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Background & objectives: Zinc is a crucial micronutrient in adolescence, required for promoting growth
and sexual maturation. Adolescents of some tribes may be at high risk of zinc deficiency due to dietary
inadequacy and poor bioavailability of zinc from plant-based diets. This study aimed to evaluate the risk
of zinc deficiency by estimating prevalence of inadequate zinc intake, prevalence of low serum zinc and
stunting among tribal adolescents.

Methods: A cross-sectional community-based survey was conducted among adolescents (10-19 yr) in
three purposively selected districts where Bhil, Korku and Gond tribes were in majority. Structured
data collection instrument comprising information about sociodemographic characteristics and dietary
recall data was used. Anthropometric assessment was conducted by standardized weighing scales and
anthropometry tapes, and blood sample was collected from antecubital vein into trace element-free
vacutainers. Serum zinc was estimated using an atomic absorption spectrophotometer.

Results: A total of 2310 households were approached for participation in the study, of which 2224 households
having 5151 adolescents participated. Out of these enlisted adolescents, 4673 responded to dietary recall
(90.7% response rate). Anthropometry of 2437 participants was carried out, and serum zinc was analyzed
in 844 adolescents. The overall prevalence of dietary zinc inadequacy was 42.6 per cent [95% confidence
interval (CI) 41.2 to 44.1] with reference to the estimated average requirement suggested by International
Zinc Nutrition Consultative Group (IZiNCG) and 64.8 per cent (95% CI 63.4 to 66.2) with Indian Council of
Medical Research-recommended requirements. Stunting was observed in 29 per cent (95% CI 27.2 to 30.8)
participants. According to IZiNCG cut-offs, low serum zinc was detected in 57.5 per cent (95% CI 54.1 to
60.8) of adolescents, whereas it was 34.4 per cent (95% CI: 31.2-37.5) according to the national level cut-off.

Interpretation & conclusions: Risk of dietary zinc inadequacy and low serum zinc concentration amongst
adolescents of the Gond, Bhil and Korku tribes is a public health concern.
Key words Estimated average requirement - Indian tribal adolescents - serum zinc - zinc inadequacy

Zinc is regarded as a growth nutrient and functions beings. Detrimental effects on growth and functioning
as an essential co-factor in over 300 enzymes in human are seen even in mild zinc deficiency let alone moderate
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and severe deficiency'. Symptoms of zinc deficiency
are non-specific unlike deficiency symptoms or signs
of other micronutrients. Long-term deficiency of zinc
results in growth impairment and faltering, which
could be indicated by stunting and thinness. Joint
statement of the World Health Organization (WHO),
the United Nations Children’s Fund, the International
Atomic Energy Agency and the International Zinc
Nutrition Consultative Group (IZiNCG) recommended
three indicators for assessing population-level zinc
deficiency®. These include proportion of population
with dietary intake of zinc below estimated average
requirement (EAR), prevalence of stunting among
children below five years of age and prevalence of low
serum zinc levels?.

Various studies have highlighted the extent of
zinc deficiency among children under five, and the
role of zinc supplementation with a dose of 10 mg/
day or more especially in low birth weight infants
to reduce under-five mortality>. Adolescence is
another crucial stage in growth and development,
and therefore, zinc deficiency could be detrimental
in such stage of life. During adolescence, higher
prevalence of inadequate zinc intake* and low serum
zinc (ranging from 30 to 98%) have been reported™®.
Studies among tribal adolescent and non-adolescent
populations have also reported higher prevalence’®.
Tribal health is identified as one of the priority areas
for health interventions in National Health Policy
2017. Malnutrition indicators (underweight, stunting
and wasting) have consistently been reported higher
than national averages in tribal areas. Madhya Pradesh
(MP) is a State with the highest number of tribal
population (21%) in India and Bhil, Gond and Korku
are predominant tribes in some of the districts of this
State. Zinc status or intakes in adolescents in these
tribes are unknown. Therefore, this study was planned
to estimate the magnitude of zinc inadequacy among
adolescent boys and girls of three major tribes (Gond,
Bhil and Korku) of MP.

