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Abstract: Calcium (Ca) and phosphorus (P) are critical nutrients and essential elements for the growth and
development of humans. Since proper diagnosis and treatment are indispensable parts of personalized and
precision medicine in patients with chronic diseases, in addition to unknown about the role of Ca/P ratios, the
main aim of this cross-sectional study was to assess serum and urine Ca and P levels, the Ca/P ratios and their
association with health and nutritional biomarkers in children and adolescents with chronic diseases. We carried
out anthropometric, body composition, clinical evaluation, biochemical analysis, dietary survey, and bone
densitometry methods. In 39 patients (2-19 years, 61.5% women, 56.4% adolescents), results showed that 20% of
subjects had hypercalciuria, 23% had high Ca/Cr rate, and 44% exhibited hyperphosphaturia. No one patient
was hypocalcemic or hyperphosphatemic. Serum and urinary Ca/P ratios were 2.12 and 0.13, respectively. 36%
and 5% of subjects had hypophosphatemia and hypercalcemia, respectively. Serum and urine Ca and P levels
were associated with several nutritional parameters studied. This study confirms the need to investigate Ca, P,
and their relationship in urine in childhood.

Keywords: calcium-phosphorus product; phosphatase alkaline; physical activity.

1. Introduction

Phosphorus or phosphate (P) and calcium (Ca) homeostasis are critical for several physiological
processes, such as DNA structure, cell signaling, blood coagulation, muscle contraction, bone mineral
density, and neuronal excitation [1,2]. Calcium is an intracellular and extracellular ion necessary for
muscle and heart contraction, rhythm, neurological function, bone and tooth structure, blood clotting,
hormone release, and enzyme function [3]. Abnormal Ca is associated with the risk of osteoporosis,
hypertension, colon cancer, breast cancer, kidney stones and lead harming [4]. Phosphorus plays a
substantial role in all cell and tissue maintenance and repair [5]. It is an essential element closely
related to dietary intake. Recent studies have found that increased P loading can trigger the activation
of inflammatory signaling in various parts of the body, triggering cardiovascular diseases (CVD),
tumorigenesis, depression and neuronal disorders [6]. Serum Ca and P levels are approximately and
inversely related [7]. The kidneys, intestine and bones, through the combined effects of
phosphotropic and calciumtropic hormones, parathyroid hormone (PTH), active vitamin D (Vit-D) 3
and fibroblast growth factor 23 (FGF23) tightly regulated plasma Ca and P levels [8].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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It is fundamental to compare urinary excretions of minerals with their regular reference ranges to
detect mineral metabolic disorders. In adults, these reference standards vary within relatively narrow
limits. In the pediatric population, these ranges vary widely by race, country and age, making it
impossible to have defined references [9]. Renal P reabsorption controls serum P concentration and
is quantified as tubular P reabsorption and expressed as the renal P threshold, closely reflecting the
normal range of serum P [10]. Since endogenous and dermal Ca loss is low, the relationship between
dietary Ca and its loss depends on the efficiency of its intestinal absorption, skeletal turnover and
balance, and Ca urinary excretion in the kidneys [11]. The kidneys may under excrete Ca, as in some
hypercalcemic disorders, and over excrete Ca, as in some patients with nephrolithiasis, and under
excrete P, as in renal failure and defects in FGF23 action, and over excrete P as in some renal tubular
disorders and renal P loss due to excess FGF23 and other phosphatonins [12]. Hypocalcemia is
frequently due to dysregulation of PTH production, Vit-D deficiency (VDD), and various
gastrointestinal (GI) disorders that cause malabsorption. Hypophosphatemia is due to reduced
intake, poor GI absorption, increased renal excretion, or transcellular redistribution from
extracellular fluid into cells [13].

The Ca/P ratio in the diet is a factor that deserves special attention for bone health. Research in
animals and humans indicates that a low Ca/P ratio is detrimental to the skeleton, but a high Ca
intake would not counteract the adverse effect of a high P intake, especially from food additives [11].
Nevertheless, little is known about the relationship between serum and urine Ca and P levels and
their ratios in healthy children populations and even less in patients with non-communicable diseases
(NCDs). In cystic fibrosis (CF) patients, there was a meaningful association between serum and urine
Ca/P ratios, suggesting that both might be useful as Ca and P metabolism indicators [1]. We believe
personalized and precision medicine is helpful and indispensable tools to improve the quality of life
in pediatric ages with chronic conditions. Ensuring an adequate supply of Ca and P in childhood
populations with chronic conditions should be a priority. We hypothesize that children and
adolescents with chronic illnesses could have abnormal excretion of Ca and P levels. Therefore, the
main aim of this study was to evaluate serum and urine Ca and P levels and their Ca/P ratios and
their association with health and nutritional biomarkers in a group of children and adolescents with
chronic diseases.

2. Materials and Methods
2.1. Study site, Design and Participants

The design of this prospective observational study (Figure 1) has been previously published [14-
17]. Patients were successively referred to the Nutrition Unit of the Pediatric Service of the University
Clinical Hospital of Valladolid, Spain, for 18 months. The inclusion criteria were patients under 19
years of age with chronic illnesses. Chronic diseases include malnutrition (cause unknown),
syndromic diseases, encephalopathies, renal diseases, hyperlipidemia, and eating disorders. We
excluded patients with CF [1], acute infection, those hospitalized, and those who refused to
participate.

2.2. Ethical Consideration

The Ethics Committee of the University Clinical Hospital of Valladolid (INSALUD-Valladolid,
February 14, 2002) approved the study protocol. We carried out this study following the
recommendations of the Declaration of Helsinki. Family members/guardians of all patients signed
the informed consent before the study.

2.3. Clinical Evaluation

We assess each patient for symptoms related to their nutritional status and daily physical activity
(PA). We used a questionnaire based on the Global Physical Activity Questionnaire (GPAQ), adapted to
the patient's age [18], the week before the clinical assessment, recording the total time spent on PA
(TTSAF: sport, school gymnastics, and physiotherapy) in hours/week. We classified them into three
categories: active/very active PA, light PA, and sedentary/very sedentary PA.
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Figure 1. Flow diagram assignment of children with chronic disease (1 = 39).

2.4. Assessment of Phenotypic Characteristics

We assessed anthropometric measurements of weight, height, wrist, hip, waist, and hip, and mid-
upper-arm circumference using standard techniques. We calculated using Frisancho [19] and Orbegozo
tables [20], the Z-score of weight-for-age, height-for-age (HA), height-age or age-for-50°height (A50°H),
weight-for-height, BMI-for-age (BMI), BMI-height-age (BHA), nutritional index, Waterlow I and II
(weight and height) [21], and upper arm area, upper arm muscle area, upper arm fat area, mid-arm
muscle circumference, fat-free mass (FFM) and fat mass (FM), waist/hip ratio, and waist/height index.
Using a Holtain Skinfold Caliper (Holtain LTD, Crymych, UK), triceps, biceps, subscapular, and
suprailiac skinfolds thickness and the sum of skinfolds were measured. The BMI Z-score was used to
classify patients as underweight (<-2 standard deviations [SD]), eutrophic (-2 to +2 SD), or obese (> +2
SD). Body composition assessed three compartments, including FM, bone mineral content, and FFM,
using anthropometric measurements and bioelectrical impedance analysis (BIA) [RJL BIA-101 (RJL
System, Detroit, ML, USA)]. We calculated body fat percentage [(BF%: fat mass/total weight) x 100], and
the excess body adiposity was >25% for boys and > 30% for girls. The fraction of body fat was estimated
using the fat mass index [FMI = fat mass/height? (kg/m?)] and the free fraction of body fat with the fat-
free mass index [FFMI = fat-free mass/height? (kg/m?)] [22]. Bone mineral density (BMD) was assessed
by quantitative ultrasound [DBM Sonic 1200 IGEA (Emsor S.A., Madrid, Spain)] using bone conduction
speed (BCS: absolute value and Z-score) of the last four fingers of the non-dominant hand, using a
population of healthy young Spaniards matched by age and sex from the Community of Castilla y Ledn
as a reference population [23,24]. Basal energy expenditure (BEE) was measured with Indirect
Calorimetry (IC) in fasting, using a canopy system under standardized conditions [Deltatrac I (Datex-
Ohmeda. Helsinki, Finland)].
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2.5. Dietary Assessment

In a prospective 72-hour dietary survey (including one of the weekend days),
parents/guardians/patients recorded all foods eaten and their amounts (using common kitchen
measurements) the week before the blood test. Daily energy intake; fiber; carbohydrates; protein;
lipids; monounsaturated, polyunsaturated, and saturated fats; Vit-A, Vit-B1, Vit-B2, Vit-B6, Vit-B12,
Vit-C, Vit-D, Vit-E, niacin and folic acid; and Ca, Mg, iron (Fe), zinc (Zn), and iodine, was calculated
as the percentage of Dietary Reference Intake (% DRI, normal range: 80% - 120%) or adequate intake
using the Mataix Food and Health software (FUNIBER, v.1.1.5. 2005), which provided the percentage
of actual nutrient intake relative to the Spanish recommendations [25,26]. The Ca/Mg intake ratio
used the cut-off points of 1.70-2.60 [27].

2.6. Laboratory Exploration

Complete blood count, biochemical profile, and acute-phase protein activity, including C-
reactive protein and erythrocyte sedimentation rate, and serum prealbumin, albumin, transferrin,
lymphocytes, total cholesterol, and low-density-lipoprotein cholesterol, were measured using
standardized methods. We assessed the total immunoglobulin (Ig) G levels, IgG1-4, IgA, IgM and
IgE, complement C3 and C4, CD3, CD4, CD8, CD16+56, CD19 lymphocytes and CD4/CDS8 ratio,
insulin-like growth factor-1 and insulin-like growth factor-binding protein 3, folic acid, beta-carotene,
Vit-B12, Vit-C, Vit-D, Vit-E, Ca, P, Fe, Mg [17,28], serum Ca/Mg ratio is 3.91-4.70 [29], and the serum
Mg/Ca ratio of 0.4 is optimal (0.36-0.28 too low) [30,31], using methods standardized. Serum Zn [15]
and copper (Cu) [16] were evaluated in the Department of Chemistry of the University of Valladolid.
The Cu/Zn ratio is 0.7 to 1.0 [32], and the Zn/Cu ratio is <4.0 [33].

