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Abstract: Adequate vitamin D status is important for bone growth and mineralization and has been implicated
in the regulation of autoimmunity, metabolic function and cancer prevention. There are no reports of
population-based studies on the vitamin D status of Rivers State youth in Nigeria, a population where
mandatory fortification of foods is currently advocated.

We measured 25-hydroxycholecalciferol [25(OH)D], the best indicator of vitamin D status, in a post-
primary school-based cross-sectional sample of representative Rivers State youth (n=1120) ages 10, 15, and 20
living in the Ikwerre-speaking local government areas (LGASs). Blood samples were collected from February to
July 2009. We defined 25(OH)D deficiency as < 27.5nmol/’L, hypovitaminosis as < 37.5nmol/L, and optimal as
> 75nmol/L.

More than 95% of youth in each age and sex group had suboptimal 25(OH)D concentrations. The
prevalence of 25(OH)D deficiency increased with age in both sexes (P< 0.001). It was 2%, 4% and 13% in 10,
15,” and 20-year-old boys and 2%, 9% and 12% in 10°, 15", and 20-year-old girls. Girls with higher body mass
index and girls from households with lower income had lower 25(0OH)D concentrations. These effects were not
found in boys.

Inadequate vitamin D status is a potentially serious public health problem among children and young
adolescents in Rivers State. This result calls for renewed efforts to ensure adequate vitamin D intake among
growing children and adolescents.

Keywords: Children, 25-hydroxycholecalciferol, Nigeria, Rivers-State, vitamin-D, Young-adolescents.

I Introduction

Vitamin D facilitates the intestinal absorption of calcium and phosphorus and plays an important role in
bone mineralization [1]. It follows that maintainingoptimal 25-hydroxycholecalciferol [25(OH) D]
concentrations is particularly important during the growth period in children and adolescents, when much of
adult bone mass is established [2]. Vitamin D is believed to exert physiological effects beyond the skeletal
system [3]. Indeed, the identification of vitamin D-specific nuclear receptors, in a number of tissues, indicates
that this hormone plays a role in several physiological processes including cancer prevention [4], immune
regulations [5], and glucose homeostasis [6].

Ultraviolet activation of 7-dehydrocholesterol in the epidermis is the predominant source of
cholecalciferol or vitamin D3 [7]. This secosteroid is then transported to the liver where it is hydroxylated to
yield 25(0OH)D. when dietary calcium intake is low, the parathyroid glands respond to minute decreases in
ionized serum calcium by releasing parathyroid hormone (PTH). Parathyroid hormone, in turn, regulates the
final hydroxylation of vitamin D in the renal mitochondria, yielding the biologically active hormone, 1-a, 25-
dihydroxycholecalciferol [8]. Activevitamin D has three target tissues relevant to calcium metabolism. First,
active vitamin D initiates the breakdown of bone tissue, releasing calcium into the serum; second, it increases
the absorption of dietary calcium in the gut; finally, active vitamin D increases the reabsorption of calcium in
the distal tubule of the kidney [3].

Cutaneous vitamin D synthesis is season dependent. During the rainy seasons (with reduced periods of
sunlight) and particularly (as in Nigeria) from February to July, vitamin D production endogenously is reduced
and the body then depends on exogenous sources in fortified foods or supplements [9]. The 1997 Institute of
Medicine guidelines for dietary intake of vitamin D were meant to prevent the seasonal increase in PTH
associated with lower vitamin D status, assuming little or no cutaneous production of vitamin D [10]. Increased
plasma concentration of PTH is a marker of bone remodeling. Consistently increased concentrations of PTH are
associated with an increase in risk for osteoporosis in later life [11].

