0.010)). Positive associations were also observed between urinary potassium and
urinary free cortisol (B:0.65, 95% CI 0.23, 1.07)) and urinary cortisol metabolites (B: 0.02,
95% CI 0.03, 0.031)). In mothers, urinary sodium was positively associated with urinary free
cortisol (B:0.23, 95% CI 0.01, 0.50)) and urinary cortisol metabolites (3:0.008, 95% CI
0.0007, 0.016)). Our findings show that daily sodium and potassium intake were positively
associated with cortisol production in children and their mothers. Investigation of the
mechanisms involved and the potential impact of sodium reduction on cortisol levels in these

populations is warranted.
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Introduction

There is evidence that excessive sodium intake is associated with the development of
hypertension and cardiovascular disease in adults'), and that modest reductions in sodium
intake can lead to decreases in blood pressure in children®®. Recent studies have also shown
that sodium intake is positively related to obesity in adults® and children, independent of
energy intake. In most developed countries, adults consume too much sodium and this has
also been observed in children, with intakes far exceeding dietary recommendations®.
Potassium is a nutrient known to have beneficial effects on health in adults including
reducing blood pressure and risk of stroke and cardiovascular disease, reducing age-related

bone loss and reduction of kidney stones®.

It has been suggested that a high sodium diet may lead to the development of chronic diseases
via increased production of cortisol as measured in urinet”. Cortisol, the main glucocorticoid
in humans, is an important steroid hormone in the regulation of metabolism and stress, which
is produced by activation of the hypothalamo-pituitary adrenal axis (HPA axis)®. Cortisol
can also be produced in tissues by the conversion of inactive cortisone to active cortisol
where it can have direct biological effects at a local level®. Elevated cortisol has been linked
to the development of numerous diseases in adults including cardiovascular disease, type 2
diabetes and metabolic syndrome®?. In a large cross-sectional study of adult men and
women, hair cortisol, as a marker of long term cortisol exposure, was positively associated
with weight, BMI and waist circumference, and in a retrospective longitudinal analysis was
found to be associated with obesity over 4 years™. The potential detrimental effects of
excess cortisol levels have also been observed in paediatric populations. For example,
greater increases in salivary cortisol in response to mild psychological stress in children was
associated with adverse effects on memory function®®. Recent evidence shows that cortisol

is elevated in children and adolescents with depression™ and in obese prepubertal girls™?.

There is evidence in adults to suggest that sodium intake is positively associated with urinary
cortisol concentrations. For example, in experimental studies conducted in adults, urinary
free cortisol increases after consuming high sodium diets of 320 mEqg/day™®® and 200
mmol/day*® and decreases after restricting sodium intake to 20 mmol/day™” and 10
mmol/day™®. While one study found no evidence of an association between 24-h urinary

sodium and cortisol levels, this study measured cortisol levels only in serum rather than
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urine®. These findings are consistent with those of Baudrand and colleagues who measured
cortisol in both plasma and urine”. These investigators showed that urinary free cortisol and
total cortisol metabolite levels in urine but not plasma were significantly higher in
participants with high sodium intake compared with those with an adequate sodium intake”.
These latter two studies suggest that it is not sufficient to measure cortisol in plasma/serum as
these levels remain well controlled within a stable homeostatic range. Instead, it appears
necessary to measure cortisol levels in urine. While the levels of cortisol in plasma would
intuitively seem to be the most important, as these are what the tissues are exposed to, when
cortisol produced occurs within tissues, it can have detrimental effects at a local level before
entering the systemic circulation and being cleared rapidly by the kidney. Measures of both
urinary free cortisol and total cortisol metabolites are necessary to provide a complete picture
of urine cortisol excretion, which is thought to be indicative of overall daily cortisol
production”. Although there is evidence of an association between sodium intake and

urinary cortisol in adults, no studies have examined this association in children.