For serum Vit-D: severe deficiency <5 ng/mL, deficiency <20 ng/mL, insufficiency 20-30 mg/mL,
sufficiency >30 ng/mL [34,35]. Serum Ca was corrected when the serum albumin level was <4.0 g/dL,
using the formula: Corrected Ca (mg/dL) = measured Ca (mg/dL) + [4 - albumin (g/dL) [36]; normal
from 8.8 to 10.8 mg/dL [37], and hypercalcemia >10.5 mg/dL or ionized Ca >5.25 mg/dL [32]. Normal
serum P is from 4.5 to 6.5 mg/dL, hypophosphatemia <4.5 mg/dL, and 8yperphosphatemia >6.5
mg/dL [37]. The serum Ca/P ratio <18 years is 1.7-2.7, and >18-34 years is 2.2-3.2 [39]. >3.5 for primary
hyperparathyroidism (PHPT) [7], and <2.3 (normal range from 2.3 to 3.3 for HypoPT) [40]. The Ca-P
product (Ca-PP) >55-60 mg?/dL? risk factor for increasing CV morbidity [41,42], >72 mg?/dL2increased
relative mortality risk [42]. Serum creatinine (Cr) for infants is 0.2-0.4 mg/dL, for children is 0.3-0.7
mg/dL, and for adolescents is 0.5-1.0 mg/dL [37]. Alkaline phosphatase (ALP) from 1 to <10 years is
156-369 U/L, from 10 to <13 years is 141-160 U/L, from 13 to <15 years female is 62-280 U/L, male is
57-127 U/L, from 15 to <17 years female is 54-128 U/L, male is 89-365 U/L, from 17 to <19 years female
is 48-95 U/L, male is 59-164 [43].

In 24-hour urine samples, Ca, P, and Cr levels were assessed by standardized methods.
Hypercalciuria >4 mg/kg/d at any age [44] and >200 mg/L (20 mg/dL) [45]. Hypercalciuria by Ca/Cr
rate from 2 to 4 years is >0.28, children >4 years is >0.20 (<0.20 is normal while less than 0.18 mg Ca/Cr
rate is optimal) [45,46]. Urinary Ca excretion (UCaE): Urine Ca x (serum Cr/urine Cr) <0.175 in men
and <0.150 in women [47]. Urinary Cr in childhood is 15-25 mg/kg/day for men and 10-20 mg/kg/day
for women [48], and 24-hour urine creatinine from 500 to 2000 mg/d [49,50]. Urine P: 700-900 mg/d
[51], for body weight: 7.8-17 mg/kg/d [52]. Fractional excretion of P (FEP): FEPO4 = [PO4 (Urine) *
Creatinine (Serum)] / [PO4 (Serum) * Creatinine (Urine)] * 100: <20% are considered normal [53]. The
Fractional Tubular Reabsorption of Phosphate (TRP)({l1-[(urinary P xserum Cr) / (urinary
Cr x serum P)]} x 100 [54] is 78-91% [52]. Tubular maximum P reabsorption per glomerular filtration
rate (TmP/GFR): If TRP <0.86, TmP/GFR = TRP x serum P. If TRP >0.86, TmP/GFR = o x serum P,
where a = 0.3 x TRP/{1-(0.8 x TRP)} [55]. TmP/GFR from 1 to 5 years = 3.25 to 5.51 mg/dL, from 6 to
12 years = 3.00 to 5.08 mg/dL; from 13 to 15 years = 2.82 to 5.20 mg/dL, and 216 years is 2.60-3.80
mg/dL [56]. TmP/GFR <2.8 mg/dL indicated the renal tubular P loss [55]. Ca-P product from 40.42 to
89.18 (data no published). The urine Ca/P ratio range is from 0.89 to 1.62 [1].

2.7. Statistical Analysis

We classified participants by chronological age (CA) group according to Tanner stages in
children and adolescents and by nutritional status based on their BMI in obese, eutrophic, and
underfed groups. The main variables were Ca, P levels, Ca/P ratio and Ca-PP in serum and urine
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samples. Secondary variables were clinical and anthropometric assessments, body composition, bone
densitometry, diet, complete blood count, blood and urinary biochemistry, and BEE. We show
anthropometric (quantitatively and Z-scores) and biochemical results as mean, median, quartiles, SD,
and ranges, and the duration of diseases (DD) in months. We studied biomarker status and expressed
comorbidities as a percentage. To analyze unpaired or paired variables, we used a two-tailed Student
t-test. We performed a one-way analysis of variance (ANOVA test) and Pearson’s bivariate correlation
test to analyze normally distributed values. We analyzed the categorical results using Pearson’s Chi-
square test (X2) with Yates” correction and Fisher’s exact test (FET). We used non-parametric tests for
variables with non-normal distribution. We calculated odds ratios (OR) to estimate the magnitude of
the association between exposure and disease. Only correlations and associations with an 7/R? value
>0.500, p < 0.01** were included in the final analysis. The effects of various factors on Ca and P levels
were analyzed using a linear/multilinear regression model (direct method). We used IBM SPSS
software version 29.0 (IBM Corp., Armonk, NY, USA) for data management and statistical analysis.
We set the significance level at p < 0.05* and <0.01**.

3. Results

The results of these patients have been previously published [14-17]. Table 1 reports the clinical
and biochemical characteristics of 39 participants (61.5%, 24 women) by BMI groups. The mean age
was 10.4 £ 3.9 years (2 to 19 years), 43.6% of subjects (17 cases) were children, and 56.4% (22 cases)
were teenagers. The mean A50°H was 0.6 + 3.9 months lower than CA, but there was no significant
difference between either. There was a significant correlation between CA and A50°H (r = 0.659, p <
0.001), and both had a noteworthy correlation with HA (r= 0.804, p < 0.001, and r = 0.926, p < 0.001,
respectively). Among the four patients with short stature, three teenagers had A50°H <10 years (HA
<-2SD). Only one child had A50°H >10 years (HA >+25SD) among children <10 years of CA. The mean
DD was 73 + 45 months (6 to 182 months) with no significant differences between groups. 30.8% (12
cases) of participants had multiple health conditions. Based on BMI, 51.3% (20 cases), 33.3% (13 cases)
and 15.4% (6 cases) of patients were obese, malnourished and eutrophic, respectively. BMI had a
meaningful correlation (p < 0.001) with BFP (r = 0.894), FMI (r = 0.980) and FEMI (r = 0.960), and
females had a higher BFP than males. The BHA had a positive and significant correlation and
association with BMI (r = 0.913 and R? = 0.683, p < 0.001). The mean TTSPA was 3.8 + 2.2 hours/week.
There was no significant difference between groups. 61.5% were active/very active PA, 20.5% had
light PA, and 17.9% were sedentary/very sedentary. TTSPA and BCS significantly correlated (r=0.423,
p =0.014). The mean BCS’s AV (1934 + 76) and Z-score (-0.5 + 1.0) were regular in the whole series and
by gender, age and BMI groups. BCS was positive associated with age (R2 = 0.496, p < 0.001). Only
three cases had low BCS <-2DS.

Table 1. Baseline features of children with chronic diseases by body mass index groups (1 = 39).

Total Obesity Undernutrition Eutrophic

Characteristics (n=39) (n=20) (n=13) (n=6) p-Value

Mean = SD Mean = SD Mean = SD Mean = SD
Dietary
Calcium (%DRI) 94 + 28 93 +28 93 +27 100 + 36 0.865
Vitamin D (%DRI) 75 + 145 93 + 194 61 +59 47 +74 0.734
Serum
Vitamin D (ng/mL) 23.6+15.9 182 +8.2 28.0+21.6 323+17.2 0.075
Calcium (mg/dL) 9.8+0.3 99+04 9.8+0.2 99+04 0.779
Creatinine (mg/dL) 0.53+0.21 0.51+0.16 0.47 £0.14 0.72+£0.39 0.059
Phosphorus (mg/dL) 47+0.6 47+0.6 47+0.5 48+04 0.894
Calcium/phosphorus ratio 2.12+0.27 2.12+£0.28 2.13+0.29 2.07+£0.16 0.919
Calcium - phosphorus product 46.8 £6.5 47.1+7.6 459+53 48.1+5.2 0.818
Alkaline phosphatase (U/L) 353 +235 329 +252 435+ 243 254 + 91 0.244
Urine
Urine calcium (mg/kg/d) 25+23 1.7+1.1 35+3.0 29+32 0.078
24-urine calcium (mg/L) 101.2+86.5 108.7 + 82.6 79.1+51.1 123.6 £ 150.5 0.509

Creatinine (mg/kg/d) 18.6+7.3 15.6+5.4 23.5+8.1 18.2+6.2 0.007*
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24-urine creatinine (mg/d) 819.8 +504.5 999.5 +545.9 624.4 +383.9 644.5 +427.3 0.070
Calcium/creatinine rate 0.15+0.16 0.14 +0.09 0.18+0.25 0.14+0.11 0.723
Urine calcium excretion 0.08 +0.07 0.06 +0.06 0.08 +0.09 0.09 +0.07 0.597
Urine phosphorus (mg/kg/d) 176 +7.4 13.8+4.9 21.6 +7.6 21.7+78 0.002*
24-urine phosphorus (mg/d) 690.8+320.2  794.1+305.5 530.8 +297.6 693.3+320.7  0.066
Fractional excretion of phosphorus 114+7.3 10.5+7.0 9.6 +2.7 18.1+11.6 0.043*
Calcium/phosphorus ratio 0.14 +0.11 0.13 +0.07 0.17+0.16 0.14+0.14 0.571
Calcium x phosphorus product 50.2 £57.5 26.1 +21.8 789 +64.5 68.5+92.0 0.021*
Tubular Reabsorption of Phosphate 88.6+7.3 895+7.0 904 +£2.7 819+11.6 0.043*
TmP/GFR (mg/dL) 4.6+0.9 48=+1.1 4.6+0.8 4.0x0.7 0.261

Legend: TmP/GFR: Tubular maximum phosphate reabsorption per glomerular filtration rate.

