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Abstract 

Background  Mineral deficiencies are significant public health concerns worldwide, contributing to the develop-
ment and progression of non-communicable diseases (NCDs). We evaluated longitudinal adequacy of mineral intakes 
among Iranian adults.

Methods  Adult (aged ≥ 18) participants were included in the repeated cross-sectional analysis from 2006–2008 
to 2018–2022. Dietary intake was assessed using a validated Food Frequency Questionnaire (FFQ). Adequacy of min-
erals intake, including calcium, iron, magnesium, zinc, copper, manganese, selenium, and chromium, were evaluated 
against the European Society for Clinical Nutrition and Metabolism (ESPEN) guidelines. Longitudinal trends of mineral 
intakes were evaluated using repeated measures analysis of variance in a cohort of 4384 participants (42% men; mean 
age 40.8 ± 12.8 years).

Results  Calcium inadequacy increased markedly from 39.6% in 2006–2008 to 68.6% in 2018–2022, with higher 
rates among women (74.1%) and older adults (75.0%). Iron inadequacy, mainly affecting women, increased 
from 14.5 to 39.1% over the same period. Although magnesium inadequacy remained high overall, it reached 34.2% 
in 2018–2022. In contrast, manganese intake was rarely inadequate. Zinc, copper, selenium, and chromium inadequa-
cies showed fluctuations, but mean levels were generally closer to recommended values despite notable gender 
disparities.

Conclusions  The study indicates significant and worsening mineral intake inadequacies among Iranian adults, 
particularly for calcium and iron. Further long-term studies are needed to guide interventions, such as dietary educa-
tion, food fortification, and policy measures aimed at improving micronutrient intake across diverse age and gender 
groups.
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Introduction
Mineral deficiencies remain a significant public health 
challenge worldwide, often stemming from poor dietary 
intake, low nutrient bioavailability, or increased physi-
ological demands [1–3]. Key minerals—such as calcium, 
iron, magnesium, zinc, copper, selenium, and chro-
mium—are essential for myriad biological processes, 
including bone health, neuromuscular function, oxy-
gen transport, energy metabolism, enzymatic reactions, 
immune function, wound healing, antioxidant defense, 
thyroid function, and insulin action [4–11]. Inadequate 
intake of these micronutrients can lead to serious health 
complications, ranging from anemia and osteoporosis to 
immune dysfunction and metabolic disorders.

Despite their importance, many populations includ-
ing those in developing countries are experiencing a shift 
away from traditional, nutrient-rich diets toward more 
processed, calorie-dense foods. In Iran, for instance, ris-
ing urbanization and changes in food preferences have 
contributed to a nutrition transition in which refined car-
bohydrates, fats, and sugars are displacing micronutrient-
rich foods [12, 13]. Additionally, lifestyle factors such as 
tobacco use, consumption of high-fat or high-sugar diets, 
reduced physical activity, and harmful alcohol consump-
tion further compound the risk of nutrient inadequacies 
[14, 15]. Socioeconomic constraints can exacerbate this 
situation, as individuals of lower income may be forced 
to rely on less expensive, energy-dense foods rather than 
higher-quality, nutrient-rich options [16, 17]. Together, 
these developments intensify the likelihood of mineral 
deficiencies across various demographic groups.

Mineral inadequacies can also contribute to the burden 
of non-communicable diseases (NCDs), including cardi-
ovascular diseases, diabetes, osteoporosis, and hyperten-
sion [18]. NCDs currently account for 74% of all deaths 
globally, with a particularly rapid rise in developing coun-
tries [19]. Nutritional factors, notably micronutrient sta-
tus, play a pivotal role in both the onset and progression 
of these chronic conditions [20, 21].

The European Society for Clinical Nutrition and 
Metabolism (ESPEN) has developed comprehensive 
guidelines that provide evidence-based recommenda-
tions for nutrient intake, particularly focusing on clini-
cal nutrition and metabolism in adults. The ESPEN 
guidelines are widely recognized and offer a standard-
ized framework for evaluating dietary intake against 
established reference values [22]. These guidelines allow 
for a consistent assessment of mineral intake adequacy, 
facilitating comparisons across different populations and 
studies.

The Tehran Lipid and Glucose Study (TLGS), a large-
scale prospective cohort study investigating risk fac-
tors for NCDs among Tehran’s urban population, offers 

