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Abstract

Vitamin D deficiency is associated with adverse health outcomes, including impaired bone growth, 

gingival inflammation and increased risk for autoimmune disease, but the relationship between 

vitamin D deficiency rickets in childhood and long-term health has not been studied. In this study, 

we assessed the effect of early vitamin D deficiency on growth, bone density, dental health and 

immune function in later childhood to determine if children previously diagnosed with rickets 

were at greater risk of adverse health outcomes compared with healthy children. We measured 

serum 25-hydroxyvitamin D, calcium, parathyroid hormone, bone mineral density, anthropometric 

measures, dietary habits, dental health, general health history, and markers of inflammation in 14 

previously diagnosed rickets case children at Children’s Hospital Oakland Research Center. We 

compared the findings in the rickets cases with 11 healthy children selected from the population of 

CHO staff families. Fourteen mothers of the rickets cases, five siblings of the rickets cases, and 

seven mothers of healthy children also participated. Children diagnosed with vitamin D deficiency 
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rickets had a greater risk of fracture, greater prevalence of asthma, and more dental enamel defects 

compared with healthy children. Given the widespread actions of vitamin D, it is likely that early-

life vitamin D deficiency may increase the risk of disease later in childhood. Further assessment of 

the long-term health effects of early deficiency is necessary to make appropriate dietary 

recommendations for infants at risk of deficiency.
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Introduction

Vitamin D deficiency (VDD) in children causes rickets, which is characterised by inadequate 

mineralisation of bones. Severe VDD is typically defined in children with a 25-hydroxy 

vitamin D (25(OH)D) status of <10 ng mL−1. Common clinical findings include bone 

abnormalities, delayed growth or motor development and seizures (Nield et al. 2006). 

Biochemical findings include hypocalcemia, low-circulating 25(OH)D, hypophosphatemia, 

elevated serum alkaline phosphatase and hyperparathyroidism (Weisberg et al. 2004). 

Nutritional rickets is rare in the United States; however, reports published over the last two 

decades have documented an apparent resurgence of VDD in infants and young children 

(Kreiter et al. 2000; Shah et al. 2000; Biser-Rohrbaugh & Hadley-Miller 2001; Tomashek et 
al. 2001; Mylott et al. 2004; Lazol et al. 2008). The Children’s Hospital of Oakland 

documented over 80 cases in children aged 2 months to 5 years from 2000 to 2009 (Fung et 
al. 2009). This increase in prevalence of rickets may be due in part to environmental factors 

such as higher prevalence of breastfeeding without vitamin D supplementation, and 

decreased sun exposure in women and their infants (Weisberg et al. 2004).

The current adequate intake value for vitamin D for infants up to 12 months of age is 400 IU 

(international units) day−1 (Institute of Medicine 2011). For exclusively breastfed infants, 

the American Academy of Pediatrics recommends supplemental oral intake of 400 IU per 

day (Wagner & Greer 2008) to maintain adequate vitamin D status. For older children and 

adults, dietary sources of vitamin D3 (cholecalciferol) are limited. The major source of 

vitamin D for most individuals is cutaneous synthesis, which varies according to season, 

latitude, skin pigmentation, clothing, sunscreen use and air pollution (Holick 1995).

Long-term consequences of early VDD have not been rigorously studied. Negative 

associations have been seen between vitamin D status during pregnancy or early infancy and 

whole-body bone mineral content (BMC) at 9 years of age (Javaid et al. 2006). Associations 

with respiratory health have also been documented, including an inverse association between 

vitamin D status and wheezing in children at 3 years and 5 years of age (Camargo et al. 
2007, 2011; Devereux et al. 2007), and a greater risk of developing lower respiratory tract 

infections in the first year of life (Belderbos et al. 2011). The data regarding VDD and 

allergy are conflicting, with some studies documenting a protective effect (Erkkola et al. 
2009; Litonjua 2009), and others showing an increased risk (Hypponen 2004). Early VDD 

has been associated with adverse long-term effects on dental health, including delayed 
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dentation, enamel defects, increased risk of caries and gingival inflammation (Purvis et al. 
1973; Cockburn et al. 1980; Schroth et al. 2005).

This study describes an investigation of the long-term effects of VDD rickets in children on 

growth, bone health, dental health and immune function. We hypothesise that VDD in early 

life may predispose to adverse outcomes in growth, bone formation, dental health and 

immune function.