The diet for the entire series was normocaloric (94% DRI), hyperproteic (283% DRI), with regular
cholesterol intake (100% DRI), carbs consumption (81% DRI) and total lipids (112% DRI). The diet
was deficient in Vit-D (76.9%, 30 cases), Zn (71.8%, 28 cases) and iodine (69.2%, 27 cases). The mean
iodine intake was significantly lower in undernutrition patients than in eutrophic and obese ones.
12.8% (5 cases) had high Vit-D consumption. The mean dietary Ca intake (94% DRI) was regular and
there were no significant differences by groups. 46.2% (18 cases) and 17.9% (7 cases) of patients had
deficient and high dietary Ca intake, respectively. 38.5% of patients (15 cases) had simultaneously
deficient Ca and Vit-D eating. The mean of serum Ca, Cr, P, the Ca/P ratio and Ca-PP were regular,
and there was no significant difference between groups. No patients had hypocalcemia, but two
subjects had hypercalcemia >10.5 mg/dL. The mean serum Vit-D levels in the entire series were in
insufficient range. 17.9% of subjects had Vit-D levels 230 mg/dL. 82% of patients (32 cases) had a Vit-
D level <30 mg/dL: 48.7% (19 cases) had VDD, and 33.3% (13 cases) had insufficient Vit-D levels. No
patients had hyperphosphatemia, but 35.9% (14 cases) of participants had hypophosphatemia. 7.7%
(3 cases) of patients had simultaneous hypophosphatemia and VDD. Two patients had higher serum
Ca/P ratio. 7.7% (3 cases) of subjects had higher Ca-PP (from 55.1 to 62.6 mg2/dL?). The mean ALP
level was high in the whole series and all groups, with no significant differences. 56.4% of participants
had higher ALP levels.

The mean urine Ca, Cr and P (mg/kg/d and 24-h), Ca/Cr rate, UCaE, FEP, TRP and TmP/GFR
were regular. 41% (16 cases) of the patients presented hypercalciuria. 28.2% (11 cases) and 20.5% (8
cases) of participants had high and low urine Cr excretion (mg/kg/d), respectively. No patients had
Cr loss >2000 mg/d. 23.1% of participants (9 cases) had a high Ca/Cr rate. 12.8% of patients had
abnormal UCaE (5 cases). 20.5% (8 cases) of subjects had a urine Ca loss >4 mg/kg/day. 15.4% (6 cases)
had a urine Ca loss >200 mg/L. Only three cases had simultaneously high urine Ca >4 mg/kg/d and
>200 mg/L. The mean urine P (mg/kg/d and 24-hour) was high. 51.3% of subjects (20 cases) exhibited
hyperphosphaturia (mg/kg/d), 20.5% of patients (eight cases) had 24-urine P >900 mg/d, and 7.7% (3
cases) patients had FEP >20%. 23.1% (9 cases) of patients had coincident VDD and
hyperphosphaturia. The mean urine Ca/P ratio was 0.14 + 0.11, and the Ca-PP was 50.2 + 57.5. Only
15.4% (6 cases) of subjects had TRP <85% and 12.8% of participants (5 cases) had a high TmP/GFR.
No one patient had TmP/GFR < 2.8 mg/dL. 17.9% (7 cases) of patients had simultaneously
hypercalciuria (>4 mg/kg/d) and hyperphosphaturia (>17 mg/kg/d, X? = 0.022).

Table 2 shows the differences among subjects with chronic conditions in the entire series and
Table 3 displays the OR in the whole series.

Table 2. Differences between participants with chronic diseases (1 = 39).

Gender Female (n =15) Male (n = 24) p-value
Body Fat Percentage 289+12.2 20.4+11.2 0.036
Bone Conduction Speed (Absolute value) 1961 £ 79 1894 + 50 0.006
Serum phosphorus (mg/dL) 4.6+0.6 49+0.5 0.029
Serum calcium/phosphorus ratio 22+03 20+0.2 0.049
Serum calcium-phosphorus product 45.0+6.5 495+5.6 0.035
Alkaline phosphatase (mg/dL) 286 + 167 461 +291 0.022

Urine phosphorus (mg/kg/d) 152+5.6 21.5+84 0.008
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Age group Children (n =17) Adolescents (n =22)
Calcium intake (%DRI) 115+ 26 78 +19 <0.001
Serum phosphorus (mg/dL) 5.0+0.4 45+0.6 0.003
Serum calcium/phosphorus ratio 1.9+0.2 22+03 0.003
Serum calcium-phosphorus product 49.7+4.7 445+6.8 0.011
24-hour urine calcium 50.2+38.5 140.5+93.2 <0.001
Urine creatinine (mg/kg/d) 155+59 21.0+75 0.018
24-hour urine creatinine 388.2+177.9 1153.4 +411.1 <0.001
24-hour urine phosphorus 487.9 £187.3 847.6 +315.9 <0.001
Calcium intake (%DRI) Deficient (n =18) Normal (n =21)
Bone conduction speed AV 1966 + 68 1906 =72 0.013
Kilocalories (%DRI) 85+19 104 + 26 0.013
Serum phosphorus (mg/dL) 45+0.5 49+05 0.016
Serum calcium/phosphorus ratio 22+0.3 2.0+0.2 0.016
Serum Ca-P product (mg?/dL?) 443+5.8 489+6.4 0.029
Urine creatinine (mg/kg/d) 21.1+7.0 16.5+7.3 0.049
24-hour urine creatinine 1091.9 +509.3 586.6 +373.2 0.001
Serum phosphorus Deficiency (n = 14) Normal (n = 25)
Bone conduction speed AV 1974 + 61 1909 +73 0.011
Serum calcium/phosphorus ratio 24+0.2 1.9+0.1 <0.001
Serum calcium-phosphorus product 40.4+41 50.6 +4.4 <0.001
24-hour urine creatinine 1078.6 + 558.9 674.9 +415.7 0.014
TmP/GFR 3.9+0.6 50+0.9 <0.001
Legend: TmP/GFR: Tubular maximum phosphate reabsorption per glomerular filtration rate.
Table 3. Odds Ratio in the whole series (1 = 39).
Fisher’s Odds 95% Confidence Mantel-
Exact Test  Ratio Interval Cochran’s Haenszel
Lower Upper

Deficient calcium intake

Deficit kilocalories intake 0.016 7.600 1.350 42.799 0.013 0.036

Adolescents <0.001 20.000 3.4807 114.9202 <0.001 <0.001

High calcium/creatinine rate

High urine calcium (mg/kg/d) 0.001 28.000 3.810 205.791 <0.001 <0.001

High urine calcium (24-hour) 0.018 11.200 1.600 78.400 0.006 0.028

Hypercalciuria (mg/kg/d)

High urine calcium excretion 0.006 26.000 2.287 295.637 0.001 0.008

Hyperphosphaturia (mg/kg/d)

Hypercalciuria (mg/kg/d) 0.026 9.692 1.060 88.653 0.022 0.060

Low serum phosphorus

Adolescents 0.029 1.786 1.062 3004 0.037 0.084

Normal urine phosphorus (24-hour)

Very active/active 0.035 1.429 0.986 2.069 0.023 0.074

Figure 2 shows the meaningful relationship between 24-hour urine Ca (p = 0.001), P and Cr (p <
0.001) excretion by age in this series. There was no significant association between urine and serum
Ca/P ratio. Serum and urine Ca-PP had a direct and meaningful association when they were adjusted
to the age (R?=0.106, p =0.043). Table 4 shows the features of hypercalciuria and hyperphosphaturia
patients.
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Figure 2. Calcium (mg/L) and Phosphorus (mg/d) levels in urine 24-hours by age (years) (1 = 39).
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Table 4. Clinical and dietary evaluation of calcium and vitamin D intake, and levels of calcium, phosphorus, creatinine, calcium/phosphorus ratio and calcium-phosphorus products in blood and _i
urine in patients with hypercalciuria and hyperphosphaturia (1 = 39). é
A Dietary Serum Urinary =
8¢ Sex BMI Ca/P Calcium Creatinine Ca/Cr Phosphorus TmP/ Ca/P )
{years) Ca VitD| Ca - P VitD o CFPP O AP okgid 24hU mg/kg/d 28U rate  UF [ mgkgd  24hU ¥ GFR  ratio 00T <
2 F 124|107 5# |10.6* 52 13# 204 55.12* 04 256 1.40 28 6.664# 131 0.21*  0.08 14.47 285 16.71 433 010 20.26 =
4 M -2.00#/103 154 | 9.7 52 8 1.87 5044 04 437*| 11.04* 136 11.71# 144 0.94*  0.38* 17.85% 220 469 1173 062 197 9|
5 M -1.68 130 14# | 99 54 33 183 5346 04 382* 4.57* 66 32.91% 477  0.14 0.06 17.86* 259 4.02 6.70* 026 81.62 A
7 M -1.72151 206 | 96 54 59 178 51.84 04 636* 5.90* 123 20.17 421 0.29* 012 32.39% 677 119 484 018 1911 L
11 F -2.31#|724 25 | 99 45 154 220 4455 04 156 4.33* 105 19.41 472 0.22*  0.09 19.71% 479 9.0 451 022 8534 o
12 F -1.79|53# 78%# | 99 4.2# 21 236 4158 05 467* 5.12* 157 35.26* 1082 0.15 0.07 22.08* 678 745 449 023 113.0 3
12 M 195|112 32# |10.8* 58 20 1.86 62.40% 02 223* 3.90 189 15.80 768  0.24*  0.05 20.08* 976* 438 7.08* 019 7831 m
12 M 3.53* |76# 33# | 9.7 45 104 216 43.65 0.6 349* 2.57 232* 21.04 1896  0.12 0.07 14.98 1350* 949 443 017 38.50 r%—.
13 F 152|674 20# | 98 47 58 209 46.06 0.7 167 5.20* 289*  21.29* 1184 0.24*  0.17* 15.38 855 10.76 440 034 79.98 E
13 F -0.08|734 13# | 99 52 15¢# 190 5148 0.6 216 8.36* 342* 2837 1160 0.29*  0.18* 29.80% 1219* 121 462 028 249.1 o
13 F 3.65* |115 705 | 9.6 46 25 209 4416 06 312* 2.50 212* 6.36# 539  0.39*  0.24* 17.65* 1497 36.20* 293 0.14 4413 2
15 F 3.39* 55¢ 103 10.1 45 12¢# 224 4545 0.8 254* 4.08* 294* 19.15 1381 0.21*  0.17* 17.30* 1247  16.06 378 024 70.58 g
16 F 3.44* o64# 18% 10.0 3.64 23 2.78* 36.00 0.7 87 3.01 230* 15.67 1196  0.19 0.13 11.38 868 1412 3.09 026 34.25 ”
3 M -146 |113 46# | 10.0 4.3%# 16# 233 43.00 03 537* 2.89 324 2.89# 21 0.14 0.04 35.71* 400 12.08 3.82 0.08 1032 =
3 M -008|74% 3# |102 52 47 196 5304 04 176 0.78 11.0 19.52 275  0.04 0.02 33.48* 472 13.19 443 0.02 26.11 >
5 M 414* 95 595 95 55 19% 173 5225 04 190 0.90 32.6 16.09 582  0.06 0.02 19.23% 696 8.69 5.59* 0.05 17.31 g
5 M 227*|105 35# | 9.8 54 11# 181 5292 02 203 2.62 61.0 19.08 461 013 0.03 22.66* 528 424 6.63 012 5937 g
5 F 175|127 19%# |10.0 51 12# 196 51.00 04 204 0.81 26.2 14.02 453  0.06 0.02 22.23* 718 12.44 447 004 18.01 §
6 F -3.31#|75* 11# | 95 49 28 194 4655 03 530* 0.27 3.8 13.83 194 0.02 0.01 19.21* 269 850 502 001 519 B
9 M -033|145 195 | 104 49 33 212 5096 09 308 1.96 56.45  12.98% 374 015 0.14 16.25 468 22.99* 377 012 3185
12 F -3.31#|72# 23# | 9.8 3.4# 8# 2.88* 3332 0.7 442* 0.60 144  35.44% 851  0.02 0.01 20.29* 487 11.79 306 003 1217
13 M 160 80 94 103 41# 43 251 4223 0.6 1056*  0.89 63.64 2244 1604  0.04 0.02 14.18 1014* 925 407 006 1262
14 F -1.82#/ 92 59# | 99 4.4# 29 225 4356 0.7 201 1.40 69.0  25.03* 1234 0.06 0.04 17.32* 854 11.01 408 0.08 2425
11 F -2.28#|704 150 | 102 48 22 213 4896 0.6 656* 3.93 116 24.13* 712 0.16 0.09 18.30* 540 948 473 021 7092
15 M -2.00#/107 32# |10.0 51 24 196 5100 0.5 956* 3.10 116 26.02* 972 0.12 0.06 34.63* 1295*  13.05 437 009 1073
10 M -062]97 12# | 93 45 174 207 4185 14 408* 0.74 30.7  14.71# 610  0.05 0.07 18.72* 777 39.59* 272  0.04 13.85
19 F 3.21* 119 17¢ 94 3.7# 104 254 3478 0.7 165* 1.58 175 14.36 1594  0.11 0.08 8.52 945* 1122 340 019 1346