a unique opportunity to evaluate dietary patterns and 
nutrient intake over time in a representative sample [23]. 
While previous phases have focused on various health 
outcomes, there is a lack of data specifically addressing 
trends in mineral intake and their adequacy relative to 
dietary recommendations. Addressing this gap, our study 
evaluates the adequacy of dietary mineral intake among 
adult TLGS participants from 2006 to 2022. By analyzing 
data across multiple phases and following participants 
over time, we aim to determine the prevalence of inade-
quate intake of key minerals— calcium, iron, magnesium, 
zinc, copper, manganese, selenium, and chromium—
based on the ESPEN guidelines. Understanding these 
patterns is essential for developing effective nutritional 
interventions and public health policies. In Iran, there 
has been limited large-scale investigation into long-term 
trends in mineral intake. One notable national endeavor 
was the National Integrated Micronutrient Survey II 
(NIMS-II) (2011–2015), which focused on the status of 
iron, zinc, and vitamins A and D through direct meas-
ures of blood levels and anthropometric indexes [24]. 
Although valuable, NIMS-II did not fully capture longi-
tudinal patterns of other minerals, such as calcium, mag-
nesium, copper, selenium, manganese, or chromium, nor 
did it examine long-term dietary trends in detail. There-
fore, the primary objective of this study was to evaluate 
the adequacy of dietary mineral intakes among Iranian 
adults using both cross-sectional (Phases 3–7) and lon-
gitudinal analyses within the Tehran Lipid and Glucose 
Study (TLGS). By examining 16 years of data (2006–
2022), we aimed to identify trends in mineral intake and 
provide evidence-based insights for public health strate-
gies—such as dietary modifications, supplementation 
programs, or food fortification—to reduce micronutrient 
deficiencies at both local and national levels.

Methods
Study population
The TLGS was a prospective cohort study that investi-
gated risk factors for non-communicable diseases in Teh-
ran, Iran [25]. The present study utilizes data from phases 
3–7 of the TLGS, covering the period from 2006–2008 
to 2018–2022. The TLGS was conducted in district-13 of 
Tehran, selected due to its stable population and demo-
graphic characteristics representative of the overall Teh-
ran population. Initiated in 1999, the TLGS collected 
data every three years to monitor changes in lifestyle, 
nutritional status, and various health outcomes. The orig-
inal TLGS used a multi-stage cluster random sampling 
approach to recruit participants from different house-
holds within the district.

For this research, both cross-sectional and longitudi-
nal data were examined to evaluate dietary intake and 
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mineral inadequacy. The sample included adult partic-
ipants (age was categorized by WHO including adults: 
18–50 years, and older adults: > 50 years) with com-
plete dietary, demographic, and anthropometric data 
for at least one phase. In each phase, participants with 
implausible total daily energy intake (< 800 or > 4200 
kcal/day) or with missing dietary or anthropometric 
information were excluded. Specifically, the number of 
participants excluded due to implausible energy intake 
was 207 in Phase 3, 612 in Phase 4, 403 in Phase 5, 320 
in Phase 6, and 260 in Phase 7. Further exclusions were 
made if essential variables (e.g., food intake, weight, 
height, or age) were missing.

For the cross-sectional analysis, after exclusions, the 
number of participants varied across phases, with 2933 
individuals in Phase 3 (2006–2008), 5126 in Phase 
4 (2009–2011), 4423 in Phase 5 (2012–2014), 4854 
in Phase 6 (2015–2017), and 7147 in Phase 7 (2018–
2022). These samples were used to estimate the preva-
lence of inadequate mineral intake in each period. In 
the longitudinal analysis, participants with dietary data 
for at least three phases were included, resulting in a 
baseline cohort of 4384 individuals. This complete-
case approach allowed for consistent assessment of 
within-subject changes in dietary mineral intake over 
time. Potential bias from exclusions was minimized by 
comparing baseline characteristics (e.g., age, gender) 
between excluded and included participants, with no 
significant differences observed.

Dietary intake assessment
Dietary intake was assessed using validated 168-  and 
147-item Food Frequency Questionnaire (FFQ) 
designed to capture participant’s usual dietary intake 
over the previous year. The FFQ used in the TLGS 
is semi-quantitative, comprising food items com-
monly consumed by Iranians. Participants reported 
both the frequency (on a daily, weekly, or monthly 
basis) and approximate portion size of each food item, 
which were then converted to grams using standard-
ized household measures. [26, 27]. Trained dietitians 
conducted face-to-face interviews with participants 
to ensure accurate reporting. The FFQ collected com-
prehensive data on the frequency and portion sizes of 
various foods and beverages consumed [26, 27]. The 
mineral content of the reported foods was calculated 
using the United States Department of Agriculture 
(USDA) Food Composition Table and the Iranian Food 
Composition Table for local foods not listed in the 
USDA database [28].

Anthropometric, demographic, and lifestyle 
measurements
Standardized TLGS protocols were used to measure 
height, weight, and waist circumference [29]. Weight 
was recorded with a digital scale sensitive to 100 g, and 
height was measured with a stadiometer to a preci-
sion of 0.1 cm. Body Mass Index (BMI) was calculated 
as weight (kg) divided by height squared (m2). Demo-
graphic data (age, gender), lifestyle factors (physical 
activity, smoking), and medical history (medication 
use) were also gathered. Medication history was spe-
cifically defined as the use of medications for diabetes, 
hypertension, and/or hyperlipidemia and was collected 
through structured questionnaires administered during 
face-to-face interviews [29].

Physical activity was assessed using a structured 
questionnaire administered during face-to-face inter-
views. Participants were asked the question: “Are you 
physically active? Yes or no.” Based on their response, 
physical activity levels were categorized as follows: A 
score of “0” was assigned to participants reporting less 
than 600 MET-minutes per week (indicating insuffi-
cient physical activity). A score of “1” was assigned to 
participants reporting 600 MET-minutes or more per 
week (indicating sufficient physical activity). The MET 
(Metabolic Equivalent of Task) calculation was based 
on standard values for various physical activities, as 
defined by the Compendium of Physical Activities. The 
total MET-minutes per week were estimated by mul-
tiplying the duration (in minutes) and frequency (per 
week) of each reported activity by its corresponding 
MET value. This approach allowed us to quantify physi-
cal activity levels in a standardized manner.

