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A meta-analysis combining parallel and cross-over
randomized controlled trials to assess impact of iodine
fortified foods on urinary iodine concentration among
children
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The purpose of this analysis was to combine evidence from parallel and cross-over randomized controlled trials to
assess the impact of iodine fortified foods on urinary iodine concentration (UIC) in children. A structured search
for studies on iodine intervention studies on MEDLINE, Pro Quest, and the Cochrane Library from Jan, 1990 to
Dec, 2012 was carried out. Carry-over effect was estimated by general linear model. We explored two methods to
pool continuous outcomes in a meta-analysis by combining parallel and cross-over trial designs. The standard
mean difference was calculated for net change in UIC. Fixed or random-effects models were used to summaries
fortified food response data. Meta-regression and covariate meta-analysis were performed to explore the influ-
ence of confounders on the net pooled effect on UIC. The overall pooled estimate, which combined parallel with
cross-over trials in the absence of carry-over effect of UIC from 9 studies, showed a significant increase in the
fortified group compared with the control group (n=3448; standard mean difference=2.02 ng/L; 95% CI: 1.30,
2.73; 1>=99%, 12=1.81, p<0.01). Meta-regression analysis indicated that dose of the feeding was positively related
to the effect size (regression coefficient=0.014; 95% CI: 0.003, 0.026; p<0.019). The net pooled effect size after
removing the confounders was 1.59 (95% CI: 0.953, 2.23) pg/L. There was an association between intakes of io-
dine fortified foods and UIC in children. These results suggest that we can combine parallel with cross-over trials

for meta-analysis for nutrients such as iodine when absorption is high.
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INTRODUCTION
Deficiencies of micronutrients such as iodine are a major
public health problem in developing countries. lodine is
an essential nutrient for the synthesis of thyroid hormones,
including thyroxin, that are critical for brain development.
Thyroid hormones are also involved in the regulation of
the basal metabolic rate and in metabolism.? lodine defi-
ciency disorders (IDD) in utero and in early childhood
affect the development of brain and intelligence quotient
(IQ), making it one of the most important preventable
causes of brain damage in the world. The WHO, Interna-
tional Council for the Control of lodine Deficiency Dis-
orders (ICCIDD), and UNICEF recommended daily io-
dine intakes of 90 pg/d for pre-school children, 150 pg/d
for adults, reaching 250 ug/d for pregnant and lactating
women.** Salt iodization is the simplest, least expensive
and most efficient strategy to control and prevent iodine
deficiency.’

An objective biomarker of IDD is UIC, which is an ex-
cellent indicator of recent iodine intake because more
than 90% of dietary iodine is absorbed and, in healthy,

iodine replete adults, 90% is excreted in the urine within
24-48 hours (hrs).>” UICs are usually measured in ran-
dom urine samples because it is difficult to collect 24 hrs
samples in field studies.® Sources of dietary iodine are
iodized salt, saltwater fish, seaweed, and grains.

In recent years robust study design and systematic re-
view and meta-analysis have advanced significantly and
are readily available.® In meta-analysis, combining results
from parallel and cross-over trials, raises the query of bias
originating from the carry-over effect in cross-over trials.
In this paper, we explore the impact of carry-over effect
in cross-over trials when these are merged with parallel
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designs. The present review examines the current evi-
dence for the effect of iodine fortified foods on UIC in
children through systematic review and meta-analysis.
Since we expected heterogeneity among studies, we also
explored whether confounders such as age, duration of
the study, and dose of fortification could predict the effect
of UIC in children.

METHODS

Literature search

The relevant literature was collected as per the PRISMA
(Proffered Reporting Items for Systematic reviews and
Meta-Analysis) guidelines for meta-analysis.’® We
searched MEDLINE, Pro Quest and the Cochrane Library
database from Jan 1990 up to Dec 2012, and reviews and
reference lists of the articles, using keywords ‘food forti-
fication’ paired with ‘iodine’ or ‘UIC’ or ‘dual fortifica-
tion’ or ‘triple fortification’ or ‘multiple micronutrient
fortification’ and ‘fortification trials’.

Selection criteria

The search was regardless of publication status. For in-
clusion, studies needed to meet the following criteria;
‘involve intervention in children, be randomized (RCTS)
or quasi-randomized controlled trials’ with control group,
or before-after studies, reporting changes in urinary io-
dine excretion levels, or multiple interventions with other
micronutrients administered simultaneously, but whose
main outcome measure was the effect on UIC.