Materials and methods

Participant recruitment

All children diagnosed with VDD rickets at the Children’s Hospital & Research Center 

Oakland (CHRCO) from 2000 to 2009 were invited to participate in a Bone Health Day at 

the Children’s Hospital Oakland Research Institute (CHORI). The mothers of the rickets 

cases and a sibling closest in age were also invited to participate. After the cases were 

enrolled, healthy age-matched (‘control’) children (within ±2 years) and their mothers were 

recruited from staff at CHRCO.

This study was approved by the Institutional Review Board at CHRCO. All mothers 

provided informed written consent for themselves and their children. Children over the age 

of 7 years provided informed written assent to participate.

Study visits

Rickets case children, with their mothers and siblings, and matched healthy ‘control’ 

children, with their mothers, came to a single-study visit at CHORI in Oakland, CA. The 

study visit consisted of six stations: (1) informed consent was obtained from the mothers of 

the rickets cases and healthy children; (2) height, weight and blood pressure were measured 

in the children and the mothers; (3) a diet, health and sun exposure questionnaire was 

administered to the mothers to assess their own and their child’s dietary and environmental 

sources of vitamin D; (4) dual-energy X-ray absorptiometry (DXA) scan to measure BMC 

and density was performed on the case children, siblings and healthy children; (5) a dental 

exam was performed on all of the children and mothers; and (6) a non-fasting blood sample 

was drawn from all of the children and mothers.

Laboratory and clinical methods

Biochemical and immune function analyses, anthropometry and bone density methods, 

medical history, and dental exam procedures are described in Supporting Information 

Appendix S1.

Statistical analysis

Statistical analysis was performed using SAS 9.2 (SAS Institute, Inc., Cary, NC, USA) and 

GraphPad Prism software (Version 6.0f for Mac, GraphPad Software, La Jolla, CA, 

USA).The normality of continuous variables was assessed using a Shipiro–Wilk test. 

Variables that were not normally distributed were analysed by non-parametric methods. 

Children previously diagnosed with rickets were compared with healthy children using 
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Wilcoxon rank-sum comparisons. Mothers of children with rickets were compared with 

mothers of healthy children. Spearman correlations were calculated for associations between 

vitamin D status and gingival index and plaque index.

Results

Study population and subject recruitment

Of the identified eligible sample of previously diagnosed rickets cases from Oakland 

Children’s Hospital, 41% (33/80) were unable to be contacted. Of the 47 families who were 

contacted, 13 declined to participate, and five were unable to attend the study visit. The 

participating study population included 14 children previously diagnosed with VDD rickets, 

or 17.5% of the original sample. All 14 mothers of the case children, as well as five siblings, 

also participated in the study. Eleven healthy control children and seven mothers of healthy 

children (some of the healthy children were siblings and thus had the same mother) 

participated in the study.

The rickets case children ranged in age from 1.6 to 11.5 years (mean 4.3 years) at the time of 

the study visit. The mean age at diagnosis for the cases was 1.7 years (range, 0.2–5.3 years). 

The average time since diagnosis was 2.6 years (range, 0.3–6.1 years).

There were no significant differences between rickets case children and healthy children in 

sex or age at the time of the study (Table 1). Ethnicity varied between the rickets and healthy 

groups, with a greater number of African American and Hispanic children in the rickets 

group and a greater number of Asian and Caucasian children in the healthy group (P = 0.02).

Predictors of vitamin D status

Vitamin D status at the time of the study visit did not differ between rickets cases and 

healthy children (Table 1). When all study participants were considered, the mothers of the 

rickets cases had the lowest vitamin D levels (P < 0.05), with nearly 70% of this group 

having a 25(OH)D < 20 ng mL−1 (Fig. 1).

Ethnicity was defined as one of four categories: white, black, Hispanic or Asian. Among the 

rickets cases and healthy children, 25(OH)D did not vary by ethnicity (P = 0.33).

Twenty-five percent (6/25) of all study subjects had serum 25-hydroxyvitamin D < 20 ng 

mL−1 at the time of the study visit, but vitamin D status and dietary intakes of vitamin D and 

calcium did not differ between rickets cases and healthy children (Table 1). Oral 

multivitamin supplement use was greater in the healthy children than in rickets cases (Table 

1).There was a trend towards greater prevalence of lactose intolerance in the rickets cases, 

but this observation did not meet statistical significance (Table 1). Self-reported sunscreen 

use was greater in the healthy children compared with rickets cases (Table 1). Estimated 

time spent outdoors (h month−1; an estimate of sun exposure) did not differ between rickets 

cases and healthy children (Table 1).
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Indicators of calcium metabolism, bone health and growth

Clinically relevant elevation in parathyroid hormone levels was not seen in the children 

(Table 1). There were no significant differences in bone-specific alkaline phosphatase among 

the children (Table 1).

