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A B S T R A C T

Aim: The primary aim of this study was to determine the selenium (Se) and iodine (I) food concentrations and
dietary intake of the population living in the Kurdish controlled region of northern Iraq. We also assessed the
extent to which iodised salt contributes to dietary iodine intake.
Methodology: Foods and samples of salt and drinking water were analysed, including 300 crops samples from 40
local farms. The results, supplemented by food composition data, were used to assess dietary Se and I intake for
410 volunteers using a semi-quantitative food questionnaire. To directly investigate the nutritional status of
individuals, urine samples were also collected from participants.
Results: Selenium intake was mainly supplied by protein and cereal sources. Calculated median dietary intake of
Se was 62.7 µg d− 1 (mean = 66.3 µg d− 1) with c. 72 % of participants meeting or exceeding dietary reference
intake recommendations for age. Median dietary intake of I, excluding salt consumption, was 94.6 µg d− 1 (mean
100.2 µg d− 1), increasing to 607.2 µg d− 1 when salt (of which >90 % was iodized) was included. Salt intake was
estimated to be c.13.5 g d− 1 (5400 mg Na d− 1) which greatly exceeds WHO recommended intake (< 2000 mg d− 1

of Na). Urine iodine concentrations indicated that 98 % of school aged children had excessive iodine intake
(≥300 µg L− 1) and 80–90 % of all study participants had above average or excessive iodine intake (≥200 µg L− 1).
Conclusions: Poultry and rice are the main sources of dietary Se to this population but around a third of children
receive an inadequate Se intake. Fresh fruit and vegetables are the main sources of dietary I, but consumption of
local foods cannot supply adequate I without iodised salt supplementation. Consumption of iodized salt well
above recommended amounts is supplying this population with substantial iodine intake. Interventions to reduce
salt intake would help to limit excessive iodine intake whilst also reducing cardio-vascular risks from Na
consumption.

1. Introduction

Iodine (I) and selenium (Se) are essential micronutrients important
for the function of several physiological processes in the body [20].
Iodine is a vital component of thyroid hormones, specifically thyroxine
(T4) and triiodothyronine (T3), and deficiency is a significant global
public health issue [30]. Low dietary intake of I can lead to functional
and developmental abnormalities categorized as iodine deficiency dis-
orders (IDD) of which the most well-known are goitre and mental
retardation [46,47]. However, excessive I intake may result in patho-
logical issues, including hypo- and hyperthyroidism [7]. Selenium is a
critical component of deiodinase enzymes which convert the less active

thyroid hormone T4 into the more active T3 form, it regulates tissue T3
levels and helps to protect thyroid tissue from H2O2 produced as a
by-product of thyroid hormone synthesis. Selenium deficiency therefore
impairs thyroid function and may be important in the onset of IDDs [5,
29]. Selenium also acts as an enzymatic cofactor of glutathione perox-
idase and its deficiency may increase cardiovascular disease and muscle
weakness [8,14].

Many diets include suboptimal concentrations of essential dietary
micronutrients, including I and Se, and assessment of the dietary status
of populations is essential to enable countries to work towards meeting
UN Sustainable Development Goals e.g. ‘Zero Hunger’ (SDG2) and
‘Health and Wellbeing (SDG3) [22]. To address IDDs in their
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populations many countries, including Iraq, encourage the use of
iodized salt [16]. Iodized salt is, however, a major contributor to daily
sodium (Na) intake. The WHO has recommended a Na intake of
<2000 mg d− 1 (equivalent to 5 g salt; [51]). High Na consumption may
predispose individuals to hypertension which has been estimated to

cause 1.65 million cardiovascular-related deaths each year [25,48];
more recent data predicts an increase to 2.2 million and 7 million by
2025 and 2030 respectively [51]. In response to concern over Se defi-
ciency, the use of Se-enriched fertilizers has been adopted in some
countries, most notably Finland [34].

Locally generated food composition data, which would enable the
assessment of I and Se status, are not currently available for many
countries, including Iraq. The aim of this study was therefore to assess
the I and Se status of the Iraqi population, specifically those living in the
mountainous Kurdistan region with objectives;

(i) to determine the I and Se concentration of commonly consumed
foods, collected from local farms, households, or purchased
locally, to provide food composition data relevant to the region,

(ii) undertake a food amount questionnaire (FAQ) to calculate di-
etary intakes alongside collection of urine samples to confirm
survey data,

(iii) establish the role of iodised salt as a source of dietary I for this
population.

2. Material and methods

2.1. Survey of local foods

Vegetable crops, including leafy and non-leafy vegetables and tubers,
were sampled from 40 farms across Sulaimani province in the Kurdistan
Region of Iraq in April-May 2017. A total of 300 samples covering 27
crop species commonly consumed in the Iraqi Kurdish diet were
collected. All samples were weighed, washed in deionised water, oven
dried (50◦C) and then finely ground in an ultra-centrifugal mill (Retsch,
Model ZM200; Germany). Ground samples (c. 0.2 g) were microwave-
digested (Anton Paar, Multiwave) with 68 % HNO3 (Primar plus™

Table 1
Analytical results for certified reference materials.