Legend: *: high values. #: low values. BMI: body mass index. F: female. M: male. Ca: calcium. Vit-: vitamin. P: phosphorus. Ca-PP: calcium-phosphorus product. Cr: creatinine, ALP: alkaline
phosphatase. UCaE: urinary calcium excretion. FEP: fractional excretion of P. TmP/GFR: Tubular maximum phosphate reabsorption per glomerular filtration rate.
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Table 5 summarizes the regression analysis with R?> 0.500. We display significant (r > 0.500, p < 0.01) correlations (Tables S1-S3) between dietary Ca, serum and urinary
levels of Ca, P, Ca/P ratio, and Ca-PP with the nutritional and health biomarkers studied.

Table 5. Linear and multilinear regression analysis between studied parameters with nutritional biomarkers in the whole series (1 = 39).

Serum Ca/P Serum Urine Ca Urine Ca Urine Ca Urine P Urine P Urine P Urine Urine
Serum P ratio Ca-PP mg/kg/d 24-hours Ca/Crrate excretion | mg/kg/d 24-hour excretion | Ca/P ratio Ca-PP TRP TmP/GFR
Linear regression analysis
IgG3 WA
R2=0.867 R2=0.425
p =<0.001 p =<0.001
TmP/GFR | TmP/GFR Urine Ca | oy page | HHIE TRP Urine Ca - - Urine P
R = 0474 R2=0510 excretion R2=0.847 perimeter R2=0.924 (mg/kg/d) | excretion
R2=0.847 R2=0.466 R2=0.867 | R2=0.924
p =<0.001 p =<0.001 p = <0.001 p =<0.001 p = <0.001 p =<0.001 p=<0.001 | p=<0.001
C:flf‘;:t‘io Serum P Sem;; Ca- ga“g; b ir_lfl‘sur Urine Ca FM (kg) A | GFR GFR
R2=10.900 R2=0.700 R2=0.545 | R?=0.454 R2=0.431
R2=0.900 R2=0.723 R2=0.867 R2=0.459
p = <0.001 p =<0.001 p = <0.001 p = <0.001 p = <0.001 p =<0.001 p=<0.001 | p=<0.001 p =<0.001
Serum Ca- Serum Ca- Serum P Urine. Urine. Urine .Ca FM index E*Creted Serum P
PP PP R?2=0.938 Ca/P ratio | Ca/Pratio | excretion R2= 0432 nitrogen R2=0.537
R2=0.938 R2=0.723 R2=0.657 R2=0.714 | R2=0.847 R2=10.969
p =<0.001 p =<0.001 p =<0.001
p =<0.001 p =<0.001 p =<0.001 p=<0.001 | p=<0.001 p =<0.001
Multilinear | regression analysis Ca intake
Serum P, Urine Ca, U. Ca/P Urine Ca*, | Ca/Cr rate Triceps FFM (kg) Urine Ca | Urine Ca¥, .
%ng:/chﬁ Serum Sssftlfnr? (I;; Urine Ca/P | ratio, U.P | Urine Ca Urine Ca skinfold A and BUN, Cr 24-hour, Urine BUN, Cr Magr'l(;/z_E
R2=0.670 Ca-PP R2=0.999 ratio 24-hour excretion 24-hour and Zs FFMBIA | R?2=0.754 | Ca/Crrate | Ca/Pratio | R2=0.718 R2=0.538
R2=0.977 R2=0.988 R?=0918 | R?=0.878 | R?=0.902 | R?=0.544 | R?=0420 | p=<0.001 | R?=0.776 | R?=0.976 | p=<0.001
p=<0001 | gpo1 | P70 |- 0001 | p=<0001 | p=<0001 | p=<0.001 | p=<0.001 | p=0003 p=<0.001 | p=<0.001 p=<0.001
Serum Ca/P Urine Urine Cr, HDL-C,
ratio S. Ca- Ca-PP, urine Ca Serum
PP Urine Ca 24-hour Vit-C
R?=0.995 R2=0.650 | R?2=0.637 R2=0.456
p =<0.001 p=<0.001 | p=<0.001 p =<0.001

Legend: Ca: calcium. P: phosphorus. Cr: creatinine. TRP: Tubular Reabsorption of Phosphate. TmP/GFR: Tubular maximum P reabsorption per glomerular filtration rate. Ig: immunoglobulin. WA:
weight-for-age. FM: fat mas. FFM: fat free mass. A: anthropometry. BIA: bioelectric impedance analysis. GFR: glomerular filtration rate. Ca-PP: Ca-P product. *: mg/kg/d. Z-s: Z-score. %DRI: %
Dietary Reference Intake. S: serum. BUN: blood urea nitrogen. Mg: magnesium. Vit: vitamin. HDL-C: high-density lipoprotein cholesterol.
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4. Discussion

Interestingly, little is known about the serum and urinary Ca and P relationship in pediatric
populations. This study assessed serum and urine Ca and P levels, their Ca/P ratios and their
association with health and nutritional indicators in a series of children and adolescents with chronic
diseases. The results pointed out that the mean dietary Ca intake was regular. 46.2% and 17.9% of
individuals had high and deficient Ca intake, respectively. The mean serum Ca, P, Cr, Ca/Cr, the Ca/P
ratio and Ca-PP were regular. No patients had hypocalcemia or hyperphosphatemia. Two patients
had hypercalcemia, and 35.9% had hypophosphatemia. Two individuals had a higher serum Ca/P
ratio. 7.7% of subjects had a higher Ca-PP. 38.5% (15 cases) of patients had simultaneously deficient
Ca and Vit-D eating. 7.7% (3 cases) of patients had simultaneous hypophosphatemia and VDD.
Although 20.5% of patients had urine Ca loss >4 mg/kg/d, 15.4% had urine Ca loss >200 mg/d. 23%
had a high Ca/Cr rate. 51.3% of subjects had hyperphosphaturia (mg/kg/d), 15.4% had 24-urine P
>900 mg/d, and 7.7% (three cases) had FEP >20%. 23.1% (9 cases) of patients had coincident VDD and
hyperphosphaturia. Only 10.3% of individuals had TRP <85% and 17.9% had high TmP/GFR. No one
patient had TmP/GFR < 2.8 mg/dL. The mean urine Ca/P ratio was 0.14, and the Ca-PP was 50.2.

4.1. Clinical Status

First, we characterized this series of pediatric patients with chronic conditions. The average age
was 10.4 + 3.9 (2 to 19 years), and the mean A50°H was 9.9 + 5.1 years. A50°H was 0.6 + 3.9 months
lower than CA, without significant difference. There was a meaningful correlation between CA and
A50°H (r =0.659, p < 0.001), and both had a noteworthy correlation with HA (r=0.804, p < 0.001, and
r=0.926, p < 0.001, respectively). Only 5.1% (2 cases) of subjects were simultaneously short stature
and underweight. Among the four patients with short stature, three teenagers had A50°H <10 years
(HA <-25D), indicating growth retardation. Only one child had A50°H >10 years (HA > +25D) among
children <10 years of CA, showing an increased growth rate. The A50°H would be a reasonable
indicator of maturity in most children, as it is the age at which a child would have a height in the 50th
percentile and would likely be close to the age at which most healthy children would have a similar
level of sexual and physical development [57]. Besides, the population-average A50°H provides an
empirical measure of the average stage of skeletal growth compared to the reference population [58].
In our series, 30.8% (12 cases) of patients had polymorbidity. According to the World Health
Organization (WHO), the double burden of malnutrition refers to the coexistence of undernutrition
(stunting) with overweight, obesity, or diet-related NCDs in individuals, households, and
populations, occurring throughout life, posing a real and growing challenge to global health, with
long-term, as in our series.