Material & Methods

Design and settings: Acommunity based cross-sectional
survey was conducted in three purposively selected
districts where Bhil (Jhabua), Korku (Betul) and Gond
(Mandla) tribes are in majority constituting >90 per
cent of district’s population after procuring approval
from the Institutional Human Ethics Committee of
All India Institute of Medical Sciences, Bhopal. Data
collection for this survey was carried out during

December 2015 to April 2016 in Mandla (Gond tribe),
May to August 2016 in Betul (Korku tribe) and October
2017 to February 2018 in Jhabua (BAil tribe).

Participants: This study was conducted among tribal
adolescent boys and girls between 10 and 19 years of
age. All adolescents residing in the selected households
were eligible for participation in the study. Adolescents
who were admitted in hospital or were fasting for any
reason or had not consumed meals at home on the
previous day were excluded.

Sampling and sample size: The required sample size
was calculated separately for each specific objective of
the study by using formula:

n=[(Z*_,, *p>x[1-p])/(d*)] x design effect.

We estimated sample size for this investigation
assuming 15 per cent relative error for 95 per
cent confidence interval (CI) around expected
prevalence of 31.2, 46.6 and 53 per cent, respectively,
for inadequate dietary intake, undernutrition
(body mass index for age <—2SD) and low serum
zinc”™’. Then, it was multiplied by design effect of
2 and non-response rate of 10 per cent. Final sample
sizes required to estimate the prevalence of inadequate
dietary intake of zinc, undernutrition and low serum
zinc were 828, 430 and 328, respectively.

Multistage cluster random sampling was used. In
the first stage, districts were purposively selected based
on percentage of tribal population; then, in the second
stage, two blocks with highest tribal population were
selected, and in third stage, clusters (villages) were
randomly selected. Each cluster was divided in to four
geographic segments considering streets and dwelling
pattern; one segment and first household within each
segment were then randomly selected. Following such
selection, subsequent neighbouring 33 households
were approached for participation. Dietary intake
assessment was conducted for all the participants,
and they were invited for anthropometry and blood
sampling the next morning.

Data collection:

Data collection _instrument: A structured data
collection instrument comprising information about
sociodemographic characteristics, dietary recall, food
frequency, anthropometric and morbidity related
data was developed. This was pilot tested in tribal
villages of Raisen district and was suitably modified.
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After ascertaining eligibility of household, participant
information sheet (PIS) in Hindi was handed over to
participants and written informed consent from parent
and assent from adolescents were obtained. In case of
illiterate parent, consent was obtained in the presence
of a literate witness from the same village.

Dietary intake assessment: Qualified field workers were
recruited and trained for 24 h dietary recall method™.
Field workers collected data about foods cooked during
the last 24 h and raw contents utilized in the preparation
of food. Then, the household member, who cooked
the food, was asked to bring the same amount of raw
material and it was weighted. SECA-852 Diet Portion
Scale (Seca GmbH & Co. KG., Hamburg, Germany)
and cups of various sizes were used for weighing raw
materials. Volume of cooked food was estimated by
using standardized containers of different sizes. Details
about left over food and its utilization, food taken from
outside the home and mid-day meal were also asked.

Anthropometry assessment: Anthropometric
assessment was carried out by SECA Measuring
Station (SECA 786; accuracy+500 g/+0.8%) and
Columns Scale (SECA 224; graduation 1 mm) and
tapes.

Blood sample collection, transportation and serum
zinc estimation: Three millilitre of blood was collected
from antecubital vein into trace element-free collection
tubes (BD Vacutainer 368380). Standard techniques
for collection and avoiding contamination were
adopted, and biomedical waste management practice
was followed by using collection containers (BD
Recykleen Sharps Collector Container, USA) and
coloured waste collection bags. Overnight fasting
blood samples were collected on the subsequent day
of dietary recall, and status of overnight fasting was
noted at the time of sample collection. These samples
were centrifuged at the field within one hour at 2236 g
on a table top centrifuge to obtain serum, which were
transported in a portable carrier box with ice packs
maintaining cold chain (2-8°C). Serum was stored
at —80°C deep freezer until serum zinc analysis was
performed. Serum zinc was estimated using atomic
absorption spectrophotometer (AAS model Varian,
Varian Medical Systems Inc., CA, USA). Standard
curve for serum zinc using commercial zinc atomic
absorption standard solution was used. Each serum
sample was diluted in 0.1N HCI in the ratio 1:10 and
centrifuged to remove any debris. The supernatant was
subject to zinc estimation by AAS using Hallow cathode