I Se Na

1573a - Tomato leaves (µg kg− 1) Measured: 840 59.5
Certified: 850a 54.3b

Recovery: 99 % 109 %
1567b-Wheat Flour (µg kg− 1) Measured: 113

Certified: 114
Recovery: 99 %

Seronorm L-1 (µg L− 1) Measured: 90 13.9 2310
Certified: 105c 14.4 2777–2782d

Recovery: 86 % 97 % 83 %
Seronorm L-2 (µg L− 1) Measured: 263

Certified: 297e

Recovery: 89 %

a Non-certified value.
b 95 % confidence interval 54.1–54.5 µg kg− 1.
c 95 % confidence interval 84–126 µg L− 1.
d Approximate value.
e 95% confidence interval 237 - 356 μL-1.

Table 2
Iodine and selenium fresh weight concentrations of locally collected and sourced
foods.

Iodine Selenium

Food items n Mean
(SD)

Median Mean
(SD)

Median

µg kg¡1

FW

µg kg¡1

FW

µg kg¡1

FW

µg kg¡1

FW

Basil Leaf 4 63.0 (8) 62.8 10.9 (2) 11.60
Celery Leaf 20 157

(101)
94.9 59.8 (49) 47.7

Chard Leaf 20 112 (63) 85.5 23.4 (16) 15.0
Cress Leaf 4 77.2 (24) 57.6 13.2 (6) 11.6
Dill Leaf 17 93.5 (53) 76.4 36.1 (21) 32.9
Leek Leaf 16 141 (77) 48.8 31.0 (24) 17.6
Mint Leaf 2 157

(130)
158 16.7 (8)

Parsley Leaf 10 184 (73) 117 35.3 (15) 28.6
Pennyroyal Leaf 1 55.3 12.0
Purslane Leaf 14 83.3 (53) 74.3 6.34 (2) 4.48
Radish
Leaves

Leaf 6 101 (43) 64.7 20.2 (9) 20.7

Spinach Leaf 1 52.7 13.4
Spring Onion Leaf 13 33.9 (23) 28.4 20.3 (10) 18.6
Tarragon Leaf 4 86.7 (64) 86.4 43.0 (33) 38.7
Thyme Leaf 2 31.8 (6) 31.8 12.1 (1)
Courgette Fruit 6 24.4 (19) 16.3 4.43 (2) 3.96
Cucumber Fruit 11 25.0 (10) 9.64 11.4 (14) 4.53
Egg plant Fruit 10 52.2 (36) 42.9 10.1 (13) 3.90
Melon Fruit 2 37.9 37.9 3.26 (3)
Okra Fruit 15 86.3 (34) 82.8 13.1 (12) 8.17
Pepper Fruit 13 72.9 (42) 53.8 10.4 (9) 6.91
Tomato Fruit 8 65.5 (32) 58.2 13.1 (8) 10.7
Watermelon Fruit 4 17.8 (9) 15.7 6.89 (6) 7.10
Cow pea Pod 9 270

(128)
253 44.9 (27) 45.1

Fava Bean Pod 6 84.2 (65) 81.9 13.8 (9) 10.5
Garlic Tuber 1 18.2 67.7
Onion Tuber 5 26.7 (16) 6.64 8.92 (5) 8.43
Radish Root 5 31.0 (2) 11.4 19.7 (22) 7.68
Bread Cereal 50 25.6 (10) 23.0
Rice Cereal 85 14.7 (20) 7.94 115

(100)
94.3

Wheat Cereal 13 12.5 (12) 9.83 49.4 (27) 40.8
Yogurt Dairy 9 52.0 (57) 31.8 10.9 (6) 7.94

Table 3
Literature values of iodine and selenium concentrations in common foods.

Food Category I* Se*,l

µg kg¡1 fw µg kg¡1 fw

Bread Cereal 31.2a,b,c

Spaghetti Cereal 44.4d 121
Bulgur Grain 107c 120
Chickpea Grain 164e 118
Lentil Grain 186c 119
White bean Grain 104c 117
Red meat Protein 115c,d,e 133
Chicken Protein 117a,b,d,f 180
Fish Protein 282c,d,g 403
Egg Protein 398c,d,e,h 219
Fresh fruits Fruit 32.1b,e,i 8.9
Nuts Fruit 172c,d 335
Cheese Dairy 77.1b,c,h,j 58.3
Sugar Additives 57.3c,e 1.0

µg L-1 µg L-1
Cream Dairy 78.5 h,j 16.0
Milk Dairy 120c,d,e,j,k 18.8
Oil Additives 67c,h 0
Tea Beverage 11c 0.308

*uncooked
a[32]
b[4]
c[19]
d[24]
e[26]
f[37]
g[33]
h[9]
i[31]
j[21]
k[15]
l[44]
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grade) for determination of total Se concentration or extracted with 5 %
tetra methyl ammonium hydroxide (TMAH) to determine I concentra-
tion; analysis was by ICP-MS (Thermo Fisher, Model iCAP-Q™),
employing 5 µg L− 1 Ge (acid matrix) or Re (alkaline matrix) as internal
standard.