There were no differences in the DXA Z-score measurements of whole-body BMD (bone 

mineral density) or AP spine BMD between rickets cases and healthy children (Table 2). 

There was a significant group difference in lifetime history of fracture, with five rickets 

cases having fractures compared with no fractures in the healthy children (Table 2). Of the 

five rickets cases with fractures, four experienced one or more fractures (at the same time) at 

or before diagnosis (case 4, tibia; case 7, tibia and fibula; case 10, radius and ulna; case 14, 

right clavicle) while one of these cases (case 14) suffered a second fracture at the same site 2 

years after rickets diagnosis. The fifth rickets case with a fracture (case 8, tibia) suffered the 

fracture one year after diagnosis.

To evaluate growth, we compared height and weight Z-scores for the rickets cases and 

healthy children. The rickets cases did not differ significantly from the healthy children in 

the Z-scores for height-for-age, weight-for-age, weight-for-height or body mass index (Table 

1).

Clinical outcomes

Asthma—Whereas 7 out of 14 (50%) of the rickets children had been diagnosed with 

asthma, none of the healthy children had an asthma diagnosis (P = 0.006). This difference 

remained significant when we considered only those children greater than 3 years old, the 

age at which asthma is commonly diagnosed (P = 0.021). Additionally, 40% of the siblings 

of rickets cases (2/5) had been diagnosed with asthma.

Dental health—We did not find any difference between the rickets cases and healthy 

children in the number of baby or adult teeth, percentage of teeth with fillings or percentage 

of teeth with decay. Similarly, plaque index and gingival index did not differ between the 

groups. The rickets case children had a greater amount of enamel defects than the healthy 

children (P = 0.04, Table 2).

Immune function—There was no difference in the percentage of regulatory T-cells in 

peripheral blood between healthy children and rickets cases (Table 2). Among the children 

(rickets cases, healthy children, siblings), the number of regulatory T-cells in whole blood 

correlated positively with serum 25(OH)D (P = 0.009). Of the measured inflammatory 

markers in plasma, only IL-6 was significantly different between the groups, being lower in 

the rickets cases than healthy children (P = 0.019; Table 2).

Discussion

In this study, we found no difference in current vitamin D status between children previously 

treated for VDD rickets and healthy children. The mothers of the rickets cases had the 

lowest mean serum 25(OH)D overall, which is likely due to their low dietary intake of 

vitamin D-containing foods, but as mothers of cases were more likely to be of African 
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ancestry, lower cutaneous synthesis could also be a factor. None of the mothers in our 

sample met the current recommended dietary allowance for vitamin D for pregnant or non-

pregnant women 19–50 years old, 600 IU day−1 (Institute of Medicine 2011); all had intakes 

of less than 400 IU day−1. Since a newborn’s vitamin D status is completely dependent on 

maternal vitamin D stores and exclusively breastfed infants depend entirely on maternal 

stores for dietary vitamin D, any successful intervention to prevent VDD in infants would 

need to consider maternal diet as well as sun exposure.

Compared with the healthy children, the rickets cases had a greater proportion of Latinos 

and African Americans. This is consistent with published studies that documented a greater 

risk of rickets among children of African American ancestry (Kreiter et al. 2000; Mylott et 
al. 2004; Weisberg et al. 2004) and more VDD among black mothers than their white 

counterparts (Bodnar et al. 2007). Of the 200 black pregnant women studied at delivery in 

Pittsburgh, 29.2% had a 25(OH)D < 37.5 nmol L−1 (15 ng mL−1) and 54.1% had a 25(OH)D 

between 37.5 and 80 nmol L−1 (15–32 ng mL−1, despite 90% of women reporting prenatal 

vitamin use (Bodnar et al. 2007). Among the black neonates in the same study, 45.6% had a 

25(OH)D < 37.5 nmol L−1 and 46.8% had a 25(OH)D between 37.5 and 80 nmol L−1 at 

birth. Infant cord 25(OH)D correlated strongly with maternal serum 25(OH)D before 

delivery (r = 0.89). A limitation of our study is that controls were not randomly selected 

from the community served by Oakland Children’s Hospital, thus limiting our ability to 

assess the association of demographic characteristics with risk of rickets.

