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Abstract
Objective: We sought to assess the universal salt iodization (USI) strategy in Armenia
by characterizing dietary iodine intake from naturally occurring iodine, salt-derived
iodine in processed foods and salt-derived iodine in household-prepared foods.
Design: Using a cross-sectional cluster survey model, we collected urine samples
which were analysed for iodine and sodium concentrations (UIC and UNaC) and
household salt samples which were analysed for iodine concentration (SI). SI and
UNaC data were used as explanatory variables in multiple linear regression
analyses with UIC as dependent variable, and the regression parameters were
used to estimate the iodine intake sources attributable to native iodine and iodine
from salt in processed foods and household salt.
Setting: Armenia is naturally iodine deficient; in 2004, the government mandated a
USI strategy.
Subjects: We recruited school-age children (SAC), pregnant women (PW) and
non-pregnant women of reproductive age (WRA).
Results: From thirteen sites covering all provinces, sufficient urine and table salt
samples were obtained from 312 SAC, 311 PW and 332 WRA. Findings revealed
significant differences between groups: contribution of native iodine ranged from
81% in PW to 46% in SAC, while household salt-derived iodine contributed from
19% in SAC to 1% in PW.
Conclusions: Differences between groups may reflect differences in diet. In all
groups, household and processed food salt constituted a significant part of total
iodine intake, highlighting the success and importance of USI in ensuring iodine
sufficiency. There appears to be leeway to reduce salt intake without adversely
affecting the iodine status of the population in Armenia.
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Iodine is critical for the production of thyroid hormones,
which are essential regulators of growth, development and
body metabolism. Iodine is naturally prevalent in seafood,
and in the soil and groundwater of certain regions(1).
Locales that are naturally iodine deficient include land-
locked or mountainous regions where seafood is not
readily available. Historically, iodine deficiency in these
settings has manifested as endemic goitre. In the devel-
oping fetus, severe iodine deficiency can lead to cretinism,
a condition of severely impaired mentation, growth and
development. Mild to moderate iodine deficiency in
pregnancy, however, is also of concern as it can result in

impaired neurocognitive development(2). In children and
adults, iodine deficiency impairs cognition and mental
abilities, and in this way can impact greatly the potential of
an entire community to develop and to prosper(3).

Early research in Armenia identified the country as
iodine deficient using the presence of endemic goitre,
most significantly noted in the southern regions of the
country(4,5). Despite efforts in the early 1990s by the major
domestic salt producer to voluntarily iodize food salt,
deficiency remained prevalent(6,7). To address endemic
iodine deficiency, in 2004 the Government of Armenia
mandated universal salt iodization (USI) at a standard
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concentration of 50± 15mg/kg(6,8). After a survey in 2005
identified excellent household coverage of iodized salt
and a median urinary iodine concentration (UIC) in
school-age children (SAC) of 313 μg/l, somewhat higher
than the upper limit of WHO recommendations, the stan-
dard iodine concentration was reduced to 40±15mg/kg(9).
A follow-up study conducted in 2016 confirmed the
excellent household coverage of iodized salt throughout
the country and excellent iodine status of the population
based on median UIC in SAC, pregnant women (PW) and
non-pregnant women of reproductive age (WRA)(10). No
recent goitre survey has been conducted in the country;
however, established goitre often remains evident espe-
cially in adults even after population iodine status has
been improved and is thus of uncertain value in assessing
changes in iodine nutrition(3).

The USI strategy in Armenia requires iodization of all food-
grade salt produced in, or imported into, the country. Used in
processed food manufacturing or purchased for use in the
household, iodized salt becomes an intrinsic part in the
common diet of the population and provides a major source
of supplemental iodine intake. The intake of iodine from salt
in processed foods and from household salt adds to the
intake from naturally occurring iodine in foods and dietary
liquids (referred to as ‘native iodine’). These three sources of
iodine together should ideally reach a total iodine intake that
meets the nutritional requirements(11).

The goal of the current study was to assess the outcome of
Armenia’s USI strategy and consider whether an adjustment
of the iodized salt standard is needed. We therefore aimed to
quantify the iodine intakes attributable to the three main
dietary sources: native iodine, processed food salt-derived
iodine and household salt-derived iodine. In addition,
quantifying the total salt intake of the population is necessary
so that if recommendations are made regarding changes in
salt iodine content, they can take account of how this will
change the population’s overall iodine economy.