lamp (PerkinElmer Inc., Waltham, MA, USA) 213.9
nm wavelength for detecting Zinc. In case of aberrant
sample values, mainly due to blocking of the flame due
to protein debris, the sample tests were repeated. Serum
zinc analysis was performed at two locations: Indian
Institute of Soil Sciences, Bhopal (for samples of Betul
and Jhabua district), and Jawaharlal Nehru Krishi
Vishwa Vidyalaya, Jabalpur (for Mandla).

Statistical analysis: Analysis was performed by using
Microsoft Excel, R version 4.0.3 and SAS® software
(OnDemand for Academics, SAS Institute Inc., Cary,
NC, USA).

Prevalence of inadequate zinc intake: Nutrient
composition tables from Indian Council of Medical
Research (ICMR)-National Institute of Nutrition
(NIN) book ‘Nutritive Value of Indian Foods’ with
updated values as per the Indian Food Composition
Table-2017 were used for calculating nutrient intakes'".
We used the method proposed by Luo ef al'* to adjust
for intraindividual variation for single-day recall
data. External variance ratios for zinc intake were
used from database by French et a/"'*. Adjusted
usual intakes were estimated by using TRANI1 and
DISTRIB macros'>!®. The prevalence of inadequate
dietary zinc was calculated by estimating probability
of having intake below EAR for given age and gender
groups through DISTRIB macro in SAS. Age- and
gender-wise EAR values as recommended by NIN
in its 2020 recommendations"” and IZiINCG'® were
used as nutrient requirements. TRAN1 and DISTRIB
macros generate multiple simulations for usual intake
for an individual based on reported dietary intake
for an individual and external variance ratio. Monte
Carlo simulation of the random effect methods is used
to estimate the distribution of usual intake. It then
computes probability of inadequate intake compared to
EAR by averaging the individual probabilities.

Anthropometric assessment. Data obtained from
anthropometry were analyzed by using WHO
Anthro-PLUS  software. Proportion of stunting
(height for age Z score <—2SD) was calculated.

Prevalence of low serum zinc: It was estimated
by calculating number of adolescents having
serum zinc level less than the cut-off values for
morning non-fasting (66 pg/dl for females and
70 pg/dl for males) and for the fasting samples
(70 pg/dl for females and 74 ug/dl for males)'’.
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Zinc inadequacy is considered a problem of public
health concern when a country has 25 per cent of its
population at risk of inadequate zinc intake based on
data from quantitative dietary assessments, 20 per cent
stunting among preschool children, and >20 per cent
prevalence of low serum zinc concentration'®,

Results

A total of 2310 households were approached for
participation in this study, of which 2224 households
having 5151 adolescents participated. Of these
enlisted adolescents, 4673 responded to dietary
recall (90.7% response rate). Anthropometry of 2437
participants was conducted, and serum zinc was
analyzed in 844 adolescents. Table I presents age- and
sex-wise distribution of study participants among the
three study tribes.

Dietary recall data of 180 participants were
unreliable and excluded from further analysis.
Single-day dietary zinc intakes were adjusted for
intraindividual variation, and Figure 1 depicts
probability density for observed intake and adjusted
usual zinc intake (mg/day). Adjustments were done
by using National Cancer Institute (NCI) one-day
method'* and external variance component, i.e. within
to between individual variance was assumed as
1.3, Change in prevalence with respect to different
variance component assumption was assessed;
the results are shown in Supplementary Figure 1.
Prevalence estimates did not change substantially
for range of variance ratios from 0.5 to 2.1. Table 11
shows the prevalence of inadequacy of dietary intake
and its 95 per cent CI estimated with reference to EAR
values recommended by ICMR and IZiNCG. Phytate
to zinc molar ratio was more than 18 in our dataset
(Supplementary Fig. 2), and therefore, IZINCG EAR
values for unrefined diet were used. The prevalence
of dietary zinc inadequacy (ICMR EAR values) was
found to be 61.1, 61.2 and 72.2 per cent, among Bhil,
Gond and Korku tribes, respectively, while by IZiINCG
EAR values prevalence was 39.5, 36.1 and 51.3 per
cent, respectively (Table II).