Data extraction and quality assessment

The title and abstracts of the studies identified in the web
database search were read and those that were not rele-
vant studies were excluded with reason. To avoid the
publication bias, the remaining full text studies were re-
trieved and only peer-reviewed published studies were
included. The full text of the articles collected were
screened for suitability with an inclusion/exclusion crite-
ria used by a single reviewer with an independent dupli-
cate assessment of second reviewer. Whenever the two
reviewers disagreed, the study was discussed and was
included only if consensus decision was reached. The
extraction of data consisted of obtaining sample size, age,
duration of intervention, dose of fortification, and mean
change and standard deviation of UIC in the intervention
and control groups. The search, data extraction and quali-
ty assessment were completed independently by two con-
tent experts as per the inclusion criteria and confirmed by
using recommended criteria for RCT.*"* Concealment of
allocation was classified as ‘adequate’, “unclear’, ‘inade-
quate’ or ‘not used’, based on randomization, blinding
and reporting of withdrawn subjects. Blinding was classi-
fied as ‘double blinding’ ‘single blinding’ ‘no blinding’
or ‘unclear’. In case of studies that had two or more de-
signs employing different types of intervention groups
(different dose of fortification or administration regimens)
and a single control group, the sample size of the control
group was equally allotted to the number of intervention
groups while retaining the same mean value change and
its SD. In reporting such designs, each intervention group
was analyzed separately. Thus, a few studies contributed
more than one intervention component with a single con-

trol group for the statistical analysis and resulted in great-
er number of trials than the number of studies included.

Statistical analysis

To perform meta-analysis of continuous data, the meta-
analyst needs mean and SD in order to pool the data.*®
The studies included in the analysis reported median and
range of UIC. Considering that the studies included had
different designs viz parallel, pre-post, and cross-over,
three different approaches have been adopted to combine
the results. In the first instance, first ordered cross-over
trials were combined as parallel trials. In the second step,
the general linear model (GLM) technique was used to
assess the carry-over effect between two periods of cross-
over design trials.* The parallel and cross-over trials
were combined for ensuring the removal of carry-over
effect using appropriate statistical procedures (Tables 1 &
2). The effect size, referred to as the standard mean dif-
ference was compiled from the difference in means and
divided by pooled SD among the trials between iodine
fortified and control groups for the included trials. The
overall effect of these trial results was expressed by the
Q-statistic and computed with the assumption of homo-
geneity among the effect sizes and the statistic follows the
chi-square distribution with k-1 degrees of freedom, k
being the number of interventions. For quantifying the
heterogeneity in meta-analysis among the studies, the
variance (1°) between studies, and the parameter 1* were
employed. The overall standard mean difference of these
results was assessed for sampling error (homogeneous,
1°=0). A fixed- effects meta-analysis was applied to ob-
tain the pooled effect size with 95% confidence intervals
or else a random-effects meta-analysis was performed
(heterogeneous, 1° >0).">'® The results of heterogeneity
were represented in the form of a forest plot. The forest
plot also represents the Q-statistic value, t° df, 1%, Z and p
value.

Testing the heterogeneity of the intervention estimate
was based on the Q-statistic for all trials. The exploration
of heterogeneity could be evaluated for (1) within parallel
trials; (2) within cross-over trials; (3) within first order
cross-over trials; (4) combine cross-over first order plus
parallel trials; and (5) for all trial designs. The computa-
tion of a combined design meta-analysis using the ran-
dom effects method was based on the usual approaches.*®

Publication bias was assessed with the funnel plot and
Egger’s regression test using a weighted linear regression
model with standard error as a covariate.” An I° value
more than 50% is considered to indicate significant heter-
ogeneity between trials.*® If heterogeneity existed (I
>50%), a meta-regression was used to test the study het-
erogeneity by relating study characteristics. The con-
founders were identified and a covariate meta-analysis
was performed to estimate the net pooled effect size,
after removing the effect of confounders.

Statistical analyses were performed with Review Man-
ager (Rev Man) software version 5.2, IBM SPSS version
19.0, SAS 9.1.3 (portable free version) and Comprehen-
sive Meta-Analysis (CMA) software trail version (www.
meta-analysis.com).
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Table 1. Cross-over trials statistics

Source Estimator Variance estimator Weight estimator
Sum of average outcome in sequence j Sij = ¥iji + ¥z
Average cross-over difference in sequence j d_i]. = yijl - Yijz
Average sequence difference in period 1 g1 = ¥Yi11 — Vin
Average sequence difference in period 2 g2 = Viz2 — Viiz
Carry-over 4, S = 81— Sz = 8i1 — i V(S)) = Vitg + Vit + Viagr +Vigy + 2c0viq15 + 2c0viz; W(S) =v (S)7
Treatment effect Cros estimator 1 1 1
_ -1
D; = 2 (dj; — djp) = 2 (gi1+ gi2) V(D)= 1("’111 +Virz +Viz1 + Vizz — 2€0V 115 — 2€0Viz13) W(D;) = v (Dy)
Treatment effect First estimator F; = Vi11 — ¥in1 V(F;) = vi11 + Vit W(F;) =v (F))™ !