Blood pressure (BP) measurements were implemented 
between 8:00 and 12:00 AM by the trained TLGS staff, 
manually using an appropriate-sized cuff  using Omron 
M7 sphygmomanometer (HEM-780-E), i.e., calibrated by 
the Institute of Standards and Industrial Research of Iran 
[30]. Participants rested seated for 15 min before two 
BP readings, separated by a 30-s interval. The average of 
these readings constituted the final BP value.

Definition of inadequate mineral intake
Inadequate mineral intake was defined as a daily intake 
below the recommended dietary allowance (RDA), ade-
quate intake (AI) or dietary references intake (DRI) values 
specified in the ESPEN guidelines [22]. For each mineral, 
the ESPEN thresholds were used to classify participants 
as having inadequate intake if their reported daily intake 
was lower than the corresponding EAR or RDA. This 
approach ensured a standardized and consistent assess-
ment of mineral inadequacy across all study phases.
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Statistical analyses
For the cross-sectional analysis, the number and percent-
age of participants with inadequate mineral intake were 
assessed in each phase. Mineral inadequacy was deter-
mined based on the ESPEN guidelines [22]. Descriptive 
statistics were calculated to independently summarize 
the prevalence of inadequate intake for each phase.

For the longitudinal analysis, participants with die-
tary data from at least three phases (Phases 3–7) were 
included. A repeated-measures ANOVA was performed 
to examine within-subject changes in mineral intake 
(calcium, iron, magnesium, zinc, copper, manganese, 
selenium, and chromium), total energy and macronutri-
ents intake over the five phases. Before conducting each 
repeated-measures ANOVA, we assessed the assumption 
of sphericity using Mauchly’s Test. If the assumption was 
violated (p < 0.05), the Greenhouse–Geisser was applied 
to adjust the degrees of freedom, and the corrected 
F-values and p-values were reported. Post-hoc pairwise 
comparisons were conducted to identify which phases 
differed significantly.

All statistical analyses were conducted using SPSS soft-
ware version 26. A p-value of < 0.05 was considered sta-
tistically significant.

Results
Participant’s characteristics of repeated cross‑sectional 
study
The mean age and gender distribution of the study pop-
ulation across different phases varied slightly. In Phase 
3, participants had an average age of 40.5 ± 14.6 years, 
with 44.1% being men. Phase 4 saw a slight increase in 
the average age to 44.4 ± 14.5 years, with 42.0% men 
participants. In Phase 5, the average age rose further to 
47.4 ± 14.3 years, with 42.9% of the participants being 
men. Phase 6 showed an average age of 50.8 ± 14.1 years, 
maintaining the same men proportion of 42.9%. Finally, 
in Phase 7, the average age was 49.7 ± 16.1 years, with a 
slightly higher representation in men (44.5%).

Participant’s characteristics of longitudinal study
The baseline characteristics of participants in the  lon-
gitudinal who participated in at least three phases are 
summarized in Supplementary Table  1. The overall 
mean BMI was 27.5 ± 4.90 kg/m2, with men averaging 
26.9 ± 4.17 kg/m2 and women 27.9 ± 5.34 kg/m2. Mean 
waist circumference was higher in men than women 
(95.6 ± 10.9 cm vs. 89.3 ± 13.4 cm). Men also exhibited 
higher mean systolic (118 ± 16.2  mmHg) and diastolic 
blood pressure (77.8 ± 10.5 mmHg) compared to women 
(111 ± 17.7  mmHg and 73.1 ± 10.6  mmHg, respectively). 
The prevalence of smoking was significantly higher in 

men (17.4%) than women (1.5%). Medication use for dia-
betes, lipid disorders, and hypertension was more com-
mon among women.

Table  1 presents the proportion of participants with 
insufficient mineral intake in the TLGS across phases 
3–7, highlighting the prevalence of inadequate mineral 
consumption over time within the study population. Fig-
ure 1 illustrates the overall trend of dietary intake of min-
erals over 16 years of follow-up. As indicated, all minerals 
exhibited significant trends over time (P for all < 0.05). 
Table  2 represents the trend (as mean ± SD) of mineral 
intakes over 16 years of follow-up, stratified for age group 
and gender, providing a detailed overview of the aver-
age intake and its variability over time. Supplementary 
Table  1 shows the trend (as mean ± SD) of total energy 
and macronutrients intake across phases 3–7. This table 
provides a detailed overview of the average intake and 
variability over time.

Calcium (Ca)
Calcium inadequacy was prevalent throughout all study 
phases, showing a concerning increase over time. In 
Phase 3, 39.6% of participants had inadequate calcium 
intake, which initially improved to 24.6% in Phase 4. 
However, the inadequacy rates worsened in Phases 5 
(34.0%) and 6 (33.9%), culminating in a significant rise 
to 68.6% in Phase 7. This issue was more pronounced 
among women, with 74.1% exhibiting insufficient intake 
in Phase 7, compared to 61.2% of men. Older adults 
(aged ≥ 50  years) also showed higher inadequacy rates 
(75.0%) than younger adults (65.2%) in the same phase 
(Table 1).