Serum zinc analysis was performed on 844 samples,
of which 741 were samples collected after overnight
fasting and 103 were non-fasting samples; Figure 2
presents the distribution of serum zinc stratified by
tribe and gender. The median serum zinc concentration
for Gond and Bhil was less than the suggested lower
cut off (for boys - 70 pg/dl and girls - 66 pg/dl), while
for Korku, it was marginally higher than the suggested

lower cut-off. Recently, modifications in serum zinc cut-
offs based on the national level data for India have been
suggested'®. Table II shows the results by using IZINCG
recommended cut-off as well as modified Indian cut-off
values. Prevalence of low serum zinc was highest among
Bhil (70.2%) followed by Gond (59.9%) and Korku
(36.1%) tribes based on IZiINCG cut-offs. However,
this prevalence was markedly lower when estimated
using modified cut-offs as suggested by Pullakhandam
et al” and was found to be 35.7, 38.7 and 26.9 per
cent, respectively, in Bhil, Gond and Korku tribes.
Distribution of serum zinc in fasting and non-fasting
samples is depicted in Supplementary Figure 3. Fasting
serum zinc values [median (interquartile range) 63.5
pug/dl (51.8, 79.0)] were slightly higher than in non-
fasting state [61.4 ng/dl (48.5, 78.1)].

The prevalence of any stunting among Bhil,
Gond and Korku was 32.9, 24.0 and 29.0 per cent,
respectively (Table II).

Prevalence of dietary zinc inadequacy, stunting
and low serum zinc stratified by sociodemographic
variables: The outcomes of this study were stratified by
age group, sex, family type, type of roof of household
(indicator of socio-economic condition), wealth
index tertiles, drinking water sources and sanitation
practices for exploring any pattern or trend. Evidently
higher probability of dietary zinc inadequacy was
observed in older adolescents (16-19 yr) and boys.
Risk of inadequate dietary zinc was similar across
types of families, wealth tertiles, sources of drinking
water or sanitation practices. In addition, more
dietary inadequacy was observed among Korku tribe
than Gond and then Bhil tribe. However, considering
huge prevalence of dietary zinc inadequacy
(i.e. overall >40%) where every other adolescent was
having inadequacy, trend among these factors needs
to be interpreted with caution. The prevalence of
lower serum zinc was higher in younger adolescents
(10-12 yr) and boys. No specific trend was observed
with respect to other factors (Table II).

Discussion

The present study reports that the tribal adolescents
in MP are at high risk of inadequate dietary intake
of zinc and have high prevalence of low serum zinc.
Physical indicators such as burden of stunting were
also found to be higher in the tribal adolescents.