Source®

Table 2. Meta-analysis estimators for cross-over trials in the presence of carry-over effect

Effect Estimator Description
Cross-over trials only
A _ Z%‘:l W(S;)S; Pooled estimate of carry-over effect
X0 T "ok tarro v
i W(S;)
1 .. + _ ?_1 W(D;)D; Pooled estimate of effect treatment of both periods
- E‘K Yxocros = P
iy W(Dy)
5] v ?_ 1 W(F;F; Pooled estimate of effect treatment of first period
XOFirst = "ok arrpo v
L W(F)
Cross-over and parallel trials
4] v %(:1 W(F;)F; + Z};l W(R)P, Combined estimate from cross-over (first period) and parallel trials
CombiFirst —
£, W(F) + 2K, W(ER)
1 et . ?_1 W(D;)D; + Z}(—1 W(PR)R Combined estimate from cross-over (both period) and parallel trials
T E Ycombicros =

£ WD) + XK, W(R)

Source™
*Meta-analytic carry-over is defined in different ways according to the weights: A= Tkow (Si)?\i/
B i

Ve D WDDA
< ws) - Bt )/zr_

Ve B WDDN
< wo) L 1 /(1

KL W(D) + XX, W(R))
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RESULTS

Search results

A total of 1116 titles and abstracts were identified, of
which 274 appeared potentially relevant. Of these, 209
were collected as full-text articles and assessed for inclu-
sion. Only nine articles fulfilled the inclusion criteria and
these were submitted to meta-analysis (Figure 1).

Study characteristics and data quality

Characteristics of nine studies”?® included in the meta-
analysis are shown in Table 3. All of these were RCTs,
out of which seven were double blind, one was longitudi-
nal and one was a pre and post study. At the baseline, all
trials had similar UIC in intervention and control groups.

A total of 3448 participants (children) of average age
range of 7.0 to 10.5 years, with intervention duration
ranging between 4 to 30 months, with levels of iodine
fortification of 25 to 200 ug, were studied.

Four studies®*??>? of multiple interventions with mul-
tiple micronutrients, each one had more than one trial.
The trial involving deworming with multiple micronutri-
ents fortification was considered as multiple interventions
with multiple micronutrients. In each trial, the number of
participants, mean and SD of UIC were assessed for con-
ducting meta-analysis.

Effects of iodine fortification on UIC
The results indicate that there was no carry-over effect in

Titles and abstracts retrieved from electronic and bibliographies: (n=1116)

¥

relevant

Excluded (n=842);

Titles and abstral:ts were very unlikely to be

text papers: (n=274)

Titles and abstracts that appeared potentially relevant, ordered as full-

Excluded (n=65):

Commentaries (n=31); Reports (n=11);
Reviews (n=23)

k4

Full-text papers assessed for inclusion (n=209)

Papers excluded with reasons (n=200):
Fortification on pregnancy & adults (n=9),
Iodine supplementation (n=36),
Fortification without iodine (n=149), and

Not in English langnage (n=6)

Full-text papers included in Review (n=9)

k4

Included in meta-analysis (n=9)

Figure 1. Flow diagram for inclusion of randomized controlled trials (RCTSs)

Table 3. Summary of prospective controlled trials assessing the effect of iodine fortified foods on mean UIC in chil-

dren

Study Year Stu((:%/o(:]lirrgt)lon Avgsgres)a ge Dose 0{:2;{'; ication Food vehicle Study design
Van Stuijvenberg et al” 1999 12 8.5 67.2 Biscuits RCT/DB
Van Stuijvenberg et al** 2001 30 8.5 60 Biscuits Longitudinal
Zimmermann et al? 2002 9.4 105 200 Meals RCT/DB
Zimmermann et al?® 2004 10 10.5 25 Meals RCT/DB
Kumar et al** 2007 12 9 40 Meals PP
Anderson et al?® 2008 10 10 114 Meals RCT/DB
Kumar et al?® 2009 12 10 42.2 Meals RCT/DB
Lien et al*’ 2009 6 75 37 Milk RCT/DB
Nga et al*® 2009 4 7 35 Biscuits RCT/DB