2.2. Dietary intakes

A semi-quantitative ‘food amount questionnaire’ (FAQ) based on the
regional diet was constructed and included 65 commonly consumed
food items (see Annex 1). Such questionnaires are an efficient and
practical means of collecting dietary information but to be reliable must
be appropriate for the target population and include consideration of
ethnic, social and cultural factors [23]. Our questionnaire was designed
specifically for this population and tested prior to implementation
although it was not formally validated. Healthy participants (n = 406)
from volunteer households (n = 115) were interviewed during
March-April 2017. All members of a family older than 6 years were
included. The questionnaire recorded the frequency and amount of food
purchased, cooked, and eaten by the family. Households were asked
about the quantity of a food bought and the frequence of purchase, how
many times they cooked/ate that food (per day/week/month), the
amount of food cooked for a family meal, the number of family members
eating the food, and the number of months of the year the food was
available. Individual participants were also asked about additional foods
eaten, their iodised salt consumption, whether they took supplements or
had a medical diagnosis of thyroid problems. Estimates of food waste,

arising from peeling vegetables and fruit and from the discarded outer
leaves of leafy vegetables, were used to adjust the reported amounts
from the questionnaire participants. In addition, a seasonal availability
correction was applied by multiplying reported amounts in the ques-
tionnaire by the proportion of the year in which the food was actually
available.

From each household a sample of drinking water (n = 83), rice (n =

85) a widely consumed staple food, and salt (n= 82) were also collected
where possible for determination of I and Se concentrations. Salt I
content was determined in a salt solution (0.4 % w/v) by ICP-MS.
Samples of bread (n = 50) and yoghurt (n = 9) were purchased from
shops in the area and also analysed. Dietary intakes of Se and I were
calculated on the basis of the FAQ using the local food I and Se con-
centrations supplemented by data in food composition tables where
local data was unavailable. The extent to which the population exceeded
recommended intakes and was at risk of inadequate or excessive intake
was calculated using recommended daily amounts (RDA, [47]) and
harmonised-Nutrient Reference Values (h-NRV, [1]) respectively.

2.3. Urine sampling and analysis

Each participant provided a ‘first void’ urine sample on the morning
after the dietary questionnaire was completed. Samples were collected,
transported to the laboratory and frozen (-18◦C) pending analysis. Uri-
nary creatinine was measured (Randox RX-imola) using a colorimetric
method [2]. Correction of measured urinary concentrations for hydra-
tion was tested using both creatinine and osmolality [35]. For example,

Table 4
Calculated mean and median daily iodine and selenium intake in the Iraqi Kurd diet.

Food group Description Consumption Mean I
intake

Median I
intake

Mean Se
intake

Median Se
intake

*mL d¡1 or g
d¡1

µg d¡1 µg d¡1 µg d¡1 µg d¡1

Cereal and
grains

Rice Long and short grain white rice 114 1.63 1.57 12.75 12.31
Bread Naan bread 95.1 2.77 2.49 2.28 2.05
Beans and grains Bulgur, Chickpea, Lentil, White bean 45.25 5.72 4.36 5.35 3.88
Meat and
protein

Red meat Beef, Lamb, Veal 30.9 3.41 2.99 3.95 3.46
Poultry Chicken 91.3 10.20 9.83 15.69 15.12
Fish Freshwater fish 19.3 5.24 2.26 7.48 3.22
Egg Whole egg 24.8 9.81 7.96 5.40 4.38
Fruits and
vegetables

Fresh fruits Apple, Apricot, Banana, Cherry, Date Grape, Grapefruit, Kiwi, Lemon,
Melon, Orange, Peach, Pear, Pomegranate, Watermelon

322 9.88 7.55 2.15 1.68

Leafy vegetables Basil, Celery, Chard, Cress, Dill, Leek, Lettuce. Mint, Parsley, Purslane,
Radish leaves, Spinach, Spring onion, Tarragon

64.2 11.38 6.54 1.35 0.99

Non-leafy
vegetables

Carrot, Courgette, Cowpea, Cucumber, Eggplant, Fava bean, Garlic, Okra,
Onion, Pepper, Potato, Tomato

312 18.84 14.58 3.43 2.76

Nuts and seeds Mixed nuts, Sunflower seed, Walnut 15.47 2.13 1.55 3.93 2.48
Dairy products
Cheese All available cheese 11.3 0.88 0.85 0.66 0.64
Cream Mostly industrially processed 4.08 0.29 0 0.06 0
Milk Mostly industrially processed 37.9 4.60 3.00 0.72 0.47
Yogurt Locally and industrially made 75.5 3.83 3.69 0.80 0.77
Additives and
flavours

Oil Sunflower oil, Corn oil 61.5 2.85 2.35 0 0
Tomato Paste Canned 24.8 1.56 1.57 1.26 1.27
Salt >90 % Iodised salt 13.78 552 508 0 0
Sugar White Sugar 37.1 1.98 1.72 0.03 0.03
Beverages
Water Tap and bottled water 1154 2.40 2.17 0.26 0.23
Tea 282 2.72 2.20 0.07 0.06
Total: Excluding iodised salt 100 94.6 66.3 62.7

Including iodised salt 649 607

* The units of oil, water and tea are mL d− 1.