Alarge scale National Nutrition Monitoring Bureau
(NNMB) study” reported that dietary zinc inadequacy
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Table I. Age and sex-wise distribution of the study population in three tribes
Characteristic Gond (Mandla) Bhil (Jhabua) Korku (Betul)
Overall Boys Girls Overall Boys Girls Overall Boys Girls
(n=1100), (n=515), (n=585), (n=2081), (n=1012), (n=1069), (n=1492), (n=672), (n=820),
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Age (yr), mean+SD  14.6+2.7 144427  14.742.7 14.1+£2.8 14.0£2.8  14.2+2.8 14.5+2.8 14.4£2.7  14.6+2.9
Family type
Nuclear 713 (73.3) 343 (77.3) 370(69.9) 676(32.8) 363 (36.4) 313(29.4) 724 (49.4) 372(56.2) 352 (43.7)
Joint 260 (26.7) 101 (22.7) 159 (30.1) 1383 (67.2) 633 (63.6) 750(70.6) 743 (50.6) 290 (43.8) 453 (56.3)
WI tertiles
First 330(34.0) 145(32.8) 185(35.0) 644 (31.3) 315(31.7) 329(31.0) 476(32.4) 223(33.7) 253 (31.4)
Second 326(33.6) 167 (37.8) 159(30.1) 686 (33.4) 324 (32.6) 362 (34.1) 468 (31.9) 209 (31.6) 259 (32.2)
Third 315(32.4) 130(29.4) 185(35.0) 725(35.3) 355(35.7) 370(34.9) 523(35.7) 230(34.7) 293 (36.4)
Household (roof)
Kachha 932 (95.8) 430 (96.8) 502 (94.9) 1617 (78.5) 791 (79.4) 826(77.7) 1446 (98.6) 651 (98.3) 795 (98.8)
Pucca/Semi-Pucca 41 (42) 14(3.2) 27(5.1) 442(21.5) 205(20.6) 237(22.3) 21(14)  11(1.7) 10(1.2)
D/W source
Improved 791 (71.9) 359 (69.7) 432(73.8) 1714(82.4) 833(82.3) 881 (82.4) 1154 (77.3) 506 (75.3) 648 (79.0)
Sanitation
Improved 133 (13.7) S1(11.5) 82(15.5) 1298 (63.0) 636(63.9) 662 (62.3) 150(10.2) 75(11.3) 75(9.3)
Data on family type, roof, drinking water and sanitation for 127, 22 and 25 participants and for wealth index, data of 129, 26 and 25
participants were missing among Gond, Bhil and Korku tribes, respectively. D/W, drinking water; SD, standard deviation; WI, wealth
index
05 in adolescents boys, which could be attributed to
— Adjusted - Observed their higher requirement of zinc for growth. The
NNMB Study also reported higher age group, higher
household wealth status, access to improved water,
010 better maternal work status and living in better type of
2 houses as predictors of good nutritional status*.
A Most commonly used indicator is nutrient
005 adequacy which is expressed as per cent of intake as
compared to RDA, and some studies have reported
mean percent of adequacy, using cut-off like less than
wl =/ N - 50 per cent RDA. We have estimated probability of
T - % 5 > inadequacy with reference to EAR suggested by the

Zinc intake (mg/day)

Fig. 1. Distribution of observed dietary zinc intake and adjusted
(as per NCI one-day method) usual zinc intake.

in adolescents of 10 Indian States wherein per cent
adequacy (intake relative to recommended dietary
allowance i.e. RDA) was only 10 and seven per cent for
normal and thin adolescents, respectively, indicating
around 90 and three per cent inadequacy of intake.
Similar findings from Rajasthan® and Maharashtra®'
were also reported (30-70%). In this study, higher
probability of dietary zinc inadequacy was observed

ICMR" and IZiNCG'¢. Marked difference in estimates
of zinc inadequacy is observed if these two references
are used since EAR recommended by the ICMR-NIN
is higher.

Recent secondary data analysis of the National
Sample Survey Organization’s food consumption data
reported a prevalence of 24.6 per cent for inadequate
intake of zinc nationally. This is relatively lower than
the prevalence of inadequate zinc intake estimated in
our study among tribal adolescent and the difference
could be due to study population characteristics and/or
different methods* used for estimation.



INDIAN J MED RES, AUGUST 2022

344

dnoin) aAne)NSUO)) UOHRLINN] JUIZ [BUOIIBUIOIU]
‘DDNIZI YOTBISAY [BIIPIIA JO [10UN0)) UBIPU] YINDI Juowoainbar oFeroae poajewniso Y SXOpUl YIBaM ‘TAN {[BAIIUL 0UIPLYUOD D) (1djem SUUuLIp ‘AM\/( “¢S-Sunsej-uou
‘pG-3unse] SIS JUAISI[OPY GG-Funsel-uou 9g-Junseq :sK0q JuadSA[OPVY-(zz07) “7v 72 wepueyye[nd 1od se (1p/31) SPO INO JUIZ WINIdS MO] PIYIPOIA, ‘99-Furjsej-uou
‘0L-3unse} S[I3 JUISO[OPY ‘()L-3unsej-uou /-3unse :SL0q JUISAOPY-DINIZI-([p/S1) SO N0 JUIZ WIS MO, ‘6-S[IS K Q- ‘11-SK0q IK -] L-1K €[-6-SIOIp
paugaiun (Kep/Swr) (DONIZI) YVHA-OUIZg ‘THI-SMHIS 1K §[-9] [9'L[-540q 1K Q[-9[ QTI-S[IS 1K G[-¢] ‘¢p[-sK0q 1K G[-€T ‘¢'8-1K T[-01 YNDI-(Aep/Sw) YvH dulz.