Several studies have documented vitamin D deficiency and hypovitaminosis from populations
inhabiting a wide range of climatic conditions, including male adolescents in Paris [12], white adolescent girls
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in Maine [13], inner-city adolescent girls in Manchester, UK [14], and school-aged youth from Lebanon [15].
Mandatory fortification of staple foods does exist in the US, Canada, and Finland. Fortification have been
shown to increase vitamin D intake consistent with dietary intake guidelines proposed by the Institute of
Medicine [16]. An expert consensus among vitamin D researchers has stated that current levels of food
fortification are inadequate to support optimal vitamin D status in adults [17]. In youth, little is known regarding
the effectiveness of fortification in mitigating vitamin D deficiency or supporting optimal vitamin D status.
Further, there are no reports of large population-based studies on the vitamin D status of youth in Rivers State,
Nigeria-a region in Nigeria where mandatory fortification of staple foods with vitamin D is strongly advocated.
25-hydroxycholecalciferol [25(OH)D] is widely recognized as the best indicator of vitamin D status [7]
and so in this study we assessed the vitamin D status of a representative sample of children and young-
adolescents from the Ikwerre-speaking local government areas of Rivers State, Nigeria by measuring samples
collected from February to July (the period when skin vitamin D synthesis is expected to be). We also tested the
association or influence of age, sex, adiposity and sociodemographic variables on 25(OH)Dconcentrations.

1. Subjects and methods

The study population comprised children and young-adolescents who participated in the Ikwerre-
speaking Local Government Areas Health Survey (ISLGAHS), a post-primary school-based survey conducted
between February and July, 2009. We used a cluster sampling design to draw representative samples of youth
from 15 post-primary schools in the four Ikwerre-speaking Local Government Areas of Rivers State, of youth
ages 10, 15 and 20 years. Questionnaire and anthropometric data were available for 1200 youth distributed as
400 each of eligible 107,157, and 20years-old. Out of this total number total number, 90% (360), 93% (372) and
96% (388) of 10-, 15- and 20-year-olds actually participated in the final stages of the study and provided a
fasting blood specimen. Thus, a total 1120 (93%) blood specimens were available for analysis. Eighty (80) were
excluded because parents refused consent for obtaining blood specimen from their children for the study or
because the specimens obtained were of insufficient quantity for analysis of 25(OH)D. There were no
differences in sex, body mass index (BMI) z score, or parental income among youth for whom blood samples
were studied as against those not studied. The Local Government ethics review board of Rivers State approved
this study.

Written informed consent and assent were obtained from the parents/guardians and participants
respectively. Height was measured to the nearest 0.1cm at maximal inspiration using a measuring tape and a
triangular level. Weight was measured with light in-door clothing with shoes removed. BMI was calculated by
dividing the weight (in kg) by the square of the height (in meter) (kg/m?). We categorized youth as overweight if
their BMI was > 85th and <95th or obese at > 95th percentile values for their sex and age according to the
2000US CDC growth charts [18]. We categorized household income as high, middle and low income based on
total income and number of persons living in the household; household income was coded as ‘no reply’ if
parents did not respond to the income question. We used the location of each of the schools used for this study
as a proxy for the location of the participants’ residences, and schools were classified as rural or urban based on
the National population commission classification in Nigeria.

Venous blood was collected after an overweight fast between 0800 and 1000 hours in EDTA specimen
collection tubes and placed on ice. Specimens were centrifuged on site at 3000 revolutions/minute within 45min
of collection, transported on dry ice, and stored at -70°C. In August, 2009, we used competitive immunoassay
(Radioimmunoassay) for the quantitative determination of plasma 25(OH)D (Immunodiagnostic system
limited). The interassay coefficient of variation (CV) was 5.9% at 30.6nmol/L and 6.0% at 109.4nmol/L [19,20].

We used 3 cutoffs to describe vitamin D status: deficiency, hypovitaminosis and optimal. In the
absence of rickets or osteomalacia, there are no outcome-based criteria to define vitamin D deficiency, though it
has been proposed that paediatric vitamin D deficiency can be defined as plasma 25(OH)D< 25-30nmol/L [21].
The Institute of Medicine defines vitamin D deficiency as 25(0OH)D < 27.5nmol/L [22]. For hypovitaminosis D,
we used a literature-reported cutoff for 25(OH)D of < 37.5nmol/L [23]. The value for optimal 25(OH)D
concentrationswas > 75nmol/L, a value thought to be consistent with both improved bone health [24] and other
health outcomes [25] in adults.