Thus, the primary objective of this study was to test the hypothesis that 24-h urinary sodium
is positively associated with 24-h urinary free cortisol and total cortisol metabolites in a
sample of Australian schoolchildren aged 5-12 years and their mothers. Given the known
health benefits of higher potassium intake, and the lack of data available on potassium and
cortisol in adults and children, we further hypothesised that children and their mothers would
show a negative association between 24-h urinary potassium and urinary free cortisol and
total cortisol metabolites. This was part of a larger cross-sectional study in which we have
previously reported a positive association between sodium intake and obesity risk in

Australian schoolchildren @,
Methods
Study design and participants

In this study, we measured urinary free cortisol and cortisol metabolites in 24-h urine samples
in a sub-group of primary schoolchildren and their mothers who had participated in the Salt
and Other Nutrient Intakes in Children (SONIC) study, which included children and their
parents sampled from primary schools located in Victoria, Australia from 2009-2013. A
detailed description of the study protocol and the primary results have been reported

previously®>?Y). The initial sample size for this study was determined by the number of
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mothers with available sodium data, which was 107 mothers. If two or more children from
one family had participated in the SONIC study, we randomly selected one child per mother
to be included. Five mothers were subsequently excluded because cortisol data could not be
obtained, but we chose to keep their child in the present study. As we wished to look at the
association between urinary sodium and urinary cortisol across the widest possible range of
sodium intakes in children, we included an additional 7 children with sodium levels (249-310
mmol/24-h) higher than the range of the already selected children (31-245 mmol/24-h) and 6
children with sodium levels lower than this selected range (13-30 mmol/24-h). Therefore,

our sample included 102 mother-child pairs and a total of 120 children.

The study was conducted according to the guidelines laid down in the Declaration of
Helsinki. Mothers and children provided written informed consent before commencing the
study, which was approved by the Deakin University Human Ethics Committee (Project No:
EC 62-2009).

Measures
Socio-Economic status (SES) was based on school postcode, as previously defined®.
24-hour urine collection

The 24-h urine collection protocol has been described elsewhere™?Y. In brief, at the start of
the 24-h urine collection, children and mothers were instructed to empty their bladder,
discard this urine and note this as the start time of their collection. Following this, all urine
voided was collected until the 24-h finish time. Urine samples were considered incomplete
and not included in the final analysis if collection time was <20 h or >28 h, total volume was
<300ml, the participant reported missing >1 collection, or urinary creatinine for children
were <0-1 mmol/kg body weight per day®®"). Mothers with suspected inaccurate urine
collections (i.e. urinary creatinine <4 mmol/day for women, or a 24-h urine collection of

<500 mL) were excluded.

Aliquots of urine (2ml) that were stored at -80°C were thawed under room temperature and

utilised for free cortisol and cortisol metabolite analyses.

Urinary free cortisol analysis
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Concentrations of urinary free cortisol were measured using an enzyme-linked
immunosorbent assay (Diametra, Milano, Italy). Seven assays were conducted with the
lowest detection sensitivity of 2.95 ng/mL at the 95% confidence limit. The intra-assay
coefficient of variation was 4.8 % at 47 ng/mL and 8.0 % at 287 ng/mL. The inter-assay

coefficient of variation was 10.8 % at 47 ng/mL and 7.9 % at 287 ng/mL.

Extraction of steroids and measurement of cortisol metabolites by gas chromatography—mass
spectrometry (GC-MS)

Steroids were extracted from urine samples and measured using GC-MS based on previously
published methods®®® with some modifications. Briefly, deuterated internal standards,
tetrahydrocortisone-Ds (THE-Ds) and tetrahydrocortisol-Ds (THF-Ds; Sigma Aldrich, Castle
Hill, NSW, Australia), were added to samples followed by hydrolysis, extraction, and
derivitazation steps described previously®?. Nitrogen-dried samples were reconstituted in
cyclohexane/pyridine/hexamethyldisilazane (98:1:1) and transferred to vials for GC-MS.

The GC-MS system consisted of Agilent components: a 6890 GC, a 7683 automated sampler
and a 5975C mass selective detector. A 30 m x 0.25 mm (1.D.) x 0.25 um capillary column
(VF-Xms; Agilent Technologies) was used with helium as the carrier gas (flow rate 1.1
ml/min). The GC oven program consisted of an initial hold temperature of 70°C for 1.5
minutes, a 25°C/min ramp to 220°C, a 2°C/min ramp to 276°C, a 25°C/min ramp to 320°C,
and a final hold time for 3 min at 320°C. Data recording and analysis occurred using MSD
Chemstation software (Agilent Technologies). Endogenous cortisol metabolites, a-cortolone,
B-cortolone, a-cortol, B-cortol, tetrahydrocortisone (THE), tetrahydrocortisol (THF) and allo-
tetrahydrocortisol (a-THF) and deuterated internal standards were identified using selective
ion monitoring. External standard curves were run daily for each of the target metabolites for
purposes of relative quantification. Each metabolite was quantitatively corrected for its own
or its closest related deuterated internal standard. The total cortisol metabolites in each
sample were calculated as the sum of each individual cortisol metabolite concentration,

corrected for the total urine collection volume.
Urinary sodium and potassium analysis