Additionally, in this series, BMI had a meaningful correlation (p < 0.001) with BFP (r = 0.894),
FMI (r = 0.980) and FEMI (r = 0.960), and females had a higher BFP than males. These results are
consistent with the fact that for the same BMI, women tend to have a BFP approximately 10% higher
than men. These sex-specific differences in body composition depend on sex-based differences in
patterns of energy substrate utilization. The unique actions of sex hormones and adipokines in each
sex and their nutritional status and physical fitness influence these patterns [59]. It is crucial to
consider that chronic diseases such as chronic kidney disease (CKD), Turner syndrome, and Marfan
syndrome, among other chronic conditions, can affect linear growth and maturation, influencing the
relationship between age, BP, and sexual maturation, leading to an underestimation (in short
children) or an overestimation (in tall children) of BMI compared to their peers of the same CA [60].
Therefore, we assessed the BHA that had a positive and significant association with BMI (r = 0.913
and R? = 0.683, p < 0.001). While only one child with a higher BMI was eutrophic by BHA, eight
patients (five children and three adolescents) with lower BMI were considered eutrophic by BHA.
Since in children with CKD from 5 years to adolescence, BHA reflects physical development in the
same way as BMI in healthy children, BHA is the preferred method in children with CKD [61]. In
84.6% of our patients, the BMI and BHA gave the same nutritional status. Thus, this indicator could
evaluate body composition in other pediatric chronic diseases.

Concerning PA, the mean TTSPA was 3.8 + 2.2 hours/week. There was no significant difference
between groups. Prior studies have noted the importance of PA in the health status of humans,
especially in the growth and development of children and adolescents [62]. Children with chronic
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conditions have specific pathophysiologies that uniquely contribute to exercise tolerance. Regular
exercise appears to be beneficial for children with CF, asthma, congenital heart disease, obesity, type
2 diabetes, juvenile idiopathic arthritis, and cancer [62,63]. Despite their health conditions, in our
series, 61.5% of subjects were between active and very active, 20.5% had light PA, and 17.9% were
very sedentary and sedentary. TTSPA and BCS significantly correlated (r = 0.423, p = 0.014),
suggesting the importance of PA in the bone development in the pediatric population with chronic
conditions. The WHO has suggested that PA confers benefits for bone health in the pediatric
population [64]. Both PA and exercise may influence chronic disease by preventing the development
of new chronic diseases (such as metabolic syndrome), by directly modifying the disease (disease
reversal in type 2 diabetes), and or by helping to manage symptoms associated with the chronic
disease (e.g., arthritis or cancer) [65].

Chronic health conditions in children can affect their growth potential, body composition, bone
tissue, physiological stress, physical function, activity levels, and underlying causes that could alter
energy balance. This heterogeneous set of factors has the potential to modify BEE, total energy
expenditure (TEE), and, or the energy cost of growth [66]. In our study, the mean BEE of 1095 + 409
kcal/d was lower than theoretical (1865 kcal/d, p < 0.001) and WHO's formula (1342 kcal/d, p< 0.001).
Moreover, IC had a positive correlation with 24-hour urine P (r = 0.709) and Cr (r = 0.733, p <0.001).
In contrast, although in CF patients the mean basal EE (1077 + 303 kcal) was lower than theoretical (p
= 0.001), it was acceptable based on the WHO’s recommendation (p = 0.074), and as in our series, IC
had a positive association with urine P [1]. There is little data on EE in sick children with different
degrees of malnutrition. In hospitalized malnourished predictive equations underestimated EE in
92% of participants and recommended feeding goals, during the acute phase of illness, exceeded their
EE [67]. Chronic diseases have a significant impact on energy homeostasis and growth. It is essential
to understand EE in children to prevent malnutrition (undernutrition or obesity) through
personalized dietary advice. EE is also important in those diseases where better clinical results occur
with an optimal nutritional status, such as CF [68].

It is essential to note that the pediatric population with chronic diseases is a heterogeneous
group, with substantial variation in their nutritional needs that differ from those of their healthy
population peers [66]. The diet for the entire series was normocaloric (94% DRI), hyperproteic (283%
DRI), with regular cholesterol intake (100% DRI), carbs consumption (81% DRI), and total lipids
(112% DRI). The diet was deficient in Vit-D (76.9%, 30 cases), Zn (71.8%, 28 cases), and iodine (69.2%,
27 cases). Several studies show that iodine intake in Spain is inadequate. In 2015, the ANIVA study
detected deficient iodine consumption in schoolchildren. The National Survey of Nutrition in the
Child and Adolescent Population (ENALIA study, 2017) reported that iodine-rich foods were
inadequate in children from 14 years old [69]. Moreover, although the diet was Zn deficient (71.8%,
28 cases), only three patients with hypozincemia had simultaneous deficient Zn intake. One 3-year-
old eutrophic boy with hypercupremia (160 pg/dL), high Cu/Zn ratio (2.35) and hyperphosphaturia.
There was a significant association between the Cu/Zn ratio and 24-hour urine P and Cr. In patients
with chronic diseases, a Cu/Zn ratio > 1.00 is associated with inflammatory diseases, malnutrition,
increased oxidative stress, and altered immune status [70].

Even though 12.8% (5 cases) had high Vit-D consumption, 76.9% of patients had deficient Vit-D
(76.9%, 30 cases) intake. What is more, the mean serum Vit-D levels (23.6 ng/mL) in the entire series
were in insufficient range. 17.9% of subjects had Vit-D levels 230 mg/dL, and 82% of patients (32 cases)
had a Vit-D level <30mg/dL as follows: 48.7% (19 cases had <20 ng/mL) had hypovitaminosis D, and
33.3% (13 cases between 20-30 ng/mL) had insufficient Vit-D levels. In contrast, in La Rioja, in 21490
Spanish patients (14-105 years, 74% women), the mean serum Vit-D of 18.3 ng/mL was at insufficient
levels, and 30.9% of the population had VDD (<12 ng/mL) and 32.8% (12-20 ng/mL) were in deficient
range [71]. 45%, 30.8%, and 33% of obese, underfed, and eutrophic patients had simultaneously
deficient Vit-D intake and VDD, respectively. Obese children and adolescents are at risk for Vit-D
insufficiency or deficiency [14]. The prevalence of Vit-D deficiency in obese children and adolescents
is high: 96.0% in Germany, 78.4% in the USA, and 92.0% in the Russian Federation [72]. The
accumulation of adipose tissue, the development of adipocyte hypertrophy, impaired adipocyte
function, and altered secretion profile of adipocytes lead to migration and transformation of
macrophages and the development of inflammation in adipose tissue. This inflammation increases
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the synthesis of proinflammatory cytokines, and insulin resistance develops. In addition, it plays a
crucial role in the hormonal regulation of glucose metabolism [72-74].

In childhood and adolescence, VDD is more prevalent in chronic illnesses, such as long-term
systemic diseases that compromise renal, hepatic, gastrointestinal, skin, neurological, and
musculoskeletal systems [75]. In our series, 38.5% of patients (15 cases) had simultaneous deficient
Caand Vit-D eating. Under normal conditions, Vit-D increases intestinal absorption of Ca and P while
inhibiting PTH and stimulating FGF23 synthesis. PTH, Ca levels by the Ca-sensing receptor
regulation, increase Ca levels but inhibit TPR, thus inducing hypophosphatemia. PTH stimulates
both FGF23 and Vit-D synthesis. FGF23, synthesized by osteocytes in bone, inhibits both PTH and
Vit-D while inhibiting TPR, also inducing hypophosphatemia. FGF23 increases distal tubular
reabsorption of Ca, with a mild effect on Ca levels under physiological conditions [76]. Children with
chronic diseases are deficient in Vit-D due to dietary restrictions, parental beliefs, common in
inflammatory diseases, or decreased intestinal Ca absorption during corticosteroid treatment [77],
enhance catabolism due to anticonvulsants or by enzymes induction with nifedipine, clotrimazole,
etcetera [76]. Because children with chronic health conditions have Vit-D and Ca deficiency, the target
threshold for Vit-D level should be >30 ng/mL. Also, in children, the risk of hypercalciuria and
subsequent nephrolithiasis and or nephrocalcinosis is probably increased with persistently elevated
Vit-D levels [75,76].

4.2. Calcium and Creatinine

Calcium status is the level of Ca intake that meets dietary recommendations for age, sex, and life
stage [78], and Ca deficiency may happen due to prolonged lower Ca intake. In this study, the mean
dietary Ca consumption (94% DRI) and serum Ca (9.3 mg/dL) were regular. While 46% (18 cases) of
participants had deficient Ca eating, no patients had hypocalcemia [38]. This percentage is lower than
25.8% of inadequate Ca intake reported in 1176 Spanish schoolchildren [79]. It is essential to consider
that although Ca deficiency in nutrition may not manifest clinically for a long time, it often causes
insufficient bone mass in critical periods of life (first year, 1-2 years, 5-7 years, 12-14 years) and at an
advanced age, contributing to osteoporosis [80]. In addition, some studies performed in various
regions of the world show that the healthy pediatric population is deficient in Ca and Vit-D, which is
why the incidence of rickets and osteomalacia is increasing [81]. As mentioned above, this is a risk
factor in our series, where 38.5% of patients (15 cases) had simultaneous deficiencies in Ca and Vit-D
intake. Also, in this series, 20.5% of the patients (8 instances) presented simultaneous deficiencies in
kilocalories and Ca intake, with this deficient Ca consumption being 7.6 times higher in subjects with
deficient kilocalories intake. It is crucial to know that although the increased growth rate, dietary
characteristics, and Ca-deficient diet can improve the efficiency of Ca absorption, its bioavailability
will depend on the net Ca retention in bones and organs, Ca absorption, and its urinary losses [76].