1. Statistical Analysis

We computed age-and sex-specific z scores for BMI using a SAS program developed by the CDC
based on the 2000 US CDC growth charts [26]. To take the complex study design into account, sampling
weights and clustering effects by school were estimated and incorporated into computations of prevalence,
percentile values, and 95% confidence intervals (95% CIs). We used the non-parametric method developed by
Huston [27] to estimate percentiles and their Cls. Because of low observed frequencies, we calculated exact
binomial 95% Cls [28] for the prevalence of the 3 concentrations of 25(OH)D. We tested differences in the
prevalence between sexes and across ages using a likelihood ratio test in a generalized logistic model to take the
clustering effect within school into account. We tested the association between mean 25(0OH)D, sex, and age in
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univariate regression analysis. We used hierarchical maximum likelihood regression to estimate regression
coefficients for univariate and multivariate associations. Explanatory variables were treated as fixed effects, and
clustering between individuals in the same school was treated as a random effect. We stratified analysis by sex
because of a significant age x sex interaction (P < 0.001) in a model including sex, age, BMI z score, month of
blood draw, parental income, and location of residence. Statistical analysis were performed with SAS version
9.1 (SAS Institute, Inc.).

V. Result

Salient characteristics of the participants are shown in Table 1. Majority of the blood specimen (81%)
were drawn between February and April. Plasma 25(OH)D concentrations ranged from 12.5 to 118.7nmol/L.
Mean age- and sex-specific plasma 25(OH)D concentrations and percentile values are presented in Table 2.
With the exception of 20-year-old girls, the value of the 95th percentile in each age and sex group was below the
optimal concentration of 75nmol/L. We observed no significant differences in mean 25(OH)D between sexes (P
= 0.6). In both sexes combined, 15-and 20-year-olds had significantly lower mean 25(OH)D than 10-year-olds
(43.1nmol/L versus 49.4nmol/L) (P<0.001).

More than 11% of 20-year-olds were 25(OH)D deficient (Table 3). The prevalence of deficiency
increased significantly with age in both sexes. As many as 37% of 20-year-old boys and 30% of 20-year-old
girls had 25 (OH)D concentrations consistent with hypovitaminiosis. The prevalence of hypovitaminosis
increased significantly with age in both sexes. 25(OH)D concentrations were not optimal in the vast majority of
children and young adolescents.

Girls in the low category of household income had significantly lower 25(OH)D than those in the high
income category after adjustment for age, month of specimen collection, area of residence, and BMI z score
(Table 4).

Boys and girls in this study with no reply in terms of parental/guardian income level had the lowest
concentrations of 25(OH)D. In contrast to boys, BMI z score was significantly associated with 25(OH)D
concentrations in girls: a one standard deviation (ISD) increase in BMI was associated with a 1.8nmol/L
decrease in 25(OH)D. There was no association in either sex between plasma 25(OH)D and month of specimen
collection or residence in rural or urban setting.

V. Discussion

Our study is the first to examine vitamin D status during the rainy months in a representative
population-based sample in Rivers State, Nigeria. This study revealed a relatively high prevalence of 25(0OH)D
deficiency, in particular among 20-year-old boys and girls. We did not detect any differences in 25(OH)D
concentrations between specimens collected in February to April and May to July, suggesting that the period of
deficiency or hypovitaminosisextended all through the rainy months.