Returned 24-h urine samples were transported to an accredited commercial pathology
laboratory (Dorevitch Pathology) for analysis. Urinary sodium (Na) and potassium (K)

concentrations were assessed using indirect ion selective electrodes, and urinary creatinine

Downloaded from https://www.cambridge.org/core. Deakin University, Australia (Books), on 07 Nov 2018 at 22:36:46, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/50007114518003148


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114518003148
https://www.cambridge.org/core

Accepted manuscript

concentration was assessed using the Jaffe reaction® on the Siemens Advia 2400 analyser
(Siemens Healthcare). Approximately 90-95% of ingested sodium is excreted in urine®®®.
Because of the high recovery of sodium in urine, 24-hour urine is considered the “gold
standard” method to determine dietary sodium intake®. The coefficient of variation for Na
and K was <1% and for creatinine it was 3.25%. If the duration of the collection was not
exactly 24-h but within 20-28 h, urinary electrolytes, creatinine, urinary free cortisol, urinary
cortisol metabolites and total volume were standardised to a 24-h period (i.e. (24-h/urine

duration (h))xurinary measure).
Anthropometric measures

Height and weight of children were measured by trained research staff following standard
protocols*?). BMI was calculated as weight (kilograms) divided by height (metres) squared.
BMI values were converted to age- and sex-adjusted BMI z scores using the 2000 US Centers
for Disease Control and Prevention growth charts®®?”. No anthropometry data were

available for the mothers.
Statistical analysis

Descriptive statistics (mean values and standard deviations or numbers and percentages) were
calculated to describe the participant characteristics. Differences between children and
mothers 24-h urinary electrolytes and 24-h urinary cortisol were assessed using Mann-
Whitney U Test. Multilevel mixed-effects linear regression was used to determine the
association between urinary Na or urinary K and urinary free cortisol or total cortisol
metabolites. All models included a random intercept for school. In children, unadjusted
models and models adjusting for age, gender, urinary sodium or urinary potassium are
presented. In an additional model, we also adjusted for BMI z-score because obesity may
influence the association between urinary electrolytes and urinary cortisol. In mothers,
unadjusted models and models adjusting for age, urinary sodium or urinary potassium were
fitted. Additionally, the associations were tested between mothers and children for urinary
electrolytes and urinary cortisol. Model residuals were assessed for normality and

heteroscedasticity using Q-Q plots and plots of residuals against fitted values.

Based on prior research!”), we estimated an effect size of r?=0.17 for the relationship between
urinary sodium and urinary free cortisol and r>=0.10 for the relationship between urinary
sodium and urinary cortisol metabolites. Power analyses conducted separately for children (n
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= 120) and mothers (n = 100) showed that we had over 90% power to detect these effects, for
alpha=0.05. All statistical analysis, including power analysis, was conducted using SPSS
24.0 for Windows (SPSS. Inc.) and STATA SE, version 15 (1985-2017; StataCorp).

Results
Participants

Table 1 shows the demographic characteristics and 24-h urinary electrolytes and cortisol for
children and mothers. There was one mother excluded based on an extremely low urinary
sodium concentration (10 mmol/24-h, >3 SD below the mean) and one mother excluded with
an extremely high urinary free cortisol concentration (529 mmol/24-h, >3 SD above the
mean). The final sample consisted of 120 children and 100 mothers. There was no
difference in age, sex, SES or BMI z-score between those children in this sub-study
compared with those in the original SONIC study (data not shown, P>0.05 for all)®.
Overall, 53% of children were girls and had an average age of 9.2 years. In total, 13% of
children were either overweight or obese. With respect to sodium intake in the children,
urinary sodium ranged from 13 to 310 mmol/day with a mean of 104 mmol/day. There were
45 (38%) children who were at or below the recommended dietary sodium upper level and 75
(63%) children who exceeded the upper level (upper level: 4-8 years 60 mmol/day, 9-13
years 86 mmol/day)®®. The average age of mothers was 41.7 years. In mothers, urinary
sodium ranged from 47 to 237 mmol/day with a mean of 121 mmol/day. There were 36
(36%) mothers who were at or below the recommended sodium upper level for adults of 100
mmol/day)®® and 64 (64%) mothers who exceeded the upper level. Compared to children,
the mothers had significantly higher levels of urinary electrolytes, urinary free cortisol and

total cortisol metabolites (Table 1).
Associations between urinary electrolytes and urinary cortisol