Methods

We conducted a cross-sectional study to measure urinary
and salt iodine concentrations obtained from PW, WRA
and SAC in the context of a national survey of iodine
nutrition(10).

Participant selection
The methods of participant selection have previously been
described(10); in brief, a convenience sample of thirteen
maternity clinics in Armenia were chosen, covering all the
provinces and the capital city of Yerevan (see Fig. 1). At
each site, a local site coordinator obtained verbal consent
from twenty-five to thirty WRA aged 17–49 years from the
clinic staff who then provided casual (spot) urine and table
salt samples from their homes. The local site coordinator

also obtained verbal consent from a convenience group of
twenty-five to thirty PW who received antenatal care at the
clinic, who similarly provided urine and table salt samples.
Approximately 20% of participants were requested to
provide a second spot urine sample at least 24 h after the
initial sample.

In the same community as the clinics, research staff
obtained verbal assent from twenty-five to thirty SAC of a
single 4–6th grade class at a local primary school, who
provided samples of urine and table salt. Twenty per cent
were then requested provide a second urine sample at
least 24 h after the initial sample.

All participants completed a demographic questionnaire.
Inclusion criteria were appropriate age and permanent
residence in their community. Exclusion criteria were
previous thyroidectomy; history of thyroid cancer; use of
iodine-containing medications such as thyroxine and
amiodarone, or use of iodine supplements within the past
60 d (except for the PW group); exposure to iodine-
containing radiologic contrast in the last 60 d; pregnancy
or lactation (except for the PW group); and not having spent
at least 50 of the past 60d in the community(12).

Laboratory analyses
All urine samples were transported from the research sites
to the central laboratory in Yerevan where they were
frozen and stored. Samples were then shipped frozen to
the Boston Medical Center Iodine Research Laboratory.
Salt samples were also transported from the research sites
to the central laboratory in Yerevan where they were
stored dry until being shipped dry to the Boston Medical
Center Iodine Research Laboratory. Urine and salt
samples were then analysed for iodine content via spec-
trophotometry using a Technicon Autoanalyzer (Technicon
Instruments, Inc., Tarrytown, NY, USA), according to a
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modification of the method of Benotti et al.(13). All urine
samples were further analysed for Na content at the central
hospital laboratory of Boston Medical Center using the
Abbott Architect C8000 (Abbott Diagnostics, Lake Forest, IL,
USA). Urine samples of WRA were analysed for creatinine
content at the Boston Medical Center Iodine Research
Laboratory using the Parameter Creatinine assay kit (R&D
Systems, Minneapolis, MN, USA).

Statistical analyses
Raw UIC measurements were used to produce summary
statistics for each group. Values were adjusted via the
Institute of Medicine method, which uses the ratio of the
intra-individual to inter-individual standard deviation for
each group to reduce the effect of individual variability of
the spot urine data. In this way, the adjusted UIC values
more closely resemble the true habitual UIC value for each
individual(14–17). Urinary Na concentration (UNaC) data
were adjusted in the same way as the UIC values.

The method of statistical analysis has been previously
described(18); however, in brief, UNaC and salt iodine con-
centration (SI) were used as independent explanatory vari-
ables in multiple linear regression analyses with the UIC as
the dependent variable. In our analysis, we used the natural
logarithm of UIC to reduce the skew of the UIC distribution,
and therefore the findings from UIC constituent analyses are
geometric mean values. The resulting regression equations
explain the UIC values as a function of the UNaC and SI
values: UIC=A+B×UNaC+C× SI. Setting both UNaC and
SI to 0 as in a situation of no salt intake, UIC equals the
intercept, which is interpreted as the portion of UIC attri-
butable to native iodine intake alone. Setting UNaC in the
equation to the mean group UNaC value while holding SI at
0 provides an estimate for the portion of UIC that is attri-
butable to native iodine plus iodine contained in salt from
processed foods. The difference between this value and the
intercept is interpreted as the contribution of processed food
salt-derived iodine. Lastly, the difference between the total
mean UIC for the group and the UIC estimate from native
and processed food salt contribution is interpreted as the
UIC portion attributable to iodine intake from household
salt. This process was completed separately for the three
different groups.