Our results concur with those of others to suggest that vitamin D deficiency and hypovitaminosis D are
widespread among children and adolescents during periods of relative absence of sunlight. For example, Das et
al. [14] reported a mean serum 25(OH)D concentration of 37.3nmol/L at the end of May in white girls from
Manchester, UK. A population-based sample of adolescent girls from Denmark, Finland, Ireland and Poland
taken during February and March reported a median serum 25(OH)D of 29.4nmol/L [29]. Similar findings were
reported among youth in Philadelphia [30] and New Zealand [31]. In Canadian children, rickets is an ongoing
concern. Ward et al. [32] reported 104 cases of vitamin D-deficient rickets between July 2002 and June 2004
(incidence rate 2.9/100,000). Affected children in this study had a mean age of 1.4 years, and many were dark
skinned or residing in Northern Canada. Both skin colour and living in the North have been associated with
decreased cutaneous synthesis of vitamin D [3].

A 3-year prospective study of 171 peripubertal Finnish youth reported that baseline vitamin D
deficiency [defined as 25(OH)D < 20nmol/L] in a context of high dietary calcium intake (1575mg/day) was
associated with a decrease in bone mineral content of the lumbar spine 3 years later in older girls [33].
Furthermore, recent findings from observational and randomized trials suggest that optimal 25(OH)D and
adequate dietary calcium intake are important for the prevention of cancer [4], type 1 diabetes [34], type 2
diabetes [35], and other health outcomes [3].

Similar to a study of New Zealand youth [31], our analysis showed an inverse association between
25(0OH)D concentrations and body weight in girls. The sequestration of vitamin D into adipose tissue is thought
to explain this association [36]. Our findings that girls of low socioeconomic status had lower concentrations of
25(0OH)D was not consistent with a report from Philadelphia in which caregiver education and annual income
were used as measures of socio-economic position [30]. Youth whose parents did not respond to the question on
income had the lowest concentrations of 25(OH)D. Non-response (no reply) is generally thought to be most
common among individuals in highest and lowest socioeconomic position [37]. Further research will be needed
to explore the association between 25(OH)D concentrations and socioeconomic status.
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There is no widely agreed consensus on the threshold to define vitamin D deficiency in
paediatricpopulations. We elected therefore to use multiple cut points and present selected percentile values to
facilitate comparisons with other studies. We collected our specimens between February and July, 2009 and
carried out analysis of 25(OH)D in all the specimens collected by August, 2009. There is no worry about the
stability of 25(OH)D as this question does not arise and 25(OH)D has been shown to be stable even under
repeated freeze/thaw cycles [38].

We did not directly collect information on sun exposure and dietary sources of vitamin D. One
limitation of our assay method (Immunodiagnostic systems Radioimmunoassay) is underestimation of vitamin
D,. According to the manufacturers report, the assay detects only 75% of this analyte.

VI. Conclusion

We have found in our study that, 25(OH)D deficiency and hypovitaminosis were highly prevalent in
children and young adolescents living in Rivers State, Nigeria during the rainy months of 2009-a population for
whom fortification of staple foods is strongly advocated.

No recent representative surveys of vitamin D status in youth are available in Rivers State. This lack
calls for urgent monitoring of indicators of vitamin D status in other states of Nigeria. Viet et al. [17], in their
editorial, have recently called for international agencies to reassess the dietary recommendations for vitamin D
to ensure optimal concentrations of 25(OH)D. The findings of our study in a developing country (Nigeria)
strongly support such a plea.
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Table 1: Some characteristics of the study participants
Characteristics Boys, % (n) Girls, % (n)
n 398 602
Age(vears)
10 31.1(186) 30.1(181)
15 33.1(198) 32.9(198)
20 35.8(214) 37.0(223)
Household income
High 149(89) 13.5(81)
Middle 60.4(361) 62.3(373)
Low 10.0(60) 10.6(64)
Noreply 14.7(88) 13.6(82)
Area of residence
Urban 55.4(331) 36.1(338)
Rural 44.6(267) 43.9(264)
BMI Category*
Normal weight 76.4(437) 77.1(464)
Overweight 13.0(78) 143(36)
Obese 10.6(63) 8.6(52)
Month of specimen collection
February-April 81.1(485) 80.9(487)
May-July 18.9(113) 19.1(115)
Note:
BMI=Body Mass Index
* Normal weight is defined as < 85* percentile, overweight is the 83th to 95th percentile, and obese 1 > 93th
percentile of the 2000 US-CDC growth charts [18].
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Table 2: Percentile values and mean plasma 25(0OH) D (nmol/L) by sex and age*