The mean calcium intake reflected these trends, start-
ing at 1201 ± 463 mg in Phase 3 and slightly increasing to 
1398 ± 530 mg in Phase 4. Subsequently, a gradual decline 
was observed, with mean intake dropping to 903 ± 351 mg 
in Phase 7. The decrease was more pronounced among 
women, and older adults consistently had higher calcium 
intake than younger participants throughout the study 
(Table 2).

Iron (Fe)
Iron inadequacy was primarily observed among women 
in all phases. In Phase 3, 14.5% of participants had inade-
quate iron intake, decreasing to 7.1% in Phase 4 but rising 
again to 10.3% in Phase 5. By Phase 7, the inadequacy rate 
had increased substantially to 22.3%, with a significant 
gender disparity: 39.1% of women had insufficient iron 
intake compared to only 2.2% of men (Table 1).

The mean iron intake showed an upward trend in the 
middle phases, increasing from 25.8 ± 11.6 mg in Phase 3 
to a peak of 37.7 ± 18.9 mg in Phase 6. However, a sharp 
decline was noted in Phase 7, where the mean intake 
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dropped to 17.7 ± 7.6  mg. Men consistently had higher 
iron intake than women, and the gap between genders 
widened in the later phases (Table 2).

Magnesium (Mg)
Magnesium inadequacy affected a significant portion 
of participants, especially in Phase 3, where 51.3% had 

Table 1  Prevalence of inadequate mineral intake among Tehran Lipid and Glucose Study (TLGS) participants across study phases 
(Phases 3–7)

Values are presented as percentages (%) of participants with inadequate intake for each mineral (calcium, iron, magnesium, zinc, copper, manganese, selenium, and 
chromium), stratified by gender and age group

2006–2008 
(n = 2933)

2009–2011 
(n = 5126)

2012–2014 
(n = 4423)

2015–2017 
(n = 4854)

2018–2022 (n = 7147)

N (%) N (%) N (%) N (%) N (%)

Ca (mg/day) Total 1160 (39.6) 1263 (24.6) 1503 (34) 1646 (33.9) 4901 (68.6)

Men 472 (36.6) 494 (23) 576 (30.4) 562 (27) 1964 (61.7)

Women 688 (42) 769 (25.9) 927 (36.7) 1084 (39.1) 2937 (74.1)

Adult 818 (37.6) 823 (22.8) 841 (30.6) 721 (28.7) 2370 (62.8)

Older adult 342 (45.5) 440 (29.1) 662 (39.6) 925 (39.5) 2531 (75)

Fe (mg/day) Total 424 (14.5) 359 (7.1) 449 (10.3) 216 (4.5) 1567 (22.3)

Men 17 (1.3) 7 (0.3) 8 (0.4) 8 (0.4) 70 (2.2)

Women 407 (25) 352 (12.1) 441 (18) 208 (7.7) 1497 (39.1)

Adult 409 (18.9) 346 (9.6) 427 (15.5) 205 (8.2) 1396 (37.4)

Older adult 15 (2) 13 (0.9) 22 (1.4) 11 (0.5) 171 (5.2)

Mg (mg/day) Total 1504 (51.3) 1432 (27.9) 1334 (30.2) 1467 (30.2) 2447 (34.2)

Men 777 (60.1) 793 (36.8) 731 (38.6) 797 (38.3) 1278 (40.2)

Women 727 (44.3) 639 (21.5) 603 (23.9) 670 (24.2) 1169 (29.5)

Adult 1102 (50.5) 988 (27.3) 816 (29.7) 723 (28.8) 1224 (32.5)

Older adult 402 (53.5) 444 (29.4) 518 (31) 744 (31.8) 1223 (36.2)

Zn (mg/day) Total 636 (21.7) 542 (10.6) 550 (12.4) 673 (13.9) 1713 (24)

Men 219 (16.9) 174 (8.1) 170 (9) 189 (9.1) 517 (16.2)

Women 417 (25.4) 368 (12.4) 380 (15) 484 (17.4) 1196 (30.2)

Adult 449 (20.6) 357 (9.9) 308 (11.2) 306 (12.2) 794 (21.1)

Older adult 187 (24.9) 185 (12.2) 242 (14.5) 367 (15.7) 919 (27.2)

Cu (mg/day) Total 934 (27) 878 (12) 823 (12.4) 955 (12.2) 1236 (17.2)

Men 271 (21) 184 (8.6) 162 (8.5) 186 (8.9) 355 (11.2)

Women 531 (32.4) 458 (15.4) 403 (15.9) 442 (15.9) 877 (22.1)

Adult 579 (26.5) 422 (11.7) 328 (11.9) 285 (11.3) 567 (15)

Older adult 223 (29.7) 220 (14.6) 237 (14.2) 343 (14.7) 665 (19.7)

Mn (mg/day) Total 10 (0.3) 6 (0.1) 5 (0.1) 5 (0.1) 26 (0.4)