Several factors potentially contribute to insufficient intake of vitamin D and thus lead 

toVDD rickets. For example, attitudes towards supplement use could affect vitamin D 

intake, and concerns relating to lactose intolerance may contribute to lower vitamin D intake 

as the primary food sources of vitamin D for most Americans are fortified dairy products 

(milk and some yogurts). In our study population, there was a lower reported use of 

nutritional supplements in the rickets children compared with the healthy children, and a 

non-significant trend of more lactose intolerance among the rickets cases. Thus, better 

education of parents on sources of dietary vitamin D could decrease the risk of VDD rickets.

Within our study population, there was no significant group difference in the Z-scores for 

measures of age-specific height and weight. Similarly, we observed no difference in whole-

body or spine bone mineral density Z-scores between rickets cases and healthy children at 

the time of the study. Data regarding long-term effects of early VDD on bone density are 

conflicting. In one study, low 25(OH)D in late pregnancy was associated with lower whole-

body BMC in the offspring at 9 years of age (Javaid et al. 2006). In a retrospective cohort 

study, Caucasian girls who had been supplemented with vitamin D during the first year of 

life had greater areal bone mineral density measurements of the radial metaphysis, femoral 

neck and femoral trochanter sites at 8 years of age compared with un-supplemented girls 

(Zamora et al. 1999). However, another trial of vitamin D supplementation of 500 or 1000 

IU per day in preterm infants demonstrated that supplementation in infancy does not appear 

to make a difference in BMC at 9 years old (Backström et al. 1999). This latter study implies 

that children may compensate for early nutritional deficiencies if given proper nutrition 

during growth.
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A clinically relevant finding in our study is the greater rate of fractures among the rickets 

cases compared with the healthy children. Although we did not demonstrate any differences 

in bone mineral density Z-scores between rickets cases and healthy children, the difference 

in fracture rates between the groups suggests a detrimental functional effect of early VDD, 

and is consistent with previous observations (Sonneville et al. 2012).

Of particular interest is whether early VDD predisposes to immune dysfunction in later life. 

One possible consequence of such an effect is an increased risk of asthma. In our study 

population, we found a significantly greater rate of asthma diagnosis among the rickets 

cases. Since our controls were not selected as a representative community sample, we cannot 

directly infer an increased risk of asthma based on previous VDD in the cases. However, a 

number of studies have documented such a positive association between poor maternal 

vitamin D status during pregnancy and later risk of asthma (Erkkola et al. 2009) or wheezing 

(Camargo et al. 2007, 2011; Devereux et al. 2007) in their children. Such findings are not 

universal, however, as a Finnish birth cohort study demonstrated a positive association 

between asthma risk at 31 years of age and vitamin D supplementation in infancy 

(Hypponen 2004). Another study showed that asthma risk at 9 years was greater among 

offspring of women with serum 25(OH)D > 75 nmol L−1 (30 ng mL−1) during late 

pregnancy compared with children whose mothers had a serum 25(OH)D < 30 nmol L−1 (12 

ng mL−1) during pregnancy (Gale et al. 2008).

This paradoxical relationship between vitamin D status and asthma risk may be a result of 

the dual effects of vitamin D on the innate and adaptive components of the immune system. 

Vitamin D is necessary for production of cathelicidin, an antimicrobial peptide that plays a 

role in pulmonary mucosal innate immunity, particularly protection against respiratory 

infection (Gombart 2009).Vitamin D also plays a role in the adaptive immune response; it 

promotes expression of IL-10 (a regulatory cytokine) and a shift towards Th2-mediated T-

cell responses (e.g. IL-4) such as those which occur in allergic asthma.

Regulatory T-cells are a subset of CD4+ T-lymphocytes that can down-regulate immune 

responses mediated by other subsets of T-lymphocytes. Vitamin D has been shown to 

promote the development of this T-cell phenotype in vitro (Jeffery et al. 2009). Having a low 

percentage of regulatory T-cells has been associated with autoimmune disease and 

inflammation. Early VDD has been shown to be a risk factor for development of 

autoimmune diseases later in life, including type 1 diabetes (Eurodiab 1999; Hypponen et al. 
2001; Zipitis & Akobeng 2008). In this study, there was no difference in the proportion of 

regulatory T-cells in the controls compared with rickets cases. VDD could increase the risk 

of asthma by impairing innate immunity and thus increasing severity of certain respiratory 

infections early in infancy, while better vitamin D status could have unpredictable effects on 

adaptive immunity related to allergic asthma, either enhancing Th2 responses that underlie 

allergic responses, or enhancing regulatory responses that could control allergic responses.