A.B. Karim et al.
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for creatinine:

UICRT = UI/UCRT (1)

where UICRT is the creatinine corrected urinary I concentration, UI is the
measured urinary iodine concentration (µg L− 1) and UCRT is the corre-
sponding urinary creatinine concentration (g L− 1).

Urinary osmolality was determined by freezing-point depression
(Cryoscopic Osmometer, Model Osmomat 030 series M, [41]). Urine
concentrations were corrected for osmolality by applying a Levine-Fahy
specific gravity adjustment e.g.:

UIOSM = UI× (REFOSM/UOSM) (2)

where UIOSM is the osmolality corrected urinary I concentration, REFOSM
is the median osmolality for all urine samples (674 mOsm kg− 1, n =

410) and UOSM is the osmolality measured in an individual sample
(mOsm kg− 1). Urinary I, Se and Na concentrations were measured by
ICP-MS (0.5 mL of urine diluted with 9.5 mL 1 % TMAH). Urinary I was
classified according to WHO recommendations [50] whereby a UI value
in the range 100–199 µg L− 1 indicates adequate I nutrition with values
of UI ≥300 µg L− 1 classified as excessive iodine intake which may have
negative consequences for health.

2.4. Ethics

Ethical approval for the questionnaire and urine sampling was
granted by both the University of Nottingham, UK (Ethics Reference No
OVS10022017; Feb-2017) and Sulaimani Polytechnic University, Iraq.
Written informed consent was obtained from all adult participants, and
parents or legal guardians on behalf of children, before data collection.

2.5. Quality control

Standard reference materials (National Institute of Standards and

Technology standards NIST 1573a Tomato leaves and NIST 1567b
Wheat Flour) were digested (HNO3) and extracted (TMAH) in triplicate
alongside food and crop samples for quality assurance. Seronorm
certified urine reference materials (designated L-1& L-2) were prepared
and analysed alongside the urine samples for quality control of urine
trace element analysis.

3. Results and discussion

Analytical results and recoveries for the reference standards are
given in Table 1.

3.1. Iodine and selenium concentrations of local foods

Iodine and Se concentrations of local crops are shown in Table 2. The
mean concentration of I for all leafy vegetables was 92 µg kg− 1fw , lower
mean concentrations were found in root and tuber crops, 25.3 µg kg− 1fw ,
and for other fruit and vegetable crops the mean concentration was
74 µg kg− 1fw . The I concentrations of locally grown wheat (n = 13) and
imported rice (n = 85) were 12.5 and 14.7 µg kg− 1fw respectively; rice I
concentrations were generally lower than those of the vegetable crops.
The mean and median drinking water (n = 83) I concentrations were
2.18 and 2.17 µg L− 1 respectively. The mean Se concentrations of leafy
vegetables, roots/tubers, and other fruit and vegetables were 23.1, 32.1
and 13.1 µg kg− 1fw respectively. Unlike I, mean Se concentrations in rice
were typically greater (115 µg kg− 1fw ) than those in vegetable crops;
wheat Se concentrations (49.4 µg kg− 1fw ) were also lower than in rice but
comparable to some vegetable crops, including cow pea, tarragon and
celery. The mean Se concentration of locally sourced bread (n= 50) was
25.6 µg kg− 1fw which is lower than values reported in the literature [3,
19]. The mean and median Se concentrations in drinking water (n= 82)
were 0.308 and 0.255 µg L− 1 respectively.

Table 3 provides information on I and Se concentration in other
common foods from a range of sources (mean value of different
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Fig. 1. Percentage of daily iodine and selenium intake from different food groups: A. Iodine intake excluding salt, B. Iodine intake including salt, C. Selenium intake.
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analysis). The data demonstrates that foods high in protein are richer
sources of Se than cereal crops and vegetables.

3.2. Dietary energy intake

For the study population, cereals and grains, oils, protein sources and
fruits supplied 78 % of daily energy intake (35 %, 20 %, 13 % and 10 %
respectively). Vegetables collectively supplied only 6 % of daily energy
intake although c.60 % of daily food consumption by weight was from
this food group. The mean total daily energy intake according to the
questionnaire responses was 2432 kcal d− 1 per person, which is in line
with the normal range reported by the FAO/WHO of 2000–3000 kcal
d− 1 [17].

3.3. Dietary iodine and selenium intake

The median daily dietary intake of I from all foods, excluding salt
intake, was calculated to be 94.6 µg d− 1 (mean 100.2 µg d− 1) (Table 4).
Vegetables and fruits supplied 48 %, protein sources 29 %, cereal and
grains 10 %, dairy products 9 % andwater 5 % of daily I intake (Fig. 1a).
Low consumption of dairy products in the Kurdish diet resulted in only
9 % of I intake coming from these sources. The daily per capita intake of
salt estimated from the questionnaire was 13.8 g indicating a high level
of consumption. The majority (>90 %) of salt samples collected from
households were iodised with a median I concentration of 43 mg kg− 1