Fig. 1 shows scatterplots for children's 24-h urinary electrolytes and urinary cortisol and
cortisol metabolites. Table 2 shows the multilevel mixed-effects linear regression models for
children with urinary electrolytes as the independent variables and urinary free cortisol and
urinary cortisol metabolites as the dependent variables. In children, urinary sodium and
potassium were both positively associated with urinary free cortisol and urinary cortisol
metabolites, and this relationship persisted after adjusting for relevant confounders (age, sex,
urinary sodium, urinary potassium and BMI z-score). Results from the fully adjusted models
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show that a 1 mmol/24-h increase in urinary sodium was related with a 0.31 nmol/24-h (95%
C10.19, 0.44) higher urinary free cortisol, and a 1 mmol/24-h increase in urinary potassium
was related with a 0.65 nmol/24-h (95% CI 0.23, 1.07) higher urinary free cortisol (Fig. 1).
There was no evidence of an association between sodium to potassium ratio and either

urinary free cortisol or urinary cortisol metabolites (data not shown).

In mothers, urinary sodium was positively associated with urinary free cortisol and cortisol
metabolites in both the unadjusted and adjusted models (Table 2 and Fig. 2). Urinary
potassium was positively associated with urinary cortisol metabolites in the unadjusted model
but not in the adjusted model and urinary potassium was not associated with urinary free
cortisol in unadjusted or adjusted models. In mothers, urinary sodium was positively

associated with urinary potassium (r=0.266, P<0.05).

Within mother-child dyads, urinary sodium, free cortisol and cortisol metabolites were
positively associated (P<0.05) between mothers and children’s, but urinary potassium was
not (Table 3).
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Discussion

Among a sample of Australian schoolchildren, we have reported novel data for the first time
that higher 24-h urinary sodium and potassium levels were associated with higher 24-h
urinary free cortisol and urinary cortisol metabolites. In mothers, urinary sodium was
positively associated with both urinary free cortisol and cortisol metabolites, while urinary
potassium was not associated with urinary free cortisol or cortisol metabolites. Associations
in children remained after adjusting for age, gender, BMI zscore, and urinary sodium or
urinary potassium. Overall, the magnitude of the associations was greatest in the children.
We also found that urinary sodium, free cortisol and cortisol metabolites were positively
associated between children and mothers. It should be noted that causation cannot be

established due to the cross-sectional nature of this study.

The level of urinary free cortisol in the children in the present study was similar to that in a
population of obese children®®®, but higher than that in a population of healthy children®?.
Urinary free cortisol levels in the mothers in the present study were similar to those reported
by Baudrand et al”, however, cortisol metabolite levels were lower. Differences between
studies may reflect inter-laboratory differences in methodologies, which has been reported in

the analysis of hair cortisol concentrations.®V

In the present study, our findings suggest for children that a high sodium diet is associated
with an increase in daily production of cortisol. As previously reported, elevated cortisol
levels have been linked to the development of chronic diseases in paediatric populations
(121319 " Our findings show that dietary sodium appears to be a factor modifying cortisol
production in both paediatric and adult populations. Our findings in mothers are consistent
with evidence from studies in adults where high sodium intake was also found to be
positively associated with free urinary cortisol and urinary cortisol metabolites'”. Likewise,
in two studies in men that went from a low sodium (10 mmol/day) to high sodium diet (200
mmol/day), urinary cortisol increased by 65 nmol/day"‘® and 20 mcg/day®®. Although there
is evidence to suggest sodium intake is linked to cortisol production, the precise mechanisms
remain to be elucidated. The main pathways of cortisol metabolism include two isoforms of
the 11B-hydroxysteroid dehydrogenase (11BHSD), 11BHSD1 and 11BHSD2, which are found
in many human tissues®. 11BHSD1 converts inactive cortisone to cortisol and 11BHSD2

inactivates cortisol to cortisone. In rats fed a high salt diet, gene expression of 11HSD1
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increased in adipose tissue, resulting in greater production of the active hormone
corticosterone (the main glucocorticoid found in rodents), providing support for how sodium
might influence cortisol secretion®?. Currently, there is no evidence for an equivalent

mechanism in a human model.