Men 5 (0.4) 2 (0.1) 3 (0.2) 2 (0.1) 10 (0.3)

Women 5 (0.3) 4 (0.1) 2 (0.1) 3 (0.1) 16 (0.4)

Adult 10 (0.5) 4 (0.1) 1 (0) 2 (0.1) 13 (0.3)

Older adult 0 (0) 2 (0.1) 4 (0.2) 3 (0.1) 13 (0.4)

Se (µg/day) Total 137 (4) 118 (1.6) 124 (1.9) 173 (2.2) 270 (3.8)

Men 26 (2) 16 (0.7) 22 (1.2) 24 (1.2) 50 (1.6)

Women 94 (5.7) 74 (2.5) 65 (2.6) 88 (3.2) 219 (5.5)

Adult 78 (3.6) 45 (1.2) 40 (1.5) 49 (1.9) 106 (2.8)

Older adult 42 (5.6) 45 (3) 47 (2.8) 63 (2.7) 163 (4.8)

Cr (mg/day) Total 767 (26.2) 585 (11.4) 362 (8.2) 403 (8.3) 617 (8.6)

Men 341 (26.4) 228 (10.6) 134 (7.1) 148 (7.1) 259 (8.1)

Women 426 (26) 357 (12) 228 (9) 255 (9.2) 358 (9)

Adult 593 (27.2) 418 (11.6) 240 (8.7) 238 (9.5) 357 (9.5)

Older adult 174 (23.1) 167 (11) 122 (7.3) 165 (7.1) 260 (7.7)
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Fig. 1  Trend of dietary mineral intake over 16 years of follow-up. As indicated, all minerals exhibited significant trends over time (P for all < 0.05). 
(A) Calcium (Ca), Potassium (K), and Magnesium (Mg) intake over 16 years of follow-up. (B) Copper (Cu), Chromium (Cr), and Selenium (Se) intake 
over 16 years of follow-up. (C) Iron (Fe), Zinc (Zn), and Manganese (Mn) intake across phases 3–7
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insufficient intake. The deficiency improved mark-
edly in Phase 4 (27.9%) and remained relatively steady 
in Phases 5 and 6 (both at 30.2%). A slight increase to 
34.2% was observed in Phase 7. Men consistently exhib-
ited higher inadequacy rates than women across all 
phases (Table 1).

The mean magnesium intake increased steadily over 
time, from 364 ± 129 mg in Phase 3 to 483 ± 221 mg in 
Phase 7. Men had consistently higher magnesium intake 
than women, and older adults generally consumed 

more magnesium than younger adults throughout the 
study (Table 2).

Zinc (Zn)
Zinc inadequacy remained relatively stable but showed 
an uptick in the final phase. In Phase 3, 21.7% of par-
ticipants had inadequate zinc intake, which improved to 
10.6% in Phase 4 and remained low in Phase 5 (12.4%). 
However, by Phase 7, the inadequacy rate increased to 
24.0%. Women consistently exhibited higher inadequacy 

Table 2  Trends in mean mineral intake (mean ± SD) among TLGS participants over 16 years of follow-up (Phases 3–7)

Data are stratified by gender and age group, with intake values reported in milligrams (mg) or micrograms (μg) per day

2006–2008 2009–2011 2012–2014 2015–2017 2018–2022 P group

Ca (mg/day) Men 1192 ± 454 1353 ± 511 1273 ± 494 1394 ± 522 925 ± 354 0.511

Women 1208 ± 471 1431 ± 543 1255 ± 540 1259 ± 484 886 ± 349

Adult 1206 ± 470 1385 ± 511 1265 ± 523 1310 ± 503 898 ± 350 0.586

Older 1179 ± 430 1461 ± 621 1253 ± 511 1354 ± 515 926 ± 359

K (mg/day) Men 3565 ± 1306 4264 ± 1645 4186 ± 1501 4523 ± 1564 3344 ± 1178 0.590

Women 3630 ± 1383 4501 ± 1703 4094 ± 1670 4174 ± 1529 3220 ± 1154

Adult 3538 ± 1315 4338 ± 1648 4123 ± 1609 4291 ± 1549 3253 ± 1164 0.074

Older 3931 ± 1481 4713 ± 1817 4189 ± 1555 4500 ± 1564 3378 ± 1172

Fe (mg/day) Men 26.0 ± 11.5 36.0 ± 20.3 34.3 ± 17.9 40.8 ± 19.5 18.6 ± 7.01 0.127

Women 25.7 ± 11.7 37.6 ± 20.5 33.0 ± 19.5 35.3 ± 18.1 17.1 ± 7.93

Adult 25.7 ± 11.6 35.8 ± 19.3 33.2 ± 18.6 37.3 ± 18.9 17.7 ± 7.50 0.036

Older 26.8 ± 11.5 42.5 ± 24.7 35.4 ± 19.7 39.7 ± 18.6 17.9 ± 8.01

Mg (mg/day) Men 389 ± 139 448 ± 150 469 ± 153 488 ± 156 521 ± 220 0.001

Women 345 ± 117 432 ± 141 417 ± 166 416 ± 140 454 ± 217

Adult 357 ± 122 436 ± 146 438 ± 163 444 ± 152 479 ± 219 0.089

Older 398 ± 152 456 ± 143 448 ± 159 464 ± 146 502 ± 231

Zn (mg/day) Men 12.0 ± 4.12 12.8 ± 4.25 13.1 ± 4.28 13.4 ± 4.21 11.9 ± 4.40 0.001