Raw urinary creatinine (UCr) results for the WRA were
used with the raw UNaC results to provide raw ratios of
UNaC to UCr, which were then adjusted in the same way
as the UIC values. Adjusted ratios were then used to
approximate 24 h Na consumption, using the method and

reference values for German women from Johner et al.(19)

(see Fig. 2 and Table 1).
Data transformation, adjustment and summary statistics

were calculated using Microsoft® Excel 2016. Associations
and pairwise comparisons were investigated using
ANOVA and linear regression with R.

Results

From the thirteen sites in Armenia, urine and table salt
samples were obtained from a total of 1125 participants, of
whom 955 provided sufficient quantity for laboratory ana-
lysis. This total number included 312 SAC (mean age 10·5
years, 45% female), 311 PW (mean age 26·1 years) and 332
WRA (mean age 35·7 years). Repeat urine samples were
obtained from 177 (18·5%) participants. Adjusted median
UIC was 243μg/l for SAC, 227μg/l for PW and 308μg/l for
WRA. Differences between groups were statistically sig-
nificant (P<2·2× 10− 16), but there were no statistically
significant differences across sites. The overall mean SI was
35·5mg/kg, with 93·4% of samples within the national
standard range of 25–55mg/kg. Summary characteristics are
presented in Table 2; further analyses and discussion of
these findings are reported elsewhere(10).

Constituent regression equations are presented in Table 3.
In all three groups, the effects of the UNaC and SI values on
the UIC were statistically highly significant (P<1×10− 13).
UIC portion estimates revealed significant differences
between groups: the estimated native iodine intake was
114 µg/l (46% of the total UIC) in SAC, 185 µg/l (81%) in PW
and 180 µg/l (56%) in WRA. Iodine intake estimates from
household salt were much less, namely 47 µg/l (19%) in
SAC, 2 µg/l (1%) in PW and 43 µg/l (13%) in WRA. However,
the UIC variation explained by the UNaC and SI values was
less than 24% for each model (see Fig. 3).

Urine samples from a total of 332 WRA were of suffi-
cient quantity for analysis of UCr, including forty-five who
provided repeat samples. The adjusted UNaC/UCr ratios
approximate an average 24 h sodium intake of 5·5 g/24 h

UNaC (mmol/l) × 0.02298976 (g/l/mmol/l) × Cr Reference
= Na excretion per 24 h

UCr (mg/dl) 0.088 (mmol/dl/mg/l) 24 h

Fig. 2 Calculation scheme for the estimation of 24 h sodium excretion for a given urine sample from corresponding sodium and
creatinine concentration measurements using the tool of separately established 24 h creatinine reference values (UNaC, spot
urinary sodium concentration; UCr, spot urinary creatinine concentration; Cr Refence, 24 h creatinine reference value; see Table 1).
Adapted from Johner et al.(19)

Table 1 Urinary creatinine reference values
for German women. Adapted from Johner
et al.(19)

Age (years)
Creatinine reference

value (mmol/l)

20–29 11·04
30–39 11·56
40–49 11·96
Average 11·52
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(95% CI 4·7, 6·3 g/24 h). This is equivalent to a salt intake
of 13·9 g/24 h, on the assumption that all Na ingested was
in the form of NaCl(20) (see Table 4 and Fig. 4).

Discussion

The present study examined the constituent analysis esti-
mates of iodine intake among three population groups in

Armenia, considered at risk for adverse outcomes from
iodine insufficiency: SAC, PW and WRA. Median UIC for
SAC and PW are within the WHO range indicative of
adequate iodine nutrition, and that of WRA is slightly
higher, however the importance of this elevation is
unclear(3,21,22). The iodine intake estimate in SAC attrib-
uted to native sources of iodine in the diet accounted for
107 μg/l, minimally above the lower limit of the
most recent WHO recommendation for this age group