RCT: randomized controlled trial; DB: double blind; PP: pre-post.
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Table 4. Meta-analytic estimators from trials of iodine fortified food

Estimators Number of trials Pooled effect size 95% ClI 7° (Tau) value
Paralle|?"?1:2425-28 7 2.17 0.96, 3.39 2.65
Cross-over?22% 7 1.86 0.95,2.78 1.50
Cross-over first order?2%? 7 0.92 -0.06, 1.91 1.75
Combine first order®®2 14 1.55 0.78,2.31 2.12
Combine cross-over?*? 14 2.02 1.30,2.73 1.81
Pooled estimates of combined standard mean differences are significant (p<0.01).
Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI

Andersson (2008)_1 268816 117.666 125 248179 115.000 154 7.2% 0.18 [-0.06, 0.41) e

Andersson (2008)_2 419832 190.333 125 274682 134.167 151 7.2% 0.89(0.64, 1.14) e

Andersson (2008)_3 492583 198.333 126 308.085 141500 150 7.2% 1.080.83, 1.34) ==

Kumar (2007) 435079 79166 63 213300 94.167 66 7.0% 2.53(2.06, 2.99) -

Kumar (2009) 432387 80.000 119 191.071 103333 126 7.1% 2.59(2.25,2.94) S

Lien (2009) 38946 15483 150 51.925 26700 143 7.2%  -0.60[-0.83,-0.36) -

Nga (2009)_1 166.739 14.833 118 125521 13750 118 7.1% 2.87(2.51,3.24) ——

Nga (2009)_2 161974 19.333 114 125521 13750 118 7.2% 2.17(1.85,2.50) e

Van Stuijvenberg (1999) 212889 29.333 108 145831 37.500 108 72% 1.98[1.66, 2.31) _—

Van Stuijvenberg (2001)  330.655 117.166 108 23.785 6.500 108 7.1% 3.69(3.24,4.13) E
Zimmemmann (2002) 1  201.82 63.833 183 43902 23833 183 72% 3.27(2.96, 3.59) man
Zimmermann (2002)_2 213168 76.666 184 40874 21167 184 7.2% 3.06 (2.76, 3.36) s
Zimmermann (2004)_1 39568 223166 75 36347 19667 75 7.1% 2.26(1.85, 2.67) sy
Zimmermann (2004)_ 2 508.313 293666 83 24.145 11333 83 7.1% 2.32(1.92,2.1) o
Total (35% Cl) 1681 1767 100.0% 2.02[1.30,2.73) <&

Heterogeneity: Tau? = 1.81; Chi? = 042.47, df = 13 (p < 0.001); I = 99% i 2 5 2 4

Test for overall effect: Z = 5.56 (p < 0.001)

Favours control group Favours foritified group

Figure 2. Forest plot of impact of iodine fortification on standard mean difference in UIC pg/L in comparison with no intervention or
placebo control in children (Combined cross-over plus parallel). Random-effects meta-analysis of standard mean difference with 95% ClI
on UIC with iodine fortified food intervention compared with control group. The size of data markers indicates the weight of each study
in the analysis. Horizontal lines represent 95% CI. Blob indicates best estimate and diamond indicates the pooled estimate of the standard

mean difference.

cross-over trials [i.e. A’=1.378 and A" ~N(0,1)]. Hence, the
parallel and cross-over trials were combined. Table 4 pre-
sents the results of heterogeneity (t) of trials for parallel,
cross-over, combined designs using standard mean differ-
ence. The forest plot indicated that the standard mean
change in UIC was significantly higher in the fortified
group than the control group (N=3448, standard mean
difference=2.02 png/L, 95% CI 1.30, 2.73; 12=99%,
1°=1.81, p<0.001) (Figure 2). There was significant het-
erogeneity in the mean UICs reported in the included tri-
als. Overall statistical results of heterogeneity such as the
Q-statistic (Q=942.47, df=13), 7> more than zero
(1°=1.81); and I? greater than 75% (1°=99%) were higher
than the expected values, indicating heterogeneity among
the trials. Meta-regression analysis performed to detect
the source of heterogeneity indicated that the dose (levels)
of fortification of the intake of foods was positively relat-
ed to the effect size (regression coefficient=0.014, 95%
C10.003, 0.026; p<0.019).

Covariate meta-analysis was performed to eliminate
the effect of the confounder (moderator), dose of fortifi-
cation of the trial. The net effect of fortification on UIC in
children was found to be 1.59 (95% CI 0.953, 2.23) ug/L,
after removal of confounder effect, as compared with the
calculated pooled effect size of 2.02 (95% CI 1.30, 2.73)

ng/L.