Women 10.6 ± 3.35 12.5 ± 4.16 11.5 ± 4.25 11.6 ± 3.90 10.3 ± 3.99

Adult 11.1 ± 3.65 12.6 ± 4.11 12.3 ± 4.36 12.4 ± 4.16 11.0 ± 4.22 0.869

Older 11.4 ± 4.27 12.7 ± 4.67 12.0 ± 4.19 12.7 ± 4.03 10.9 ± 4.39

Cu (mg/day) Men 1.60 ± 0.61 1.84 ± 0.66 1.85 ± 0.61 1.94 ± 0.63 1.80 ± 0.63 0.001

Women 1.39 ± 0.50 1.74 ± 0.66 1.65 ± 0.66 1.67 ± 0.61 1.53 ± 0.52

Adult 1.45 ± 0.53 1.78 ± 0.66 1.74 ± 0.65 1.77 ± 0.64 1.63 ± 0.57 0.143

Older 1.62 ± 0.65 1.81 ± 0.68 1.74 ± 0.64 1.87 ± 0.58 1.72 ± 0.64

Mn (mg/day) Men 7.65 ± 3.05 9.39 ± 3.98 9.63 ± 3.59 10.3 ± 3.73 8.22 ± 3.57  < 0.001

Women 6.34 ± 2.56 8.82 ± 4.03 8.27 ± 3.91 8.49 ± 3.62 6.51 ± 3.01

Adult 6.71 ± 2.71 8.84 ± 3.85 8.73 ± 3.79 9.13 ± 3.76 7.16 ± 3.30 0.001

Older 7.91 ± 3.32 10.2 ± 4.62 9.53 ± 3.98 9.89 ± 3.77 7.69 ± 3.66

Se (µg/day) Men 121 ± 43.7 128 ± 45.6 134 ± 46.5 139 ± 45.4 124 ± 45.0 0.001

Women 97.7 ± 35.4 116 ± 44.6 111 ± 49.2 107 ± 39.6 97.8 ± 38.2

Adult 108 ± 39.1 121 ± 44.7 121 ± 49.1 121 ± 45.1 109 ± 42.4 0.961

Older 108 ± 48.8 123 ± 49.3 120 ± 50.6 121 ± 44.1 107 ± 47.5

Cr (mg/day) Men 0.09 ± 0.07 0.13 ± 0.09 0.16 ± 0.10 0.16 ± 0.10 0.17 ± 0.12 0.001

Women 0.06 ± 0.06 0.11 ± 0.10 0.12 ± 0.10 0.12 ± 0.09 0.12 ± 0.10

Adult 0.07 ± 0.06 0.12 ± 0.10 0.13 ± 0.10 0.14 ± 0.10 0.14 ± 0.11 0.036

Older 0.09 ± 0.08 0.14 ± 0.10 0.15 ± 0.11 0.15 ± 0.10 0.15 ± 0.12
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rates than men, with 30.2% of women showing insuf-
ficient intake in Phase 7 compared to 16.2% of men 
(Table 1).

The mean zinc intake was relatively stable, starting at 
11.2 ± 3.76 mg in Phase 3 and experiencing slight fluctu-
ations before settling at 11.0 ± 4.25  mg in Phase 7. Men 
consistently had higher zinc intake than women across all 
phases (Table 2).

Copper (Cu)
Copper inadequacy was notable in Phase 3, affecting 
27.0% of participants. Substantial improvements were 
observed in Phases 4 (12.0%) and 5 (12.4%), but a slight 
increase to 17.2% occurred by Phase 7. Women consist-
ently had higher inadequacy rates than men, with 22.1% 
of women showing insufficient intake in Phase 7 com-
pared to 11.2% of men (Table 1).

The mean copper intake showed an upward trend from 
Phase 3 (1.28 ± 0.43 mg) to Phase 6 (1.79 ± 0.63 mg), fol-
lowed by a slight decrease in Phase 7 (1.65 ± 0.59  mg). 
Men had higher copper intake than women throughout 
the study, and older adults consumed slightly more cop-
per than younger adults (Table 2).

Manganese (Mn)
Manganese inadequacy was rare across all phases, affect-
ing only 0.1–0.4% of participants. No significant gender 
differences were observed, and the deficiency remained 
minimal throughout the study period (Table 1).

Mean manganese intake increased significantly from 
Phase 3 (6.90 ± 2.85  mg) to Phase 6 (9.25 ± 3.77  mg), 
before declining to 7.25 ± 3.36 mg in Phase 7. Men con-
sistently consumed more manganese than women, with 
the highest intake observed among older men (Table 2).

Selenium (Se)
Selenium inadequacy was relatively low, starting at 4.0% 
in Phase 3 and decreasing to 1.6% in Phase 4. A slight 
increase was noted by Phase 7, with inadequacy rates 
rising to 3.8%. Women consistently showed higher inad-
equacy rates than men, particularly in Phase 7, where 
5.5% of women had insufficient intake compared to 1.6% 
of men (Table 1).