Additionally, in our series, although there were no sex differences in dietary Ca and Vit-D
consumption, Ca intake was 20 times higher in adolescents than in children. In contrast, the
prevalence of deficient Ca intake in 1176 Spanish schoolchildren was significantly higher in girls (p =
0.006) [79]. While, in this study, 17.9% (7 cases) had a high dietary Ca intake, only two obese patients
(5%, a 2-year-old girl with VDD and a 12-year-old boy with insufficient Vit-D and short stature) with
regular Ca and deficient Vit-D consumption had hypercalcemia (Ca >10.5 mg/dL) [38], high Ca-PP
(>55 mg?/dL?) [42] and hypercalciuria (Ca/Cr rate >0.2). Only the boy had hyperphosphaturia
(mg/kg/d >17 and mg/d >900). Although serum Ca concentration is not a marker of Ca deficiency,
low Ca/Cr <0.2, as happened in our series, might be associated with low Ca intake [77]. In our series,
no patients had hypercalcemic symptoms such as hypotonia, vomiting, constipation, abdominal pain,
lethargy, polyuria, dehydration, and seizures [82]. Hypercalcemia may result from increased bone
resorption, intestinal absorption, or decreased renal excretion of Ca [83]. In children, causes of
hypercalcemia can be classified as PTH-dependent or PTH-independent and may be congenital or
acquired. Acquired causes of PTH-independent hypercalcemia in children include hypervitaminosis,
granulomatous disorders, and endocrinopathies [38].

Other interesting results showed that the mean urine Ca (mg/kg/d and 24-hour), UCaE, and
Ca/Cr rates were regular, but depending on the urine biomarker used, the percentage of
hypercalciuric patients varied (Table 4). 41% (16 cases) of the patients presented high urine Ca loss.
While 23.1% (9 cases) had elevated Ca/Cr ratio, 12.8% (5 cases) had abnormal UCaE, and 20.5% (8
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cases) and 15.4% (6 cases) had Ca loss >4 mg/kg/day and >200 mg/L, respectively. Only three
normocalcemic female adolescents with deficient Ca intake, elevated Ca/Cr ratio, and UCaE had
hypercalciuria with simultaneously high urinary Ca >4 mg/kg/day and >200 mg/L. Physiological
hypercalciuria is a problem associated with many ailments and excessive sodium, Ca, or protein
content in the diet [84]. It is essential to consider in this series of pediatric chronic patients, the
diagnosis of idiopathic hypercalciuria because 75% (6/8 cases) of individuals had urine Ca loss >4
mg/kg/d, other two subjects with hypercalciuria >4mg/kg/d had hypercalcemia. Idiopathic
hypercalciuria is the increased urinary Ca excretion without other causes of hypercalcemia and other
causes of hypercalciuria [44,85]. It is one of the most common metabolic disorders and is the most
frequent cause of kidney stones, both in adults (60%) and children (40%). The prevalence varies in
healthy populations, depending on the country, between 0.6 and 12.5%. In Spain, the prevalence rate
is between 3.8 and 7.8% [44]. In 1375 schoolchildren (6-18 years) in Tokat province, the prevalence of
hypercalciuria was 4.7% [86].

Interestingly, in our series, 24-hour urine Ca loss was positively associated with age (R? =0.254,
p =0.000) (Figure 2), and this value was higher in adolescents than in children. Among subjects with
hypercalciuria (mg/kg/d), the likelihood of finding patients with abnormal UCaE was 26 times higher,
and among patients with high Ca/Cr rate, the probability of seeing patients with Ca loss >4 mg/kg/d
and >200 mg/L was 28 and 11.2 times higher, respectively. Remarkably, one undernourished 4-year-
old male with deficient Vit-D intake had severe hypercalciuria, with a Ca/Cr rate of 0.94 and urine Ca
of 11.04 mg/kg/d. Even though Ca is the most relevant element in the formation of kidney stones and
hypercalciuria is associated with frequency, dysuria, enuresis, abdominal pain, hematuria, and
urinary lithiasis [84], in our series, no patients had this symptomatology. Hypercalciuria is the main
metabolic risk factor for pediatric urolithiasis. This condition presents high morbidity, with or
without lithiasis, such as hematuria and deterioration of bone mass [87]. Even though there is a
connection between stone formation and BMI in adults, there are no definitive conclusions in the
pediatric population [88]. Besides, it is critical to consider the increasing incidence of pediatric
nephrolithiasis and its association with obesity. In 110 patients from the US Centers for Disease
Control and Prevention with stone formation, overweight and obese patients with lower levels of
urinary citrate, P, and Mg had a higher incidence of hypercalciuria compared with those with low or
normal BMI [89]. In our series, 20% (4 cases) of obese teenagers had high 24-hour urine Ca >200 mg/d
and two of them had high Ca/Cr rate and UCaE.

According to several reports, 24-hour urine Ca >250 mg/d is the reference to determine
hypercalciuria [46]. In our study, three normocalcemic patients had 24-hour urine Ca loss >250 mg/d
and had simultaneous urine Ca loss >4 mg/kg/d, high Ca/Cr ratio, UCaE, and deficient Ca intake. In
another group of CF patients, 12% had a Ca/Cr ratio > 0.2. Although only four subjects (23%) had a
urine Ca loss > 4 mg/kg/day, all these patients had a urine Ca loss >200 mg/L [1]. Another method to
diagnose hypercalciuria is the Ca/Cr ratios according to age [45,46,89]. In this study, the mean Ca/Cr
rate of 0.15 was regular, and 23.1% (9 cases) had a high Ca/Cr rate. Two subjects had hypercalcemia,
six patients had high urine Ca loss >4mg/kg/d, five had high 24-hour urine Ca, and three had high
UCaE. Nonetheless, in other children’s populations, the prevalence of hypercalciuria can vary
greatly. In 593 healthy Dubai children, the mean Ca/Cr was 0.08 + 0.07 mg/mg. The mean Ca/Cr was
significantly higher in boys than girls and decreased with age [90]. Only 3 of 529 healthy Japanese
schoolchildren (0.6%) had hypercalciuria (Ca/Cr >0.17) [91]. Of 205 children from the Aral Sea region,
a severely polluted natural area, 38.6% had extremely high Ca/Cr levels (0.75 + 0.74) [92]. In 1375
schoolchildren (6 to 18 years), the Ca/Cr rate was 0.08. Since the 95th percentile was 0.28, 4.7% had
hypercalcemia [86]. It is interesting to know that in a follow-up study of 230 adult patients, 33% had
hypercalciuria. UCaE predicted the development of kidney stones and BMD loss. A lower level of
UCaE independently predicted the development of major adverse cardiac events and CVD [93],
which can be a risk in children with hypercalciuria as our study.

Creatinine excretion in urine occurs at a constant rate throughout the day. Since Cr excretion
reflects the body's muscle mass, its measurement could assess lean body mass or body composition
[94,95]. In our series, the mean serum (0.53 mg/dL) and urine Cr (18.6 mg/kg/d and 819.8 mg/d) were
regular. Patients with deficient Ca intake had a higher urine Cr loss (mg/kg/d and 24-hour) than
regular ones. The mean urine Cr between 3 to 14 years in our patients (34 cases) was 18.3 + 7.5
mg/kg/d, and there was no significant difference with the value of 19.49 +2.87 mg/kg/d in 401 healthy
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Spaniard children (3-14 years, 46.6% males) [96]. Although women (19.2 + 7.5) had higher urine Cr
(17.0 = 6.8) than males, there was no significant difference. However, they were significantly higher
than the results in 710 healthy Chinese children, whose mean urine Cr for boys was 15.3 + 3.6 mg/kg/d
(p=0.030) and for girls was14.3 + 3.2 mg/kg/d (p =0.009) [95], and both were significant lower compare
with their peers in age group and sex. In Dubai children, urinary Cr excretion was 17.9 +3.12 mg/kg/d.
Boys had a marginally higher Cr excretion than girls [90]. Between 8 and 13 years, in our series, boys
had a higher 24-hour urine Cr than girls without significant difference. Nonetheless, they were
significantly higher than the results in Chinese children, whose mean 24-hour urine Cr for boys was
565.0 £171.5 mg/d (p = 0.006) and for girls 502.0 + 141.5 mg/day (p = 0.002) [95].

Interestingly, in our series, while 28.2% (11 cases) and 20.5% (8 cases) of subjects had high and
low urine Cr levels (mg/kg/d), respectively, 35.9% (14 cases) of participants had low 24-hour urine Cr
<500 mg/d. In addition, although there were no patients with high 24-hour urine Cr >2000 mg/d,
28.2% (11 cases) and 10.3% (4 cases) had simultaneous regular (mg/kg/d) and low urine Cr (24-hour).
Patients with hypophosphatemia had a higher BCS AV and urine Cr. Also, 24-hour urine Cr levels
had a meaningful association with age (R? = 0.509) (Figure 2), and adolescents had higher levels than
children. This is consistent with urinary Cr excretion in Chinese children, which increased
significantly with age [95]. In our series, 24-hour urine Cr had a significant association with age and
showed more significant correlations with anthropometric, body composition, dietary, and
biochemical parameters than urinary Cr in mg/kg/d. Similarly, in Chinese children, the mean 24-h Cr
excretion was significantly correlated with age, body height, and body weight. In our series,
anthropometric and body composition assessments had a significant association with urine Cr
excretion. The urinary Cr reference range varies considerably because of anthropometric factors such
as weight, height, and ethnicity. Age- and sex-specific reference values for urinary Cr are necessary
because age affects body composition in growing children. In addition, there was a close correlation
between body height and weight with corporal mass reference values [97].

It is imperative to consider that bone mass acquisition during childhood and adolescence should
occur without interference. Lifelong abnormal Ca loss could be a risk factor for changing bone
structure and determining low bone mass [85,87,98]. In children, it is preferable to speak of bone
fragility rather than osteoporosis [99]. Recent studies in pediatric populations with chronic conditions
focus on adjusting body composition and BMD for height due to short stature and delayed
maturation of bone size [100]. In our series, the mean BCS AV (1934 + 76) and Z-score (-0.5 + 1.0) were
regular in the whole series and by gender, age, A50°H, and BMI groups. BCS had a positive and
significant association with age (R? =0.496, p < 0.001), and females had higher BCS AV than males. In
6143 US adolescents aged 8 to 19 years, BMI had a significant association with BMD [101]. Three cases
had low BCS <-2DS. While BCS-AV had a significant correlation with Ca intake, serum P, the Ca/P
ratio, and Ca-PP, 24-hour urine Ca and Cr (mg/kg/d and 24-hour), BCS Z-score had a meaningful
correlation with Cr (mg/kg/d). Patients with deficient Ca intake and hypophosphatemia had higher
BCS AV than those with regular Ca intake and serum P, respectively.