(g6cv19) €s¢  (1'09-615) 9S 99 (4'0€-6'ST) 1'8¢C L9ST (S'St-6'1v) L'cp ($°L9-¥9) 8°59 v'6 T16¢ poaoxdur JoN
(99¢-9°6D) 1'1€  (1'§9-L°€5) 965 L9T  (SE-+'80) L'I€ 19L (€p-T8¢) 901 (€°69-9'09) 679 96 1861 poAoxduy
uonejues
(0s-9ve) €ty (869-9vS)TT9  9ST  (T6T+10) €6T 434 ($'91-8'6€) 1°¢h (T0L-8'€9) L9 $'6 8¢€8 poaoxdur JoN
(9¢-160)9ce  (1'09-LTS) ¥'9S 889  (6'1€-6'LT) 6'6T §S61 (I'vr-6'0v) ST (8°69-L79) €49 ¥'6 §59¢ paaoxduy
22Jn0S M /d
(T8-780) T8e  (SL-€755) T'SH9 68  (£8¢-L'90) S'Te 9T (S¥-6'5) Tov (89-9'65) 8°€9 L6 #0S  BOONJ-IWAG 10 8IINJ
(89¢-109) s¢€  (L'659C9)T9s  tvbL  (6°0€-LT) 6'8T T80T (Svr+'1v) 6T (+'99-v€9) 6'%9 ¥'6 686€ eqyoey]
(Jooi) pjoyesnoyq
(T8-9'LD) 6ce  (£49-€°¢S) 8°8S 10 (Tee-LD) 10g LES OF-1'1¥) S'ev (€69-9'%9) L9 $'6 €961 PIYL
Q0t-L'60) TSE (€961 L'LS 18T  (I'€€-L'97) 6'6C LLL 9v-9'6¢) 1T (6°59-19) +'€9 v'6 08¥1 pu029g
(F6e-8'L0) 9ce  (S09-€8) ¥'vS  0ST  (L0E-THD ¥'LT 1493 (8'¥i-L'6€) €T (€99-€'19) 8°€9 v'6 0S¥1 ISIL]
So[11a) T
(T8-9'60) 6°¢€  (TT9-€TS)L9S  69F  (8'8T-6€0) ¥'9C vizl (6'v-L'0v) 8T (9'99-979) 9'%9 $'6 LOTT TedponN
(6'8€-760) T'v€  (L'T9-9CS) L'LS  v9¢  (TSE-8°67) ST vIT1 (S'vi-s'0v) ST (8'99-€9) 6'+9 v'6 98€¢ Jutof
adKy Ajrwue g
(6'LE-6Dvee  (I'8s-L8W) €S stb  (6'6T-TSD) S'LT €LET (€18-T'LY) T6¥ (8'89-8%9) 8'99 L6 860C skog
(865-70¢) I'SE  (899-€°LS) 1'T9 06 (L'€€-T'8T) 6°0€ 901 (8'8¢-6'7€) 6'9¢ (6'¥9-1'19) €9 T6 S6£T SHID
(86€-90) 60 (5'85-8%) T'ES ove  (L'8T-9C0) L'ST 09L (9°05-8°st) T'8Y (L€8-08) 6'18 €01 6991 61-91
(€T 19 89¢  (S9-6°€S) §°6S 967  (STH-8+€) '8¢ S08 (15-6°'s¥) S'8% (86L-S°SL) 9'LL v'6 Lip1 SI-€1
(€e-€60) €9¢  (969-565) 979  6L1  (£9T-L00) S'€C L8 (I'ze-€L0) L'6T (€€-1'82) 9°0¢ '8 LLET TI-01
dnoi3 o8y
OTe 110697 (€Tr660) 196 Ltz (€TE-LST) 6T 8TL (8°¢5-L8Y) €'1S (SvL-0L) TTL 6'8 L9¥T (Tueg) my.oyy
(€vr-1€9) L8 ($769-€%S) 665 T6T (I'Lz-10 ve ShL (T6e-1°€) 1'9¢ (€9-785) T'19 101 1L6 (e[pueN) puon
(60-5°09) L'se  (I'SL-TSTOL  Ste  (8'5€-6'67) 6T 96 (9 TH-+'LE) S'6€ (T°€9-69) 119 96 $50T (enqeyr) 1yg
(3o1ms1p) oquIL,
(LTI VPE (809-T4S)SLS  v¥8  (80€-T'LT) 6T LEVT (I'vr-T'1v) 9T (T99-+'€9) 8'%9 $'6 cotr [[BI9AQ0
pEIEP SNND U0 Sununys oyejur
Paseq JJo-1md MON JJOIO DONIZI  (u)ouiz 3o (1) %S6) (u) OONIZI-IVA NIV ourz [ensn  (u)
OQ_N wnIas Boﬁ ,wo QQ c\emov ooﬁ®~w>oum anm ooﬁu~m>o.~m oﬁuuaoao.ﬁﬂuﬁ< ovﬂﬁﬁm QEMN Bmﬁ@u—uwﬁw QU Axvmov ooﬁoj@ﬁﬁ& UBIA HQMQ moﬁn_wﬁm\/