The mean selenium intake remained stable, with slight 
fluctuations. It started at 108 ± 40.8 µg in Phase 3, peaked 
at 121 ± 49.3 µg in Phase 5, and stabilized at 109 ± 43.2 µg 
in Phase 7. Men generally had higher selenium intake 
than women across all phases (Table 2).

Chromium (Cr)
Chromium inadequacy was relatively high in Phase 3, 
affecting 26.2% of participants. Significant improvements 
were observed in subsequent phases, with the inadequacy 

rate decreasing to 8.6% in Phase 7. Both men and women 
showed similar improvements in chromium intake over 
time (Table 1).

Mean chromium intake steadily increased from 
0.08 ± 0.07  mg in Phase 3 to 0.14 ± 0.11  mg in Phase 7. 
Men consistently had higher chromium intake than 
women throughout the study period (Table 2).

Discussion
This study aimed to assess the adequacy of mineral intake 
among adults in Tehran over a 16-year period, utilizing 
data from the TLGS. The prevalence of calcium inad-
equacy rose significantly from 39.6% during 2006–2008 
to 68.6% in 2018–2022, with women (74.1%) and older 
adults (75.0%) experiencing even higher rates. Similarly, 
iron inadequacy, which predominantly affects women, 
increased from 14.5 to 39.1% over the same period. Mag-
nesium inadequacy remained consistently high, reach-
ing 34.2% in 2018–2022. In contrast, manganese intake 
was rarely insufficient. While zinc, copper, selenium, and 
chromium inadequacies showed some fluctuations, aver-
age levels generally remained closer to recommended 
values, despite notable differences between genders. 
Women and older adults exhibited notably higher rates 
of mineral inadequacy in our study, and several factors 
may explain this trend. First, older adults often experi-
ence reduced appetite and may have decreased absorp-
tion efficiency due to age-related physiological changes, 
leading to overall lower nutrient intake. Second, women 
of reproductive age require more iron to compensate for 
menstrual blood loss and thus are more vulnerable to 
iron deficiency if dietary intake is insufficient. Addition-
ally, cultural norms and household roles can influence 
food choices. In some settings, women may prioritize 
feeding other family members before themselves, poten-
tially compromising their own dietary quality. Socioeco-
nomic factors further compound these vulnerabilities; for 
instance, limited budgets can restrict access to mineral-
rich foods (such as dairy, lean meats, or fresh produce), 
disproportionately affecting older adults and women in 
certain communities. These combined physiological, 
cultural, and economic elements help account for the 
heightened mineral deficiencies observed in these groups 
[31–33]. These trends were observed alongside fluctua-
tions in the intake of other minerals such as magnesium, 
zinc, copper, and chromium.

Comparing our results with the National Integrated 
Micronutrient Survey II (NIMS-II) conducted in Iran 
between 2011 and 2015, similar patterns emerge. The 
NIMS-II highlighted substantial nutritional challenges, 
including a high prevalence of overweight and obesity 
among both men (61.6%) and women (77.3%), and sig-
nificant micronutrient deficiencies across various age 
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groups [24]. While our study focused on adults aged 
18 and above, the persistent issues with mineral intake 
reflect broader nutritional inadequacies within the Ira-
nian population identified by NIMS-II. The alarming rise 
in calcium inadequacy observed in our study, escalating 
to 68.6% in Phase 7, mirrors global concerns about insuf-
ficient calcium intake. This inadequacy was more pro-
nounced among women and older adults, groups that are 
particularly vulnerable to conditions like osteoporosis. 
A meta-analysis focusing on Iranian individuals aged 50 
and above found elevated rates of osteoporosis, especially 
among women [34]. This correlation underscores the 
potential long-term impact of inadequate calcium intake 
on bone health in this population.

International studies also reflect similar patterns. 
Many countries in Asia report average daily calcium 
intakes below 500  mg, significantly lower than recom-
mended levels [35]. The implications of inadequate cal-
cium extend beyond bone health, including increased 
risks of preeclampsia in pregnant women and a potential 
protective effect against breast cancer in premenopau-
sal women [36, 37]. Given the high prevalence of breast 
cancer and rising rates of preeclampsia among Iranian 
women [38, 39], addressing calcium deficiency is critical.

Iron inadequacy in our study was predominantly a con-
cern among women, with 39.1% exhibiting insufficient 
intake in Phase 7. This gender disparity is consistent with 
findings from other studies, which have documented 
higher rates of iron deficiency among women, particu-
larly those of reproductive age [40]. The inadequate iron 
intake among women could contribute to higher rates of 
anemia and related health complications.