Serum concentrations of Ca, P and ALP vary considerably with age, sex, and pubertal stage, even
in healthy children. In our series, the mean ALP level was high in the whole series and all groups,
with no significant differences. 56.4% of participants had higher ALP levels. Serum ALP was
significantly higher in males than females. It has been reported that use of serum P levels in
combination with ALP, increases the sensitivity of screening and contributes to specifying preterm
babies who carry a risk for osteopenia. Serum ALP value above 900 U/L (sensitivity 88% and
specificity 71%), and serum P level of <5.5 mg/dL (sensitivity 96% and specificity 50%) were
associated with low BMD [102]. Based on these results, this series of children and adolescents with
chronic health diseases were at high risk of hypercalcemia and hypercalciuria.

4.3. Phosphorus

A complex network of factors, including PTH, 1,25-dihydroxyvitamin D (1,25(OH)2D),
fibroblast growth factor 23 (FGF23), and calcitonin, regulate the P homeostasis. The phosphatonins,
secreted frizzled-related protein 4, and IGF-1 modulate P concentration by affecting the activity of
25-hydroxyvitamin D3-la-hydroxylase [103]. Childhood and adolescence require an adequate
supply of P for the proper mineralization of cartilage and osteoid tissue [104]. In this series, the mean
serum P (4.7 mg/mL), serum Ca/P ratio (2.1), and serum Ca-PP (46.8 mg?/d]?) were regular without
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significant differences by groups. No patients had hyperphosphatemia, but 35.9% (14 cases) of
participants had hypophosphatemia (<4.5 mg/dL) [37]. In contrast, 18% of CF patients had
hypophosphatemia [1]. In addition, hypophosphatemia may be due to internal redistribution, and
increased urine P losses [105]. In pediatrics, it is essential to interpret P levels according to age. Under
normal conditions, the lower regular value of serum P at birth is higher than the upper regular value
in adults [106], decreasing at puberty and with a decrease in phosphatemia at puberty [55].
Nonetheless, in our series, serum P levels had an inverse and significant association with age (R? =
0.259, p = 0.001), and children had higher serum P levels than adolescents. The likelihood of children
with higher serum P levels was 1.7 times higher than adolescents. Males had higher serum P levels
than females, and patients with regular Ca intake had higher serum P levels than patients with
deficient Ca eating.

Phosphatemia presents inter- and intra-individual variations during the day that can be
explained by dietary P intake, P exchanges between bone and the extracellular space, TRP, which
depends on phosphoremia, and phosphate intake, and finally GFR [55]. Hypophosphatemia is a
relatively common laboratory abnormality and is often an incidental finding. Even though
hypophosphatemia has been associated with organ dysfunction and mortality it remains poorly
characterized in terms of real prevalence and timing of onset. Severe hypophosphatemia can lead to
significant clinical consequences and a possible increased mortality risk [107]. The most common
causes of hypophosphatemia are inadequate absorption of P, increased excretion, and extracellular
movement into the intracellular space [108]. In our series, patients with regular Ca intake had higher
serum P levels than patients with deficient Ca eating. Almost all types of diet contain a sufficient
surplus of P to meet needs. Secondary hypophosphatemia occurs due to inadequate P intake in the
context of P-poor dietary sources over a prolonged period, intestinal malabsorption, and intestinal
binding by exogenous agents [107]. Although most patients have mild to moderate
hypophosphatemia and recover without complications, the presence of severe hypophosphatemia is
associated with a significantly higher mortality rate in critically ill patients with sepsis or septic shock
[109].

Phosphorus is an essential element associated with dietary intake. Nevertheless, Western diets
contain high levels of inorganic P, which can overwhelm established regulatory mechanisms to
maintain its homeostasis. Furthermore, individuals with impaired renal function may experience
exacerbated symptoms of P overload due to decreased filtration and elimination. Phosphorus
overload can produce inflammatory signaling and many diseases can arise from P overload and its
subsequent inflammatory signaling, including CVD, tumorigenesis, depression, and neuronal
disorders. In acute patients, both malnutrition and sepsis are considered risk factors for
hypophosphatemia [6,110]. Even though in adulthood, the classification <0.65 mmol/L as “moderate”
and <0.32 mmol/L as “severe” comes from non-ICU populations; there is no universal definition of
cut-off points for the severity of hypophosphatemia, even in children [111]. In critically ill children
admitted to the pediatric intensive care unit (PICU), the prevalence of hypophosphatemia was 71.6%
and was associated with prolonged PICU length of stay > 6 days. One of its causes was the increased
urinary loss of P and the inability to provide P during this phase of its urinary [110]. In adult patients
in ICU, hypophosphatemia may occur in approximately 35% of admissions, especially in patients
requiring renal replacement therapy, diabetic ketoacidosis, respiratory alkalosis, or patients admitted
with malnutrition. Severe hypophosphatemia is associated with organ dysfunction, rhabdomyolysis,
muscle weakness, and increased mortality [111].

Even though the mean urinary P (17.6 mg/kg/d) was high [52], the mean 24-hour urine P of 690.8
mg/d was regular [51]. Urine P had a meaningful positive association with age (R2=0.347, p <0.001)
(Figure 2). 51.3% of subjects (20 cases) exhibited hypephosphaturia >17 mg/kg/d, 20.5% of patients (8
instances) had 24-urine P loss >900 mg/d, and 7.7% (3 cases) of individuals had FEP >20%. The FEP is
the relationship between P and Cr clearance, and values <20% are considered regular. In individuals
with normal renal function, FEP could assess nephron stress [53]. In our study, 12.8% (4 cases) of
patients had simultaneous high urine P in mg/kg/d and 24-hour. Only one patient had simultaneous
high urine P levels (mg/kg/d and 24-hour) and FEP. In CF patients, urine P excretion was normal for
values under 25 mg/kg/day [1,112]. In contrast, in our study, the values were under 17 mg/kg/d [52].
In 3913 healthy children and adolescents (2 to 18 years), boys had significantly higher daily urinary
P excretion than girls. Gender differences in urinary P were negatively higher when adjusted for Cr
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since boys had meaningful higher Cr excretion. Urinary P measurement is crucial in childhood since
its excretion is associated with the prevalence of metabolic risk factors such as lithiasis and presents
a significant risk of recurrence in this population [113].

Additionally, in our series, among subjects with hyperphosphaturia, the likelihood of finding
hypercalciuria was 9.7 times greater, and the probability of finding hyperphosphaturia in patients
with hypercalciuria was 2.1 times greater than among patients with normal urinary P level. Also,
17.9% (7 cases) of patients simultaneously had hypercalciuria (>4 mg/kg/d) and hyperphosphaturia
(>17 mg/kg/d, X? = 0.022). The likelihood of finding normal urine P (mg/d) was 1.4 times higher in
active patients than sedentary ones. The most crucial P excretion occurs primarily in the renal system,
where of the filtered P, the proximal renal tubule typically reabsorbs about 70% to 80%, and the distal
tubule reabsorbs about 15%. Low serum P levels stimulated P reabsorption [8,107].
Hypophosphatemia produced by increased urinary P excretion is generally due to either excess PTH
or an inherited disorder of renal P handling in the proximal tubule. Increased renal reabsorption of
P can compensate for all but the most severe dietary deficiency. As most dietary P comes from protein,
children in parts of the world where protein malnutrition is common are particularly susceptible to
this [8,107]. In our series, 7.7% (3 instances) of patients had simultaneous hypophosphatemia and
VDD and 23.1% (9 cases) had coincident VDD and hyperphosphaturia. Deficiency of vitamin D leads
to decreased intestinal absorption of phosphorus. In addition, vitamin D deficiency leads to
hypocalcemia, HPT, and a consequent PTH-mediated increase in renal phosphorus excretion [114].

The mean urine TRP (88.6%) [115] and TmP/GFR (3.9) [56] were normal. The normal range of
TRP is 85-95% and a value above 95% is a significant marker showing insufficient P supplement [116].
Only 15.4% (6 cases) of subjects had TRP <85% and 12.8% of participants (5 cases) had a high
TmP/GFR. No one patient had TmP/GFR < 2.8 mg/dL. That is, no patients had the renal tubular P loss
[55]. In critically ill children, renal P loss was evaluated by TmP/GFR <2.8 mg/dL. Renal P threshold
was meaningful lower on all the days in the hypophosphatemic group compared to that of non-
hypophosphatemic one [110]. The TmP/GFR ratio depends on the TRP, the proportion of P in primary
urine that is tubularly reabsorbed. Up to a TRP of 86%, there is a linear relationship between TRP and
the TmP/GFR ratio and can be calculated as the product of TRP and serum P. With a TRP above 86%
(low P excretion), there is no longer a linear relationship. TmP/GFR is decreased in
hyperphosphatemia due to increased P flux from the gut and increased in hypophosphatemia due to
decreased P flux [55]. The normal range for both TmP/GFR and serum P is generally numerically
similar at each age. Both are highest in childhood and decline with age. This higher range is necessary
for the proper mineralization of the growing skeleton [117]. To assess tubular reabsorption, we used
the GFR. Since 85-95% of P is reabsorbed in the proximal tubule, a TRP rate below 85% indicates
tubular P leakage [54]. When TmP/GFR, which is also age-dependent [55], decreases in the presence
of hypophosphatemia, it informs a renal P leak [118].

4.5. Calcium and Phosphorus relationships

Calcium is directly interconnected with P in their homeostasis since serum Ca interacts with
serum P by modulating various hormones, so their serum concentration is inversely related [1,7].
Optimal homeostasis between Ca and P is crucial for bone matrix formation. Microcrystalline apatite
in bone contains 99% Ca and 85% P. Calcium and P homeostasis depend on intestinal absorption,
bone accretion and resorption, urinary excretion, Vit-D status, and dietary intake [119]. This means
that as P levels in the blood rise, Ca levels in the blood fall because P binds to Ca reducing the available
free Ca in the blood [12]. On the other hand, Ca has a similar relationship to Vit-D, which means that
when Vit-D rises, Ca also rises. It should be noted that the levels are those of free Ca in the blood and
not the Ca stored in the bones. Calcium is regulated by the parathyroid, which releases PTH, as well
as the kidneys. When Ca levels are low, PTH is released to break down bones and allow the Ca stored
in the bones to be available in the bloodstream. PTH also activates Vit-D, which encourages additional
Ca to be absorbed from the digestive tract and encourages the kidneys to retain more Ca while
excreting P [12,1120].