Table 2 Summary characteristics of participants according to population group, Armenia, September–November 2016

n or % Median P25–P75 Mean SD

School-age children
Count 312
% Female 45
Adj. UIC (μg/l) 243 202–295
Adj. UNaC (mmol/l) 180·9 51·7
SI (mg/kg) 35·6 7·2
Age (years) 10·5 1·7

Pregnant women
Count 311
Adj. UIC (μg/l) 227 205–246
Adj. UNaC (mmol/l) 150·4 43·0
SI (mg/kg) 35·6 6·1
Age (years) 26·1 7·8
% Supplement* 29

Women of reproductive age
Count 332
Adj. UIC (μg/l) 308 254–372
Adj. UNaC (mmol/l) 166·9 44·2
SI (mg/kg) 36·3 7·5
Age (years) 35·7 14·8
Adj. UNaC/UCr (mol/10 g) 1·816 2·525

P25, 25th percentile; P75, 75th percentile; Adj. UIC, adjusted urinary iodine concentration; Adj. UNaC, adjusted urinary Na concentration; SI, salt iodine
concentration; Adj. UNaC/UCr, adjusted ratio of urinary Na to urinary creatinine (mmol/l/mg/dl).
*Percentage of participants who responded ‘yes’ to survey question asking if participant has taken iodine supplements in the past 60 d or who reported taking a
prenatal vitamin supplement known to contain iodine, out of the total number of participants who responded to that survey question, which had only a 36 %
response rate.

Table 3 Constituent analysis of iodine intake and multivariate linear regression equations according to population group, Armenia,
September–November 2016

Ln(Adj. UIC)= 4·738+ (0·0031×UNaC) + (0·0044×SI)

SAC Intake source n % Model fit

Native 114 46 Adj. R2=0·23
Processed food salt 87 35 P=2·2×10− 16

Household salt 47 19

Ln(Adj. UIC)=5·221+ (0·0013×Adj. UNaC) + (0·000051×SI)

PW Intake source n % Model fit

Native 185 81 Adj. R2=0·21
Processed food salt 40 18 P=2·2×10− 16

Household salt 2 1

Ln(Adj. UIC)=5·193+ (0·0026×Adj. UNaC)+ (0·0029×SI)

WRA Intake source n % Model fit

Native 180 56 Adj. R2=0·17
Processed food salt 97 30 P=1·7×10− 14

Household salt 43 13

SAC, school-age children; PW, pregnant women; WRA, non-pregnant women of reproductive age; Ln(Adj. UIC), natural log of adjusted urinary iodine
concentration (in μg/l); Adj. UNaC, adjusted urinary Na concentration (in mmol/l); SI, salt iodine content (in mg/kg).
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(100–299 μg/l)(21). The contributions from iodine in pro-
cessed food salt and salt used in household food pre-
paration led to an increase in the mean adjusted weighted
UIC of SAC solidly in the range indicative of optimum
iodine nutrition. Of note, these findings are very similar to
those of a 2017 survey of SAC in Georgia, a neighbouring
country similar to Armenia in geography and diet(23).

The findings from analysis of the PW measurements
estimated that the iodine intake from non-salt sources of
iodine accounts for 185 µg/l, which falls moderately above
the lower concentration limit indicative of adequate iodine
nutrition (median UIC of 150–249 μg/l). In this group, the

contribution of iodine from all salt sources is more modest
and responsible for almost 20% of the total intake.

Estimated iodine intake from native sources represented
180 μg/l of the UIC for WRA. The UIC finding for this
group is above the conventional cut-off at 300 μg/l. The Na
excretion estimate of 5·5 g/24 h in WRA is far above the
recommended level of 2 g/24 h, so given the constituent
analysis findings that 44% of their iodine intake is obtained
from iodized food and household salt, the relatively high
iodine intake in this group may be directly related to the
high salt intake. Estimated 24 h Na excretion for SAC was
not calculated because UCr, height and weight measure-
ments were not collected; however, dietary similarities
between WRA and SAC, as well as the constituent analysis
finding that 54% of iodine intake of SAC is obtained from
iodized food and household salt, suggest that the robust
iodine intake in the SAC group may also be related to high
salt intake.