Rickets was associated with defects in dental enamel in the present study, which is 

consistent with previous observations that one of the signs of rickets in children is 

hypoplasia of dental enamel, leading to a greater susceptibility to dental caries (Wharton & 

Bishop 2003). Enamel formation begins in utero and is complete before eruption of the 
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teeth. In one study of 112 infants treated for neonatal tetany in Edinburgh, 56% had severe 

enamel defects, implying an association between tetany (often a consequence of severe VDD 

caused by maternal deficiency during pregnancy) and enamel defects (Purvis et al. 1973). 

Furthermore, children whose mothers received 100 000 IU ergocalciferol at diagnosis of 

pregnancy and again in the third trimester had significantly earlier eruption times of the first 

tooth than children of non-supplemented mothers (Schroth et al. 2005). VDD has been 

associated with greater risk of periodontal disease (Weisberg et al. 2004; Dietrich et al. 
2005), and is likely the cause of increased risk of periodontal disease and caries in children 

with VDD rickets. While we did not observe different rates of periodontal disease in the 

present study, it is possible that the relatively long follow-up period after rickets diagnosis 

for some cases may have decreased our ability to identify such an association, presuming 

that initial treatment and ongoing attention to vitamin D nutrition for rickets cases may have 

resolved some transient effects of vitamin D deficiency, such as gingival inflammation, 

particularly in cases with long follow-up periods. Adequate vitamin D status is necessary for 

adequate innate immunity, particularly expression of antimicrobial peptides such as 

cathelicidin (Liu et al. 2006; Gombart 2009), which promotes oral health.

While the principal strength of this study is its identification and follow-up of rickets cases, 

an unfortunate shortcoming is the small sample size. Despite the sizable pool of potential 

follow-up study participants, only a small number of families decided to participate in the 

study. We believe our inability to reconnect with previous patients may be due to the mobile 

nature of this patient population. Furthermore, the selection of the healthy control children 

from the population of hospital staff may have limited generalisability of the data because 

this population is likely different from the rickets cases in ways not directly evaluated in this 

study. Another challenge to interpretation of the data is the heterogeneous time since rickets 

diagnosis and age at diagnosis for our cohort of patients. Early exposure to VDD may 

contribute to later risk of disease (dental, immune function) or negatively impact growth and 

bone development. However, it is likely that the timing of this exposure is important to the 

long-term effects. Given this, future studies are needed to determine whether VDD at certain 

time points during development is more detrimental.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key messages

• Early-life vitamin D deficiency may have long-term consequences for 

young children including poor linear growth, increased risk for 

fracture, greater prevalence of asthma, and dental enamel defects.

• Factors that may contribute to vitamin D deficiency include attitudes 

towards supplement use, lactose intolerance, and inconsistent sunscreen 

use.

• Clinicians should consider both vitamin D status during pregnancy and 

infant nutrition for prevention of rickets.
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Fig. 1. 
Vitamin D status did not differ between rickets cases and healthy children, and was the 

lowest overall in the mothers of the rickets cases (P < 0.05). Median values are indicated by 

a horizontal bar. Serum 25(OH)D was measured at the time of the study by 

radioimmunoassay.
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Table 1

Characteristics of children enrolled in the study

Rickets cases
(n = 14)

Healthy controls
(n = 11)

P-value

Demographics and anthropometrics

  Female sex, n (%) 8 (57) 5 (45) –

  Age, years 4.3 (2.0, 5.5) 5.5 (1.9, 7.0) 0.32

  Height for age Z-score −0.45 (−0.96, 0.56)
(n = 12)

0.28 (−0.45, 1.59) 0.21

  Weight for age Z-score −0.40 (−1.06, 0.3)
(n = 12)

0.44 (−0.58, 1.21) 0.29

  Weight for height Z-score 0.27 (−0.95, 0.43) 0.17 (−0.59, 0.93) 0.95

(n = 10) (n = 8)

  BMI Z-score, kg m−2 0.12 (−0.97, 0.91)
(n = 9)

0.15 (−0.58, 0.69)
(n = 8)

0.94

  Race (Wh/AfAm/Lat/Asn), n 1/9/2/2 4/1/1/5 0.02*

  Race (AfAm/Other), n 9/5 1/10 0.005*

Vitamin D and related markers

  25(OH)D, ng mL−1 26.5 (19.7, 38.9) 33.3 (27.9, 36.3)
(n = 10)