*Data are mean [95% confidence mterval (CT)] and percentile (95% CI)

Boys Girls
I I | [ I 1
10years 15years 20years 10year 15years 20years
n 186 198 214 181 198 223

Percentile

Sth 33.5(28.8-35.4) 282(25.1-32.6)  21.8(18.3-25.7)  28.1(27.2-345) 23.1(20.7-274) 22.7(20.6-26.9)
25th 415(40.0-443)  342(33.1-37.3)  30.2(285-32.8)  40.4(39.5-43.1) 317(31.1-357) 31.2(29.3-33.8)
50th 50.7(475-519) 433(40.1-448)  40.3(37.642.8)  472(449-497) 38.7(365-40.9) 43.8(40.146.7)
75th 559(55.1-385)  48.6(48.7-51.7) 49.7(482-51.8)  33.1(32.3-53.7) 45.7(44.4476) 354.7(50.3-36.3)
95th 71.8(68.4-754)  61.3(56.3-66.1) 67.3(63.4-71.6) 66.7(63.1-69.6) 58.8(56.5-642) 79.5(74.2-90.3)
Mean 51.48(48.10-32.9) 43.4(40.46-46.3) 42.1(39.7-454) 473(455499) 402(38.1-41.8) 46.7(42.8-50.3)

Table 3: Participants (Expressed in percent) according to the various values of plasma 25(0OH) D by age and sex*

Plasma 25(0H) D value

Deficient: < 27.5nmolL

10years

Boys

Girls

Pt

Hypovitaminosis: J 37.5nmolL

Boys
Girls

P

Suboptimal: J 75nmolL
Boys

Girls

P*

15years

2.1(0.5-3.8)
21(0.34.1)

N§

6.9(.9-

11.7)

12.6(7.8-19.5)

4.0(1.1-72)
8.5(3.2-143)
0.022

24.9(18.3-30.9)
33.7(26.7-42.1)

20years

13.2(8.5-19.2)
11.7(3.3-14.9)
NS

36.7(32.1-41.9)
30.1(22.8-34.9)
0.012

<0.001
<0.001

<0.0001
<0.0001

NS 0.018
98.1(95.1-99.6) 99.5(98.1-100)
98.9(95.7-99.6) 99.6(96.7-100)
NS NS

Note:

*  Dataare % (93%CT)

** Differences across ages

+  Differences between sexes
NS§=Not significant (P = 0.05)

98.6(96.9-99.9)
92.9(90.1-96.2)
0.003

Table 4: Associations between 25(OH) D concentrations (nmol/L) and some sociodemographic and anthropometric variables

B Regression coefficient

*  Differences, m nmol'L, of plasma 25(OH)D for unit mcrement of the explanatory

Boys (n=598)
g* SE P

Explanatory variables
Age (vears)

10 Ref - -

15 6.6 1.0 <0.001
20 -78 2 <0.001
Month of specimen collection

May-July Ref = 2
February —Apnl 0.15 10 NS
Household income

High 3 <
Middle 21 1.5 NS
Low -23 13 NS
No reply -31 1.6 0.030
Area of Residence

Urban Ref 2 =
Rural -0.29 0.68 NS
BMI z score -0.52 0.35 NS

Note:

P Probability value forregression coefficient

NS=Not significant (P = 0.03)
BMI=Body mass index;
Ref= Reference

Girls (n=602)
g SE P
Ref - -
6.8 12 <0.001
-15 11 NS
Ref - -
-18 13 NS
Ref - -
-14 16 NS
-39 1.7 0.009
-11 20 0.0005
Ref - =
-0.58 12 NS
-18 044 0.001
variable
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