SO[qeLIBA [BJUSWIUOIIAUS pue o1ydeISowap-0100s Aq PAYIens dUIZ WNIdS Mo] ‘Sununys ‘dxejur duIz ajenbapeur Jo soud[eadld I1 AqelL




KOTNIS et al: ZINC INADEQUACY AMONG TRIBAL ADOLESCENTS 345

A Distribution of usual dietary zinc intake B Distribution of serum zinc
Gond (Mandla) Gond (Mandla)
Girls Girls
Boys Boys
5 10 15 25 50 75 100 125
Bhil (Jhabua) Bhil (Jhabua)
Girls Girls
Boys Boys{ o omo o
5 10 15 25 50 75 100 125
Korku (Betul) Korku (Betul)
Girls Girls
Boys Boys
5 10 15 25 50 75 100 125
Zinc intake (mg/day) Serum zinc (png/dl)

Fig. 2. Distribution of (A) usual zinc intake, and (B) serum zinc stratified by gender and tribe.

High prevalence of low serum zinc levels was
reported by studies conducted among children,
adolescents and pregnant women in various parts
of India. Prevalence of low serum zinc levels ranges
from 41 to 73 per cent in these reports. Among tribal
adolescents of Jharkhand’, the prevalence was found
to be 53 per cent, and the prevalence was found to
be 49.4 per cent in adolescents of Delhi*. Low serum
zinc in schoolchildren (6-15 yr) has been reported to
be more than 83 per cent in our neighbouring country
Nepal*, and in Cameroon®, the prevalence of low
serum zinc is reported to be 82 per cent in women
(15-49 yr). Comprehensive National Nutrition Survey
(CNNS) 2016-18 provides estimates of serum zinc
deficiency in adolescents®. As per the survey report,
nearly 32 per cent of the adolescents in India and nearly
20 per cent adolescents in MP were found to have low
serum zinc. However, recently modified cut-offs for low
serum zinc were suggested for LMICs because [IZINCG
cut-offs were derived from NHANES datasets and were
four decade older". According to the revised estimates,
the prevalence of low serum zinc among adolescents
was found to be 5.6 per cent for India and 2.2 per cent
for MP". In our study, even after applying modified
cut-offs, every third adolescent was classified as
having low serum zinc. While CNNS is representative

of entire adolescent population, our study included
only tribal adolescents. Serum zinc concentration is
not regarded as very reliable biomarker of one’s zinc
status. It is reported that even when a broad range of
zinc intakes below and above the requirements are
consumed, an individual’s serum zinc concentration is
retained within a relatively small range of values due
to efficient homoeostatic mechanisms. Inflammation,
fasting, pregnancy, oral contraceptive use and diurnal
rhythm are some factors that affect zinc levels in the
blood. Inflammation lowers zinc concentration while
fasting raises it. In addition, biological samples, such
as sample collection tubes, are easily contaminated
with zinc from the environment, while haemolysis of
blood samples increases plasma zinc concentrations?.
Although the standard protocols were followed for
collection and analysis in the present study, there are
inherent issues with respect to use of serum zinc as
biomarker of zinc deficiency as described above.