0.59

  25(OH)D < 30 ng mL−1, n (%) 8 (57) 4 (40) 0.41*

  25(OH)D < 20 ng mL−1, n (%) 4 (29) 2 (20) 0.63*

  PTH, pg mL−1 33.0 (27.0, 40.0)
(n = 11)

32.0 (28.0, 34.0)
(n = 10)

0.52

  BSAP, µg L−1 86.0 (61.0, 117.3)
(n = 13)

68.2 (55.1, 83.3)
(n = 10)

0.06

Contributors to vitamin D status

  Dietary vitamin D intake, IU day−1 382.5 (189.0, 490.0) 381.0 (342.0, 428.0) 0.95

    Range, IU day−1 90–1315 142–790 –

  Dietary calcium intake, mg day−1 676.5 (340.0, 1117.0) 966.0 (558.0, 1065.0) 0.43

    Range, mg day−1 223–3202 366–1764 –

  Supplement use, n (%) 3 (21) 9 (82) 0.003*

  Lactose intolerance, n (%) 2 (14) 0 (0) 0.19*

  Sunscreen use, n (%) 2 (14) 10 (91) 0.0001*

  Time spent outdoors, h month−1 60 (30, 150)
(n = 13)

35 (30, 45)
(n = 10)

0.18

BMI, body mass index; BSAP, bone-specific alkaline phosphatase; IU, international units; PTH, parathyroid hormone. Data are presented as 
median (25th/75th percentile) unless otherwise indicated.

P-values are determined by Wilcoxon rank-sum test or by chi-squared test (*).

Dietary intakes of vitamin D and calcium were estimated from modified food frequency questionnaires of vitamin D and calcium-containing foods. 
Calculations based on a comparison of rickets (n = 14) and controls (n = 11), unless otherwise noted.
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Table 2

Clinical outcomes measured in the follow-up study

Rickets cases Healthy controls P-value

Bone markers

  n 14 11 –

  Whole body aBMD, score −0.5 ± 1.3 −1.2 ± 0.7 0.22

  AP spine aBMD, score 0.8 ± 2.1 −0.1 ± 0.9 0.31

  History of fracture, n (%) 5 (35.7) 0 (0) 0.03*

Dental health

  n 14 11 –

  Baby teeth, n 14.5 ± 6.1 14.5 ± 6.3 0.96

  Adult teeth, n 3.5 ± 6.5 4.5 ± 7.0 1

  Total teeth, n 18.0 ± 4.8 19.0 ± 6.0 0.40

  Number of fillings, n 1.0 ± 2.4 0.45 ± 0.82 0.86

  Teeth with filling, % 5.4 ± 13.1% 2.0 ± 3.6% 0.88

  Teeth with decay, n 0.6 ± 0.9 0.27 ± 0.65 0.30

  Teeth with decay, % 4.5 ± 7.5 1.3 ± 3.1 0.25

  Teeth with enamel defects, n 4.8 ± 5.7 1.8 ± 2.8 0.04

  Gingival index† 0.40 ± 0.40
(n = 5)

0.26 ± 0.14
(n = 4)

0.90

  Plaque index† 0.57 ± 0.45
(n = 5)

0.38 ± 0.26
(n = 4)

0.46

Plasma inflammatory markers

  n 11 10 –

  IL-6, pg mL−1 6.3 (0.2, 12.5) 19.6 (8.3, 40.0) 0.019

  IL-10, pg mL−1 8.2 (1.6, 12.8) 8.2 (7.0, 11.0) 0.65

  IL-17, pg mL−1 3.5 (1.7, 11.6) 8.4 (5.9, 24.0) 0.13

  TNF-α, pg mL−1 8.7 (5.2, 17.2) 9.8 (8.2, 10.4) 0.81

  Eotaxin, pg mL−1 71.9 (46.3, 87.1) 93.1 (64.3, 127.7) 0.11

  IP-10, pg mL−1 148.2 (100.9, 168.2) 134.2 (117.3, 216.9) 0.50

Regulatory T-cells (defined as % CD25 + CD127lo of CD4+) 8.4 (7.0, 10.4)
(n = 12)

9.1 (8.1, 10.2)
(n = 8)

0.59

aBMD, areal bone mineral density; AP, anterior-posterior. Data are presented as mean ± SD or median (IQR).

P-values are determined by Wilcoxon rank-sum test or by chi-squared test (*) comparing rickets to control children.

†
Gingival index and plaque index were only calculated in subjects with noted gingival inflammation or plaque, n = 9 children. Number of 

individuals included in mean value noted in column for indices means.
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