(mean= 40 mg kg− 1, range= 8.4–77 mg kg− 1). This is a typical average
I concentration for iodized salt; the Food and Drug administration of the
USA (USFDA) recommend 46–76 mg kg− 1 [10] and the Iraqi specifica-
tion is 20–80 mg kg− 1 [6]. Including salt consumption, average I intake
increases to 649 µg d− 1, considerably greater than the WHO recom-
mended dietary allowance of 150 µg d− 1 for those aged 13 and above
[47], with salt supplying 84 % of I daily intake (Table 4, Fig. 1b) [47].
Comparison of the percentage of different age groups falling below RDAs
[47] with those at risk of inadequacy or excessive intakes using physi-
ologically based harmonised-Nutrient Reference Values (h-NRV) [18] is
shown in Table 5. In the absence of iodised salt consumption, the data
indicates that 91.1 % of the participants (93.4 % of children) would be
iodine deficient based on the RDA for their age [47]. This decreased to
41.4 % of participants (39.7 % of children) estimated to have inade-
quate intake when based upon the h-NRV average requirement (AR)
(Table 5) defined as the average daily nutrient intake estimated to meet
the requirements of half of healthy individuals in that life stage [1].
When consuming iodised salt 61.6 % of participants (82.6 % of children)
are estimated to be at risk of excessive iodine intake (Table 5) because
they exceed the upper level, the nutrient intake that is likely to pose no
risk of adverse health effects [1].

Median total daily intake of Se for adults, according to the ques-
tionnaire, was 62.7 µg d− 1 (range = 24–166 µg d− 1; mean= 66.3 µg
d− 1). These figures exceed the recommended dietary intake value of
55 µg d− 1 for those aged 14–50 years [12] (Table 4), but 28.1 % of
participants had a Se intake below the RDA for their age. Protein sources
and cereals supplied c.78 % of daily intake (48 and 30 % respectively).
Other contributions included fruit and vegetables (10 %), nuts (8 %) and
dairy products (3 %); the contribution from drinking water (0.05 %) was
negligible (Fig. 1c). The percentage of the population deemed to be at
risk of inadequate Se intake decreased to 9.1 % of participants (4.1 % of
children) when the h-NRV AR was considered (Table 5). No participants
exceeded the h-NRV UL for Se [1].

3.4. Urinary iodine

A good correlation (r = 0.70, p <0.0001) was observed between
urinary creatinine (UCRT) and osmolality (UOSM) (Fig. 2a) and the
adjusted urinary I concentrations, UICRT and UIOSM, (r = 0.62; p
<0.0001) (Fig. 2b). Mean and median values of UICRT (µg g− 1) for all
participants were 417 and 379 µg L− 1 respectively (rangeTa
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Fig. 2. A. Correlation of urine creatinine (UCRT) and osmolality (UOSM) values, B. Correlation of UI for both correction methods (creatinine and osmolality), C.
Correlation of uncorrected UI and creatinine corrected values (UICRT), D. Correlation of uncorrected UI and osmolality corrected values (UIOSM), E. Correlation
between creatinine corrected urinary iodine (UICRT) and sodium creatinine (UNaCRT) corrected values F. Correlation between osmolality corrected urinary iodine
(UIOSM) and sodium osmolality (UNaOSM) corrected values.

A.B. Karim et al.



Journal of Trace Elements in Medicine and Biology 85 (2024) 127495

7

58–1380 µg L− 1; n = 410), slightly lower than equivalent values for
UIOSM of 470 and 424 µg L− 1 respectively (range 71–1990 µg L− 1; n=
410) (Table 6). School-age children typically had the greatest UI and
participants >60 years old had the lowest UI (Table 6). According to the
WHO classification a UI value in the range 100–199 µg L− 1 indicates
adequate I nutrition with values of UI ≥300 µg L− 1 classified as exces-
sive iodine intake which may result in consequences for health [50].
Based upon these guidelines c. 98 % of school-age children had I intakes
that were above requirements or excessive, 2 % had an adequate intake
and none had an inadequate intake (Table 7). Only < 13 % of all par-
ticipants had UI in the adequate range with 80–90 % (depending upon
correction method applied) classed as having intakes that were above
requirements or excessive. Considering all the age groups, 55 % of
participants had I intakes classed as excessive (Table 7).

3.5. Urinary selenium

The mean and median creatinine-adjusted urinary Se concentrations
(USeCRT) for all participants were 21.2 and 19.7 µg g− 1 respectively;
equivalent osmolality-adjusted values (USeOSM) were 24.8 and

23.2 µg L− 1 respectively. The USeCRT of school age children was signif-
icantly greater than other age groups (p < 0.0001) while there was not
any significant difference in this value between all other age groups (p
>0.9); values of USeOSM varied between age groups (Table 8).

A correlation was observed between UIOSM and USeOSM (p<0.0001; r
= 0.50) (Fig. 3) but not when concentrations of I and Se were adjusted
using creatinine. Thomson et al. [43] found a similar correlation be-
tween osmolality adjusted urinary I and Se when they analysed both
spot samples and 24 hr urine samples from 62 adults, but this was also
absent when data were creatinine-adjusted.