Publication bias

The funnel plot (Figure 3) was asymmetrical, indicating
the probable presence of publication bias which was con-
firmed using Egger’s weighted regression analysis (Eg-
ger’s test, p=0.001). This may be due to the fact that the
publications with statistically significant results are more
likely to be submitted and published than the studies with
non-significant results.

DISCUSSION

We have considered the issue of meta-analyses which
combine parallel with cross-over trials in the pres-
ence/absence of carry-over effect.”*> The carry-over
effect, that is the persistence of the effect of a treatment
beyond the period during which it is given, can potential-
ly bias the estimated treatment effect in cross-over trials.
Our meta-analysis has demonstrated that iodine fortified
foods improved UIC in children. The present meta-
analysis of nine studies confirmed the effect of iodine
fortified foods in increasing UIC, which is an effective
biomarker reflecting changes in iodine status.

The present study adopted design by intervention ap-
proaches to verify the impact of interventions of iodine
fortified foods on UIC among the children. This paper
presents two methods to pool treatment estimates from
cross-over and parallel trials with continuous outcomes
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Figure 3. Funnel plot of all individual studies in the meta-analysis. Studies that evaluated the effect of iodine fortification on UIC in chil-
dren were their standard mean difference on the x-axis and the corresponding standard error of the standard mean difference along the y-

axis.

into a combined-design meta-analysis.** The potential
problem in crossover design is that carry-over effects may
bias the direct treatment effects. Carry-over (or residual)
effect is defined as the effect of the treatment from the
previous time period on the response at the current time
period. It occurs when the effect of a treatment given in
the first time period persists into the second period and
distorts the effect of the second treatment. The incorpora-
tion of washout period in the design can diminish the im-
pact of carry-over effects. A washout period should be
long enough to minimize the carry-over effects. The
combination of the two trial designs uses the meta-
analysis formulae based on the weighted average of trial
estimates of treatment effect.

The presence of heterogeneity is an important attribute
of meta-analysis, and can influence the results, which is
tested by the Q-statistic, t° and I>. The analysis showed
that the standard mean difference in UIC (2.02 pg/L) fa-
voured the intervention group, suggesting that the iodine
fortification improved the mean UIC levels of children.
We found the value of Q was more than degrees of free-
dom, indicating the heterogeneity and suggesting that the
variation in the mean change in UIC between intervention
and control groups was due to systematic underlying dif-
ference.'®* Similarly, 7%, also indicated that the variance
of standard mean difference was more than zero, which
confirmed that heterogeneity existed among the trials. A
third measure of heterogeneity, 12, which was derivative
of Q-statistic, was 99% also suggesting heterogeneity
among the trials.*** The significant difference of the
improvement of UIC as reported in forest plot could be
due to different time periods of feeding regimens of io-
dine fortified foods to the children. Increased dose of
feeding of fortified foods might have resulted in higher
levels of UIC. We observed that there was higher hetero-
geneity among the trials as some of the trials did not fit
into the funnel plot. However, Egger’s weighted regres-
sion test suggested that there was a publication bias
(p=0.01).

Since there was heterogeneity among the trials, fixed-
effects meta-analysis could not be performed. We applied

the random-effects meta-analysis. This showed a signifi-
cant impact of iodine fortification on UIC among the
child beneficiaries. Thus, this analysis provided evidence
to combine studies that have carry-over effect. Meta-
regression analysis was also performed to explain the
influence of moderators such as study characteristics like
age, duration of intervention, dose of fortification.*
Among the moderators, the dose of fortification of the
iodine in the trial was the only confounder. This observa-
tion is in line with excretion of iodine in urine, which is a
function of amount of iodine ingested through fortified
salt. The covariate meta-analysis showed that the net ef-
fect of standard mean difference was 1.59 pg/L after
eliminating the effect of confounder. There was publica-
tion bias which is another critical step which can lead to
inflated estimates of efficacy. This bias may be the ten-
dency of journals to accept only strong effects or statisti-
cally significant results, and this may lead to an upward
bias in magnitude of reported results.

In this paper, attempt has been made to combine the
studies from different designs viz., parallel and cross-over.
There was an insignificant carry-over effect and therefore
such studies can be pooled for meta-analysis. In conclu-
sion, present study suggests that iodine fortified foods
significantly impact on UIC in children and efforts should
concentrate on the elimination of IDD in developing
countries.
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