Across all three groups, the component of iodine intake
attributed to salt from processed foods was greater than
that attributed to household salt. This reflects the impact
and success of the USI strategy which concerns both table
salt in the households and salt used in processed foods
prepared outside the home. The iodine from salt intake
used in processed food production includes store-bought
processed foods as well as foods eaten in restaurant meals
and work canteens, and appears to play a significant role
in providing iodine intake to the population.

There are remarkable differences in the estimates for
iodine intake portions between the groups which is most
likely related to different dietary habits. While the findings
of SAC and WRA were broadly comparable and in line
with other survey findings, those of PW were very differ-
ent, with a vast majority of the intake coming from non-salt
sources, and household salt representing less than 1% of
the overall iodine intake. This may partly be associated
with adherence to low-salt diets, as is commonly
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Table 4 Estimates of 24 h urinary sodium excretion (in g/24 h)
among non-pregnant women of reproductive age, Armenia, Sep-
tember–November 2016

P25 Median Mean SD P75
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recommended by clinicians during the prenatal period, or
with use by PW of iodine-containing nutritional supple-
ments which in the current analysis forms part of the
non-salt-derived iodine intake; sample size was too small,
however, to allow for subgroup analysis.

The estimated 24 h Na excretion of 5·5 g is remarkable
for the high level of salt intake in the WRA group.
A nationwide survey of non-communicable disease risk
factors conducted in Armenia in 2016 utilizing the WHO
STEPS methodology found a mean Na intake considerably
lower at 3·3 g/24 h among adult women(24,25). Never-
theless, both these findings are far above the recom-
mended upper limit of 2 g Na/24 h and reflect common
dietary habits high in salt in adult women in Armenia.

Iodine from the dietary salt sources provides important
contributions to the overall iodine intake in the three
groups studied and reflects successful performance of the
USI strategy in Armenia. Importantly, however, native
iodine was the largest contributor towards UIC in all three
groups. The high intake of dietary Na in WRA is consistent
with previous survey findings in Armenia(26) and with the
authors’ expectations. While there is no current strategy to
reduce population salt consumption in Armenia, recent
attention to the burden of non-communicable diseases has
led to significant discussion among the public health
community in Armenia about the effects of high salt intake
on the overall health of the community. The sufficient
level of iodine nutrition in the three groups studied sug-
gests that there is leeway for efforts to reduce salt intake
without adversely affecting the iodine status of the
population while providing potentially other health
benefits.

A major strength of the present study is the inclusion of
the PW and WRA groups along with the traditionally tar-
geted SAC. The most critical times for optimal iodine
nutrition are in utero and the neonatal period, which is
influenced by the iodine status of the mother both
immediately before and during pregnancy(27,28). Further
study strengths include the collection of repeat samples
from approximately one-fifth of participants, allowing for
statistical adjustment of the data to reduce the typical intra-
individual variability inherent in spot urinary iodine and
Na measurements; the large sample size of over 950 par-
ticipants in a country with a population of only 3 million;
geographic stratification with participant recruitments from
every region of the country; and reliability of using a WHO
reference laboratory for the urine sample analyses.

One limitation of the study is that interpretation of the
findings is limited by the fact that multiple linear regres-
sion models accounted for only a small portion of the
overall variance in iodine intake which makes for high
uncertainty of the component estimates, as is apparent by
the low R2 values. Thus, other factors of influence on the
iodine intake of each group remain unaccounted for. In
addition, the study was limited by practical considerations
for the selection of study sites in a non-randomized

fashion: sites were chosen based on which towns in each
region had maternity wards with a sufficient number of
PW to allow full enrolment at the site within one to two
weeks. SAC and WRA were then recruited from these
same sites. Due to this recruitment strategy, the urban and
semi-urban portion of the Armenian population is over-
represented in the study. However, given the overall small
size of the country and high similarity in common dietary
patterns across the country, we consider it unlikely that
this would have a significant impact on the results of
the study.

Despite these limitations, the current study provides
important information on the sources of iodine intake
among the three populations most affected by iodine
deficiency in Armenia, using a method that can be used to
predict how changes in diet and certain health interven-
tions may impact iodine nutrition. In addition, the study
highlights the success and importance of the USI strategy
in ensuring sufficient intake for the entire population.
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