Even though the authors suggest that adequate Ca and P intake should be in the appropriate
ratio of 1:2 to reduce the risk of Ca malabsorption, little is known about the serum and urine Ca/P
ratio [119,121]. Results of this study showed that the mean serum Ca/P ratio (2.1) [39] and serum Ca-
PP (46.8 mg?/dI?) were regular [41,42]. In adults, in PHPT, the Ca/P ratios can be used in its diagnosis,
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especially in those patients with normocalcemic HPT, being their higher value compared to the serum
Ca/corrected Ca. When the Ca/P ratio is >3.5 mg/dl (3.35 mg/dL), it acts as an accurate, oversensitive
(90.5%), and specific (93.2%) indicator for the diagnosis of HPT [7,122]. On the other hand, a serum
Ca/P ratio <2.32 mg/dl can be used to diagnose hypoparathyroidism [40,123]. Considering these
ratios, in our study, no patients had a serum Ca/P ratio over 3.5, but 79.5% (31 cases) had a serum
Ca/P <2.32. These lower values are pathological and suggest a possible diagnosis of HypoPT. In the
adult population, serum Ca/P ratios range from 2.3 to 3.3 in patients with normal parathyroid
function. The altered Ca/P ratios indicate abnormalities of Ca—P metabolism, including disorders of
parathyroid function [40].

In our series, while serum Ca/P ratios were meaningfully higher in females (2.2 + 0.3) than males
(2.0 £ 0.2), and adolescents had higher serum Ca/P ratios (2.2 + 0.3) than children (1.9 + 0.2), there
were no significant differences in urine Ca/P ratios by gender and age. In contrast, in 593 Dubai
children, the mean Ca/P was lower (0.15 + 0.15), it was significantly higher in boys (0.17 + 0.16) than
girls (0.14 £ 0.14) and did not change with age [90]. Likewise, in 590 healthy school-age children (7-
11 years, 50.5% girls), the mean and 95 percentile urine Ca/P was 0.155 + 0.095 and 0.36 respectively.
There was no significant difference by age. This ratio decreased with aging and had a significant
negative correlation with age. Girls had higher urine Ca/P (0.16 + 0.1) levels than boys (0.15 + 0.09)
[84]. In adults, the urinary Ca/P ratio of 0.17 (sensitivity 100% and specificity 96%) because of its
discriminatory power between thyrotoxic periodic paralysis (TPP) and non-TPP hypokalemic
paralysis can act as a biomarker [124]. While in this study there was no significant association between
urine and serum Ca/P ratio, in a series of CF patients the serum and urine Ca/P ratio had a negative
correlation between each other [1]. In this study, serum Ca/P ratio had a positive and significant
association with serum P, and serum Ca-PP individually and together, and urine Ca/P ratio with 24-
hour urine Ca and Ca/Cr rate. Patients with hypophosphatemia had a higher serum Ca/P ratio than
those with normal serum P. Serum Ca-PP had a positive and significant association with TmP/GFR
and serum P, and serum P and Ca, and urine Ca/P ratio had a meaningful positive association with
urine Ca and urine Ca and urine Ca/P ratio and HDL-C and serum Vit-C.

Additionally, in our study, the mean urine Ca/P ratio was 0.14 + 0.11 and the Ca-PP was 50.2 +
57.5. Urinary Ca and P excretion is a good indicator of their status. Collecting a 24-hour urine sample
or a spot urine test can assess those nutrients. 24-hour urine collection is the gold standard [90]. There
are few studies on urine Ca/P ratio in adults and even fewer in the pediatric population. In an animal
study performed in pregnant and lactating sows, the best cut-off point for urinary Ca/P ratio was 1.5
(sensitivity 94% and specificity 68%) to identify diets fed with P deficiency and 0.5 for diets with
excess P (sensitivity 82% and specificity 82%) [125]. If we were to rely on these values, in our study,
all patients would have diets with excess P. Since the Ca-PP in our series is < 55-60 mg?/dL? and <72
mg?/dL?, there was no risk factor for increasing CV morbidity [41,42] and no increased relative
mortality risk [42]. Urinary and serum Ca-PP had a direct and meaningful association when they
were adjusted to the age (R?=0.106, p = 0.043). Underfed patients had a significantly higher urine Ca-
PP than eutrophic and obese ones. Two adolescent females (12 and 16 years) had a high serum Ca/P
ratio. One was underfed (2.9), and another was an obese (2.8) child. 7.7% (3 cases) of subjects who
were obese had a higher Ca-PP between 55.1 to 62.6 mg?/dI2. Two of them were hypercalcemic. Serum
Ca-PP was significantly higher in males than females. Participants with deficient Ca intake had a
higher serum Ca/P ratio and lower serum P and Ca-PP than patients with regular Ca consumption.
Although serum P and Ca-PP were substantially higher in children than adolescents, serum Ca/P
ratio, urine P, and Ca/P ratio were higher in adolescents than children.

The Ca-PP should be kept within the normal range, at least below 60 mg?/dL?, since an elevated
Ca-PP is a risk factor for CV morbidity, and P and or Ca levels should be reduced [41]. For example,
in end-stage renal disease (ESRD), in the absence of dietary P restriction or P-chelating supplements,
hyperphosphatemia includes the development and progression of secondary hyperparathyroidism
(HPT) and a predisposition to metastatic calcification in high Ca-PP. There is a relative risk (RR: 1.27)
of death for those with serum P >6.5 mg/dl, with younger patients at ESRD onset, female sex, white
race, diabetes, active smoking, and higher serum Cr (significant predictors). Ca-PP in this population
showed a trend for mortality risk than serum P alone. Patients with the highest quintile of Ca-PP (>72
mg?/dL?) had a RR (1.34) of mortality compared with those with products of 42 to 52 mg?/dL2. These
facts support the need for strict control of hyperphosphatemia to improve patient survival [42].
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Calcium and P metabolism disorders occur when their levels in the body deviate from their basal
state, leading, as we have seen, to pathological states of hypercalcemia, hypocalcemia,
hyperphosphatemia, and hypophosphatemia. They may produce changes in the levels of ALP and
PTH, Vit-D, and FGF23, which could affect the quality of life and even shorten the life expectancy of
patients by inducing growth retardation, osteomalacia, skeletal and dental abnormalities, muscle
spasms, nephrolithiasis, seizures due to hypocalcemia, etc. Both nutrients play essential roles in the
human body. While calcium is involved in hormonal secretion, blood coagulation, and nervous
excitation, P is necessary for energy metabolism, cell signaling, and stabilization of phospholipid
content in the cell membrane. Therefore, it is essential to understand the metabolism of Ca and P for
an adequate early diagnosis that leads to the corresponding therapeutic strategies [120].

At this point, it is crucial to consider several aspects to highlight. First and foremost, most of
these children and adolescents patients with chronic health conditions had an increased risk of
persistent hypovitaminosis D. This deficiency state can lead to secondary hyperparathyroidism and
changes in the immune system. Secondly, there was an imbalance in the metabolism of Ca and P due
to increasing urinary losses despite their dietary intake. Elevated ALP levels were related to urinary
Ca and P losses. We should consider the possibility of an imbalance in body composition and the risk
of an inadequate immune system response. Thirdly, the urinary Ca/P ratio showed associations
primarily with anthropometric and body composition assessments. Finally, PA in most of these
patients may have contributed to their health and nutritional status.

A limitation of this study is the small number of participants. In addition, one aspect we could
not address to complete the assessment of these nutrients was the assessment of dietary P intake and
urinary Vit-D levels. Nevertheless, this study provides valuable and detailed information on Ca, P,
and their relationship in serum and urine in a series of children and adolescents with chronic diseases.
The strengths of this study lie in the determination of Ca; P; Vit-D; Ca/P ratios; Ca-PP levels and their
relationship with anthropometric, body composition, bone densitometry, biochemical and dietary
indicators, in addition to the assessment of health and nutritional status in these patients.

The findings of this study have many practical implications in clinical practice and support the
need to assess dietary, serum, and urinary Ca and P levels at least annually. Relevant data on these
nutrients in healthy children are scarce, especially for different age subgroups. It is crucial to detect
children at higher risk and for clinicians to be able to rely on reference values that identify the normal
range of their urinary composition. Research is critical to confirm that the levels of these nutrients are
adequate, which will allow appropriate dietary changes or the addition of supplements. Further
studies that take these variables into account will be necessary. A natural progression of this work is
to implement multicenter trials to improve knowledge of Ca, P, and Vi-D to determine the necessary
and appropriate amount of supplementation for effective prevention with personalized nutritional
recommendations.

5. Conclusions

In this series of children and adolescents with chronic diseases, 20% of subjects had
hypercalciuria, 23% had high Ca/Cr rate, and 44% exhibited hyperphosphaturia. No one patient was
hypocalcemic or hyperphosphatemic. Serum and urinary Ca/P ratios were 2.12 and 0.13, respectively.
36% and 5% of subjects had hypophosphatemia and hypercalcemia, respectively. Our results support
that there was an imbalance in Ca and P in these patients with high vitamin D impairment. In
addition, there were significant associations between calcium, phosphorus, and vitamin D with
several health and nutritional biomarkers.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1: Correlations between serum calcium (Ca) and phosphorus (P), Ca/P
ratio, Ca-P product, vitamin D and alkaline phosphatase with the studied biomarkers (1 = 39); Table S2:
Correlations between urine calcium (Ca) and phosphorus (P), Ca/P ratio, Ca-P product, urine Ca excretion and
creatinine with the studied nutritional biomarkers (n = 39); Table S3: Correlations between urine
calcium/phosphorus ratio, calcium-phosphorus product, phosphorus excretion, tubular reabsorption of
phosphorus, tubular maximum phosphorus reabsorption/glomerular filtration rate with the studied nutritional
biomarkers (1 = 39).
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BMI Body mass index

FFM Fat free mass

M Fat mass

BIA Bioelectrical impedance analysis

Ca Calcium

p Phosphorus or phosphate

Cr Creatinine

Vit Vitamin

PA Physical Activity

9%DRI % Dietary Reference Intake

ALP Alkaline phosphatase

TRP Fractional tubular reabsorption of phosphate

TmP/GFR Tubular maximum phosphate reabsorption per glomerular filtration rate
EE Energy expenditure

WHO World Health Organization

ANIVA Anthropometry and Child Nutrition in Valencia

ENALIA The National Survey of Nutrition in the Child and Adolescent Population
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