A limitation of our study is that urinary Se is not the recommended
biomarker for assessing Se status, the approved marker is plasma or
serum Se, however a strong correlation has been observed between
urinary Se and daily dietary Se intake [27,40]. Doubling measured 24 h
urinary excreted Se has been shown to give a reasonable estimation of Se
intake, which may be more accurate than food recording approaches
[39,43]. Using this approach the estimated dietary Se intake in this
study was 59.4 µg d− 1 which is in line with recommended levels of Se
intake (55 µg d− 1 for ages 14–50) but less than both the mean (66.3 µg
d− 1) and median (62.7 µg d− 1) Se intakes estimated from the dietary
questionnaire. Hurst et al. [27], in a study of dietary Se in a Malawian
population, observed a linear relationship between Se dietary intake
(SeDI, mg d− 1) and USeCRT (µg L− 1) where USeCRT= 7.8+ (318 x SeDI), r2

= 0.5707, P < 0.0001. Estimated SeDI in this study using their equation
was 42 µg d− 1 when all participants were considered; this is lower than
both the recommended dietary intake values (55 µg d− 1 for those aged
14–50 and 45 µg d− 1 for those aged 51 and above, [12]) and the mean
and median dietary intake estimated from the questionnaire, suggesting

Table 6
Summary of corrected urinary iodine concentration (UI) by age group.

Age group Population UICRT UIOSM

Mean (SD) Median Mean (SD) Median
% µg L¡1 µg L¡1 µg L¡1 µg L¡1

6–14 20.3 565 (250) 503 533 (268) 469
15–24 18.1 370 (200) 331 522 (256) 480
25–39 29.8 393 (189) 363 470 (209) 434
40–60 18.1 418 (204) 390 446 (205) 394
≥ 60 13.7 351 (173) 320 344 (139) 312
All 100 417 (221) 379 470 (233) 424

Table 7
Iodine intake status based on measured, corrected urinary iodine concentration
(UI) and WHO classification for each age group.

Percentage (%)

Age (yr) UI (µg
L¡1):

< 100 100–199 200–299 ≥ 300

Insufficient Adequate Above
Requirements

Excessive

Creatinine Corrected:
6–14 0 3.4 4.5 92.1
15–24 5.1 12.8 26.9 55.1
25–39 0.8 12.6 22.0 64.7
40–59 0 11.4 16.5 72.2
≥60 3.7 7.4 33.3 55.6

Osmolality Corrected:
6–14 0 1.1 12.4 86.5
15–24 1.3 6.6 7.9 84.2
25–39 0 4.7 18.1 77.2
40–59 0 6.4 14.1 79.5
≥60 3.7 3.7 37.0 55.6

Table 8
Summary of corrected urinary selenium concentration (USe) by age group.

Age group Population USeCRT USeOSM

Mean (SD) Median Mean (SD) Median
% µg L¡1 µg L¡1 µg L¡1 µg L¡1

6–14 20.3 28.8 (9) 27.5 27.4 (11) 24.6
15–24 18.1 19.3 (8) 18.4 28.3 (9) 27.0
25–39 29.8 19.8 (6) 18.3 24.6 (9) 23.3
40–60 18.1 19.2 (6) 17.3 21.4 (8) 19.8
≥ 60 13.7 18.8 (4) 18.2 19.1 (7) 18.4
All 100 21.2 (7) 19.7 24.8 (10) 23.2
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Fig. 3. Correlation between osmolarity corrected urinary iodine (UIOSM) and
selenium (USeOSM).

Table 9
Summary of corrected urinary sodium concentration (UNa; mmol per gram of
creatinine) by age group.

Age
group

Population UNaCRT UNaOSM

Mean
(SD)

Median Mean
(SD)

Median

% mmol g¡1 mmol
g¡1

mmol g¡1 mmol
g¡1

6–14 20.3 193 (96) 186 167 (54) 170
15–24 18.1 110 (70) 92 144 (51) 138
25–39 29.8 145 (86) 130 159 (49) 158
40–60 18.1 174 (88) 168 172 (48) 184
≥ 60 13.7 167 (83) 146 154 (45) 161
All 100 158 (107) 136 161 (60) 160

A.B. Karim et al.



Journal of Trace Elements in Medicine and Biology 85 (2024) 127495

8

59–76 % of participants had a Se intake below the recommended value.

3.6. Urinary sodium

Urinary Na concentrations (UNa; mmol g− 1 of creatinine) were
determined and adjusted using measured creatinine or osmolality
(Table 9). The normal range for urinary Na excretion rate is
40–220 mmol d− 1 [11]. The mean concentration of UNa in this study
was c.160 mmol L− 1 (3680 mg L− 1). Normal urinary excretion volume
varies; for example, studies in Mexico (n=711), Morocco (n=119) and
South Korea (n=242) found average urine volumes of 1.56, 1.12 and
1.7 L respectively [11,28,45]. Assuming a total daily urine volume of
1.4 L suggests that the daily Na excretion in the current study was
224 mmol L− 1, slightly exceeding the high end of the normal range.