Our findings that urinary potassium was positively associated with urinary free cortisol and
cortisol metabolites in children are novel as this has not been reported before in this
population group. However, these findings were contrary to our hypothesis where we
predicted a negative association between urinary potassium and urinary free cortisol and total
cortisol metabolites based on the reported health benefits of potassium. Nevertheless, feeding
studies in rats have investigated a potential mechanism for how dietary potassium intake
might influence corticosterone levels. Feeding rats a diet high in potassium chloride resulted
in increased production of 11BHSD2 protein in the renal distal tubules, catalysing the
conversion of the active corticosterone to the inactive 11-dehydrocorticosterone 2. This
results in greater specificity for renal distal tubule mineralocorticoid receptors to aldosterone
thereby promoting aldosterone-induced potassium excretion. In contrast, Thompson et al
found that a high potassium diet was associated with reduced renal 11BHSD?2 activity in
rats®” thus, enhancing the access of glucocorticoids to the mineralocorticoid receptor to
promote urinary potassium excretion. While these two studies show that potassium may be
involved in 11BHSD2 regulation in the renal distal tubule, and therefore glucocorticoid
excretion, the discordant findings suggest that further research is required in this area.
Further studies are needed to determine the relevant mechanisms present in humans and any

potential physiological or health implications.

It is important to consider the clinical relevance of our findings. We found that 1 mmol/24-h
of urinary sodium was related to a 0.31 nmol/24-h higher urinary free cortisol and that 1
mmol/24-h of urinary potassium was related to a 0.65 nmol/24-h higher urinary free cortisol.
While reference ranges for cortisol are available for the diagnosis of clinical conditions such
as Cushing’s syndrome,® clinically meaningful levels for cortisol in terms of biological
outcomes for non-clinical populations are not well understood. Studies in adults have found
that decreasing sodium by 180 mmol/24-h reduced urinary free cortisol by 40 nmol/24-h®*"
and 61 nmol/24-h™®. It is not likely, however, that such large reductions in sodium would be
achievable in the general population. In the present study, the average sodium intake in the

children was 104 mmol/day (compared to an upper level of 86 mmol/day, 9-13 years) and the
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average sodium intake in the mothers was 121 mmol/day (compared to an upper level of 100
mmol/day)©®. Overall, clinically meaningful reductions in urinary free cortisol are not well
understood in paediatric or adult populations, therefore it is difficult to recommend a

reduction in urinary sodium and potassium; further research in this area is warranted.

In the present study, we found that urinary free cortisol and cortisol metabolites were
positively associated between children and mothers. This is consistent with results from a
study that found high maternal hair cortisol was strongly associated with their infant’s

evening salivary cortisol levels®®

. In a sample of mothers and their children living in
socioeconomically disadvantaged neighbourhoods, hair cortisol levels were also strongly
positively associated between mothers and their children®”. Similarly, Pratt et al reported
concordance for diurnal cortisol secretion between mothers and their 6-year-old children®®.
Tarullo et al have proposed that this physiological concordance between mother and child has
an evolutionary basis, such that having a similar response is adaptive when facing the same

external risk®®,

There are limitations associated with this study, which must be considered when interpreting
the findings. The cross-sectional design of the study prevents the detection of causal
relationships between dietary electrolyte intake and cortisol levels. We did not obtain any
anthropometric measures in the mothers, so we were unable to adjust for these in the
regression analyses. While the association between sodium or potassium and cortisol may be
influenced by the types of foods and nutrients consumed by the children and mothers, we
were unable to assess this in our study. The convenience sample of schoolchildren
potentially limits the generalisability of the findings to a wider population. We only assessed
mothers in this study as the relationship between urinary electrolytes and urinary cortisol and
cortisol metabolites between mother and child may differ to father and child. A strength of
this study was that both urinary cortisol and cortisol metabolites were measured to fully

characterise cortisol production.