Intestinal morphology and functions are altered
in conditions such as enteropathy. As it is associated
with environmental factors, it is also known as
environmental enteropathy (EE). This condition is
almost universal in developing countries including
India. EE leads to malabsorption of nutrients including
zinc causing zinc deficiency?’. Because the present
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investigation was conducted in tribal adolescents,
whose macro-environments included rudimentary
household structures (89% of the roofs were made of
natural or rudimentary material), and lacked improved
drinking water and sanitation, there was high likelihood
of EE. This might be one of the reasons for high zinc
deficiency observed in this study population.

We observed that all tribes mainly consumed
cereal-based diet with higher phytate:zinc molar ratios.
It has been reported that when Phy:Zn ratios are more
than 18, then absorbable zinc content in men and
women remain only at 18 and 25 per cent of dietary
intake of zinc®. Burden of inadequate zinc intake,
stunting and low serum zinc was considerably large
even almost at all levels of sociodemographic and
macro-environmental stratifiers.

Risk of zinc deficiency in any population is
considered to be of public health concern when the
prevalence of dietary intake of zinc below EAR
reaches more than 25 per cent, the prevalence of
stunting amongst children below five years of age
goes beyond 20 per cent and the prevalence of low
serum zinc levels is estimated to be more than 20 per
cent'®. All three tribes we covered under the current
investigation had higher prevalence of these indicators
and therefore were of public health concern. We
also report considerable variation in prevalence of
inadequate intake as well as low serum zinc as per
recommendations of the international agencies vis-a-
vis national guidlines.

The 24 h diet recall method has some errors which
may be random or systematic?®. Systematic errors
may be due to inability to recall the number of times
food was consumed, correct amount of raw material
used, collecting such information on non-usual
(festive or fasting) day with respect to diet, language
comprehension, variety of foods used in different
localities, efc. In order to reduce such biases, we
identified qualified (MSc Nutrition or Home Science)
investigators and trained them on study protocols. Our
findings were based on one-day recall, which may not
give a precise estimate and not be representative of
usual intake of zinc for an individual, and may lead
to overestimation of prevalence of the group level.
However, with the use of NCI one day method to
estimate usual intake, marked overestimation is not
expected. In this study estimation of C-reactive protein
was not considered to account for inflammation where
serum zinc concentration may transiently decrease.
This poses a risk of overestimation of prevalence of

low serum zinc; however, this may not amount to a
substantial magnitude.

Zinc deficiency is implicated as a risk factor for
several chronic diseases including chronic depression,
low birth weight, attention-deficit hyperactivity disorder,
and pre-eclampsia®. In this study, we evaluated stunting
as one of the clinical outcomes; however, there was
no linear relationship with serum and dietary zinc
levels. Meta-analysis of zinc supplementation and
its impact on growth found limited improvement in
growth in under five children®'. However, it is known
that micronutrient deficits frequently coexist, thus
supplementing with one nutrient that limits growth is
unlikely to be effective if other elements required for
growth are deficient®?. Thus, for tackling nutritional
inadequacy which is of multifactorial origin and its
chronic consequences, we need to act by formulating
multipronged intervention strategies based on local
evidence.

Overall, this large-scale study has generated evidence
of high prevalence of inadequate dietary zinc intake,
high levels of stunting as well as low serum zinc among
tribal adolescents in MP. The diet of studied tribals of
MP is not varied, and hence, measures to increase dietary
diversity for increasing intake of micronutrients through
public distribution system must be considered. As
plant-based cereals were the main source of zinc in our
study population, measures to increase bioavailability
should be explored. Furthermore, zinc estimation should
be included along with haemoglobin estimation in
national level surveys. Such evaluation of serum zinc
at population level will help in generating evidence
regarding burden of serum zinc deficiency.
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Supplementary Fig. 1. Prevalence of inadequate intake of zinc across range of external variance ratios stratified by gender and tribe.
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Supplementary Fig. 3. Distribution of serum zinc stratified by gender and fasting status.