3.7. Relationship between urinary iodine and sodium

A significant correlation between UI and UNa was observed when all
participants were considered (Fig. 2e & 2 f). Significant correlations
were also observed for all age groups (Fig. 4). Du et al. [13] reported that
salt is the major source of dietary sodium with only 6.8 % of sodium
originating from processed foods, which are uncommon in Iraq. The
correlation between UICRT and UNaCRT (Fig. 2e) supports the suggestion
that iodized salt consumption is the main source of I for this population.
If correct, then daily I intake calculated from UNa might be expected to
correlate with intake calculated from measured UI; Fig. 5 confirms such
a correlation and implies that estimation of I intake from UNa may be an
acceptable approach for populations where I intake is mainly from
iodized salt.

Calculating iodine intake from UNa for all participants in this study
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Fig. 4. Correlation between creatinine corrected urinary sodium and iodine for participants in different age groups.
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on the basis that I intake arises from their individual household iodized
salt consumption, average I intake is estimated to be 604 µg d− 1

assuming a urine excretion of 1.4 L over 24 h and 15 % non-renal Na loss
[11]. This compares well with values calculated from the dietary ques-
tionnaire (649 µg d− 1) and from UI (689 µg d− 1).

Salt consumption estimated from UNa (160 mmol L− 1) considering
all Na as NaCl [36], 15 % non-renal Na loss and a 24 h urine excretion
volume of 1.4 L gives a calculated Na intake of 263 mmol d− 1 (6044 mg
d− 1) which equates to 15.3 g d− 1 salt intake. This amount is only slightly
higher than estimated daily salt intake from the questionnaire (13.8 g
d− 1) probably because of other sources of Na in the diet alongside salt.
The estimated Na intake of participants in this study was substantially
greater than the WHO-recommended salt intake of 5 g d− 1 which may
predispose the study population to diseases related to high Na intake
such as hypertension and kidney disease [38,49]. The WHO report
estimated mean global Na intake in 2019 as 4310 mg d− 1 (10.78 g
d− 1salt) [51],

more than double the recommended level. The same report provides
an estimated Na intake for Iraq of 2520 mg d− 1 (6.4 g d− 1 salt), which is
significantly lower than the current study [51]. However, salt intake
reported in the current study is comparable to values reported for other
countries in the region which share similar diets and culinary practices.
For example, Turkey, Iran and Kuwait have reported dietary salt intakes
of 15, 10.6 and 8.8 g d− 1; the UK, US and France have intakes of 8.1, 8.8
and 8.4 g d− 1 with the lowest reported salt intakes in Cyprus and
Malaysia of 5.0 and 6.4 g d− 1 respectively [42].

4. Conclusions

Findings from the dietary questionnaire indicate that Se intake in this
population is mainly from protein and cereal sources and is broadly in
line with dietary intake recommendations with c. 71.9 % of the popu-
lation reaching or exceeding this intake level. The percentage of the
population at risk of inadequate Se intake was between 9.1 % and
28.1 % depending upon which dietary intake values are used. Urinary Se
concentrations broadly confirmed this observation but further confir-
mation using blood serum, the approved biomarker, may be prudent.

Iodized salt was the main source of I in the diet of this population. In
the absence of salt, locally grown or sourced food typically supplied
100 µg d− 1 of iodine which suggests that at least 90 % of the participants
would be below WHO intakes for age [47]. Results of a household food

questionnaire together with measured UI, and a strong correlation be-
tween UI and UNa, all suggest a daily iodine intake well above re-
quirements (c.600 µg d− 1) due to high consumption of salt.
Consumption of iodized salt increased daily I intake to 649 µg d− 1

supplying 84 % of total dietary I intake from an estimated intake of c.
13.5 g d− 1 of iodized salt which is significantly greater than recent WHO
estimates of 6.4 g d− 1 salt (2520 mg d− 1 Na) [51]. In total 61.6 % of the
participants and 82.6 % of children appear to be at risk of long-term
adverse health effects due to excessive iodine intake. Urine iodine
measurements confirmed this indicating that 98 % of school aged chil-
dren had excessive iodine intake (≥300 µg L− 1) and, overall, 80–90 % of
study participants had above average or excessive iodine intakes
(≥200 µg L− 1) WHO [50].

These findings suggest that policies to reduce salt intake within the
study population should be considered to reduce the risks of cardio-
vascular disease and bring dietary iodine intake down to recom-
mended levels. These findings may also be relevant in other regions
where dietary habits are culturally similar to the Kurdish region of
northern Iraq. The current study also suggests that urinary Na concen-
tration could represent an acceptable biomarker to estimate dietary I
and salt intake in populations where the principal source of I and Na is
iodized salt.
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(2017) 207–211, https://doi.org/10.1016/j.nupar.2017.07.001.

[12] DRI (2000). Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and
Carotenoids. Institute of Medicine, Washington, D.C. https://www.ncbi.nlm.nih.
gov/books/NBK225483/.

[13] S. Du, C. Batis, H. Wang, B. Zhang, J. Zhang, B.M. Popkin, Understanding the
patterns and trends of sodium intake, potassium intake, and sodium to potassium
ratio and their effect on hypertension in China, Am. J. Clin. Nutr. 99 (2014)
334–343. 〈https://pubmed.ncbi.nlm.nih.gov/24257724/〉.