In conclusion, in a population of schoolchildren and their mothers, this study has shown that
high sodium and potassium intake is associated with increased production of cortisol. The
negative health implications of elevated cortisol exposure are well documented. Future
research should include metabolic studies to investigate mechanisms that might be involved

and the effect of sodium reduction on cortisol levels in these target populations.
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Table 1. Descriptive characteristics of participants (mean values and standard deviations; or

percentages)
Children Mothers
(n 120) (n 100)
Characteristics Mean SD Mean  SD
Age (years) 9.2 2.0 41.7 5.1
Age range (years) (5.0-12.8) (23.3-52.4)
Female 63 100
n
% 53 100
BMI (kg/m?) 17.3 3.0 NA
BMI (z score) 0.1 1.0 NA
Weight category
Underweight (%) 10.0 NA
Healthy weight (%) 76.7 NA
Overweight (%) 11.7 NA
Obese (%) 1.7 NA
Urinary sodium (mmaol/24-h) 104.2 61.8 1214  40.1*
Urinary potassium (mmaol/24-h) 46.8 18.5 67.7 18.3*
Urinary creatinine (mmaol/24-h) 5.4 2.2 10.1 2.2*
Urinary free cortisol (nmol/24-h) 96.2 45.8 114.8 49.0*
Total cortisol metabolites (mg/24-h) 3.0 1.5 4.3 1.6*

NA, Not available; BMI, Body Mass Index
*P<0.05 Mann-Whitney U Test
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Table 2. The association between urinary electrolytes and urinary cortisol in schoolchildren and mothers

(Regression coefficients and 95% confidence intervals)

Urinary free cortisol Urinary cortisol metabolites
Children (n 120)
B 95% ClI P B 95% ClI P
Urinary sodium  Model 1* 0.43 0.32,0.54 <0.001 0.01 0.008, 0.015 <0.001
Model 21 0.29 0.17,0.40 <0.001 0.006 0.003, 0.010 <0.001
Model 31 0.31 0.19,0.44 <0.001 0.006 0.002, 0.010 <0.01
Urinary potassium
Model 1* 1.36 0.99,1.73 <0.001 0.04 0.03, 0.05 <0.001
Model 2+ 0.60 0.18, 1.02 <0.01 0.02 0.004, 0.003 0.01
Model 3** 0.65 0.23,1.07 <0.01 0.02 0.003, 0.031 0.015
Mothers (n 100)
Urinary sodium
Model 1* 0.26 0.03, 0.50 0.026 0.009 0.002, 0.017 0.012
Model 28§ 0.23 0.01, 0.50 0.042 0.008 0.0007, 0.016 0.032
Urinary potassium
Model 1* 0.32 -0.20, 0.83 0.233 0.017 -0.0001, 0.033 0.047
Model 2I 0.14 -0.41, 0.70 0.618 0.015 -0.002, 0.032 0.087

*Model 1: unadjusted
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tModel 2: adjusted for age, sex, and urinary potassium

tModel 2: adjusted for age, sex and urinary sodium

8Model 2: adjusted for age and urinary potassium (N=94 included in analysis)
IModel 2: adjusted for age and urinary sodium (N=94 included in analysis)
fIModel 3: adjusted for age, sex, urinary potassium and BMI z score

**Model 3: adjusted for ages, sex, urinary sodium and BMI z score
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Table 3 Pairwise associations between urinary electrolytes and urinary cortisol in mother-child dyads (N=100)

(Regression coefficients and 95% confidence intervals)

Outcome Predictor Unadjusted model
Child Mother B 95% CI P
Sodium Sodium 0.25 0.06, 0.43 <0.001
Potassium Potassium 0.06 -0.11, 0.22 0.514
Urinary free cortisol Urinary free cortisol 0.26 0.11,041 <0.001
Urinary cortisol metabolites Urinary cortisol metabolites 0.19 0.03,0.36 0.023
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Figure 1. Scatterplots for children’s 24-h urinary electrolytes and 24-h urinary cortisol (n=120).

Scatterplots for (a) urinary sodium and urinary free cortisol, (b) urinary sodium and urinary cortisol

metabolites, (c) urinary potassium and urinary free cortisol, (d) urinary potassium and urinary

cortisol metabolites. Data were analysed with multilevel mixed-effects linear regressions adjusted

for age, sex and BMI z score. Additionally adjusted for urinary potassium (a) and (b), and urinary

sodium (c) and (d).
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Figure 2. Scatterplots for mother’s 24-h urinary electrolytes and 24-h urinary cortisol (n=100).

Scatterplots for (a) urinary sodium and urinary free cortisol, (b) urinary sodium and urinary cortisol

metabolites, (c) urinary potassium and urinary free cortisol, (d) urinary potassium and urinary

cortisol metabolites. Data were analysed with multilevel mixed-effects linear regressions adjusted

for age. Additionally adjusted for urinary potassium (a) and (b), and urinary sodium (c) and (d).
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