[14] L.H. Duntas, G. Brenta, A renewed focus on the association between thyroid
hormines and lipid metabolism, Front. Endocrinol. 9 (2018) 1–10, https://doi.org/
10.3389/fendo.2018.00511.

[15] Dussault, J.H. (1993). Iodine Intake in Canada. In Iodine Deficiency in Europe: A
Continuing Concern (F. Delange, J. T. Dunn and D. Glinoer, eds.), pp. 131-131.
Springer US, Boston, MA.

[16] S.M. Ebrahim, N.K. Muhammed, Consumption of iodized salt among households of
Basra city, south Iraq, East. Mediterr. Health J. 18 (9) (2012) 980–984. 〈https://a
pps.who.int/iris/handle/10665/118523〉.

[17] FAO (2001). Human energy requirements. Report of a Joint FAO/WHO/UNU
Expert Consultation, Rome https://www.fao.org/3/y5686e/y5686e.pdf.

[18] F.P. Phiri, E.L. Ander, R.M. Lark, E.H. Bailey, B. Chilima, J. Gondwe, E.M.J. Joy, A.
A. Kalimbira, J.C. Phuka, P.S. Suchdev, D.R.S. Middleton, E.M. Hamilton, M.
J. Watts, S.D. Young, M.R. Broadley, Urine selenium concentration is a useful
biomarker for assessing population level selenium status, Environ. Int. 134 (2020)
105218, https://doi.org/10.1016/j.envint.2019.105218.

[19] Fordyce, F.M. (2003). Database of the Iodine Content of Food and Diet Populated
with Data From Published Literature, Rep. No. Commissioned Report CR/03/84N.
British Geological Survey, Nottingham, UK. 〈https://nora.nerc.ac.uk/id/eprint
/8354/〉.

[20] F.M. Fordyce, C.C. Johnson, U.R.B. Navaratna, J.D. Appleton, C.B. Dissanayake,
Selenium and iodine in soil, rice and drinking water in relation to endemic goitre in
Sri Lanka, Sci. Total Environ. 263 (2000) 127–141. 〈https://pubmed.ncbi.nlm.nih.
gov/11194147/〉.

[21] H.E. Larsen, P. Knuthsen, M. Hansen, Seasonal and regional variations of iodine in
Danish dairy products determined by inductively coupled plasma mass
spectrometry, J. Anal. At. Spectrom. 14 (1999) 41–44. 〈https://pubs.rsc.org/en
/content/articlehtml/1999/ja/a806642f〉.

[22] Global Sustainable Development Report (2023). Times of crisis, times of change:
Science for accelerating transformations to sustainable development, (United
Nations, New York, 2023). 〈https://sdgs.un.org/sites/default/files/2023-
09/FINAL%20GSDR%202023-Digital%20-110923_1.pdf〉.

[23] Y.N. Hafizah, L.C. Ang, F. Yap, W.N. Najwa, W.L. Cheah, A.T. Ruzita, F.
A. Jumuddin, D. Koh, J.A.C. Lee, C.A. Essau, S. Reeves, C. Summerbell, E.L. Gibson,
B.K. Poh, Validity and reliability of a food frequency questionnaire (FFQ) to assess
dietary intake of preschool children, Int. J. Environ. Res. Public Health 16 (23)
(2019) 4722, https://doi.org/10.3390/ijerph16234722.

[24] M. Haldimann, A. Alt, A. Blanc, K. Blondeau, Iodine content of food groups, J. Food
Compos. Anal. 18 (2005) 461–471. 〈https://www.sciencedirect.com/science/
article/abs/pii/S0889157504001085〉.

[25] F.J. He, G.A. MacGregor, Salt, blood pressure and cardiovascular disease, Curr.
Opin. Cardiol. 22 (2007) 298–305. 〈https://pubmed.ncbi.nlm.nih.gov/17
556881/〉.

[26] X. Hou, C. Chai, Q. Qian, G. Liu, Y. Zhang, K. Wang, The study of iodine in Chinese
total diets, Sci. Total Environ. 193 (1997) 161–167. 〈https://pubmed.ncbi.nlm.nih.
gov/9092075/〉.

[27] R. Hurst, E.W. Siyame, S.D. Young, A.D. Chilimba, E.J.M. Joy, C.R. Black, E.
L. Ander, M.J. Watts, B. Chilima, J. Gondwe, D. Kang’ombe, A.J. Stein, S.
J. Fairweather-Tait, R.S. Gibson, A.A. Kalimbira, M.R. Broadley, Soil-type
influences human selenium status and underlies widespread selenium deficiency
risks in Malawi, Sci. Rep. 3 (2013) 1425. 〈https://www.nature.com/articles/srep
01425〉.

[28] Y.C. Kim, H.S. Koo, S. Kim, H.J. Chin, Estimation of daily salt intake through a 24-
hour urine collection in Pohang, Korea, J. Korean Med. Sci. 29 (2014) S87–S90.
〈https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4194289/〉.

[29] J. Kohrle, Selenium, iodine and iron–essential trace elements for thyroid hormone
synthesis and metabolism, Int. J. Mol. 24 (4) (2023) 3393, https://doi.org/
10.3390/ijms24043393.
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