Despite remaining high overall, magnesium defi-
ciency showed improvement over time, and men con-
sistently had higher mean intakes than women. This 
pattern suggests that certain dietary habits such as con-
suming more legumes, nuts, and whole grains may be 
more prevalent among men, leading to relatively better 
magnesium status. Another possibility is that broader 
public health awareness campaigns or gradual shifts in 
Iranian food culture encouraged moderate increases in 
consumption of magnesium-rich items, thereby rais-
ing average intakes. Meanwhile, cultural practices or 
personal food preferences among women could con-
tribute to persistently lower magnesium intake. Future 
investigations might focus on delineating how dietary 
patterns, cooking practices, and the availability of for-
tified products influence magnesium consumption, 
and whether tailored interventions can further reduce 
deficiencies. Similar trends were observed in stud-
ies from other countries, such as Mexico and China, 
where magnesium inadequacy was prevalent among 
adolescents and adults [40, 41]. Zinc inadequacy in our 

study remained relatively stable but was consistently 
higher among women. This finding contrasts with other 
research, such as the study conducted in São Paulo, 
which indicated that men aged over 19 were more sus-
ceptible to inadequate zinc intakes than women, with 
inadequacy worsening with age [42]. The differing 
patterns between studies suggest that gender-related 
dietary habits, cultural practices, and nutritional 
awareness may vary across populations, affecting zinc 
intake differently. In Iran, traditional dietary practices 
or socio-economic factors might contribute to lower 
zinc intake among women. This highlights the impor-
tance of considering local dietary habits and gender 
roles when developing nutritional interventions.

Copper intake showed fluctuations, with women con-
sistently exhibiting higher inadequacy rates. Although 
copper deficiency is less commonly discussed, it has been 
linked to cardiovascular health, and both deficiency and 
excess can have adverse effects [10, 43]. Selenium inade-
quacy was relatively low, but increased slightly by the end 
of the study period, particularly among women. Selenium 
plays a crucial role in antioxidant defense and thyroid 
function, and both inadequate and excessive intake can 
impact health [10, 44]. Chromium intake demonstrated a 
distinct improvement over the course of the study, likely 
reflecting increasing awareness of metabolic health and 
glycemic control in the population. Healthcare provid-
ers may have recommended chromium supplementation 
or foods rich in chromium such as brewer’s yeast, whole 
grains, nuts, and certain vegetables to individuals at risk 
for impaired glucose metabolism. Moreover, inadvertent 
fortification or changes in local food production prac-
tices might also have contributed to higher chromium 
levels in commonly consumed staples. While our data 
cannot pinpoint the exact source of this positive trend, 
it underscores the potential impact of evolving dietary 
knowledge and public health messaging on micronutri-
ent status. Further research to identify the primary die-
tary contributors to chromium intake would help clarify 
this mechanism.

The inadequacies observed in our study are not isolated 
to Iran. Studies from China and Mexico have reported 
high prevalence rates of inadequate intake of miner-
als like calcium, magnesium, zinc, and selenium among 
adults [40, 41]. These deficiencies have significant health 
implications, including increased risks of osteoporosis, 
cardiovascular diseases, and impaired immune function.

Inconsistent findings exist regarding the relationship 
between mineral intake and cardiovascular health. While 
deficiencies in iron, copper, and selenium have been asso-
ciated with increased cardiovascular risk, excessive levels 
can also be harmful [10]. This highlights the importance 
of achieving a balanced intake of these essential minerals.
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Several factors may explain the observed mineral defi-
ciencies. First, cultural dietary practices in Iran, while 
traditionally rich in nutrient-dense foods, have shifted 
toward increased consumption of refined carbohydrates 
and energy-dense, processed items [45, 46]. This shift 
can crowd out more nutritious choices. Moreover, cer-
tain cultural norms such as prioritizing staple foods over 
high-protein or calcium-rich options may exacerbate 
nutrient gaps for subpopulations, particularly among 
women. Second, socioeconomic barriers and availability 
issues play a significant role [47, 48]. Rising food prices 
and economic fluctuations often limit access to higher 
quality, nutrient-rich foods such as dairy, lean meats, and 
fresh produce. Therefore, individuals of lower socioeco-
nomic status may rely on cheaper, calorie-dense foods, 
which are relatively low in essential minerals. A third fac-
tor involves lifestyle shifts, wherein rapid urbanization 
and sedentary behaviors reduce overall energy needs, 
often leading to the consumption of fewer nutrient-dense 
foods [49, 50].

It is important to consider that Phase 7 of our study 
coincided with the COVID-19 pandemic. The pandemic 
may have influenced dietary habits due to lockdowns, 
reduced physical activity, and changes in food availabil-
ity. The sharp decline in calcium and iron intake during 
this phase could be partially attributed to these unprec-
edented circumstances. A shift towards more processed 
and less nutrient-dense foods during the pandemic has 
been reported in various studies, which could explain 
the worsening mineral intake [51–53]. The pandemic has 
had profound global impacts on dietary habits and food 
accessibility. Lockdowns, restrictions, and disruptions in 
supply chains limited access to fresh, nutrient-rich foods 
such as fruits, vegetables, and dairy products, which are 
primary sources of essential minerals. Concurrently, 
economic challenges, including job losses and financial 
instability, exacerbated food insecurity, leading many 
individuals to prioritize affordable, calorie-dense foods 
over nutrient-dense options. Additionally, reduced physi-
cal activity and heightened stress levels during the pan-
demic further contributed to shifts in dietary patterns, 
potentially affecting mineral intake.

Addressing these persistent and, in some cases, wors-
ening deficiencies requires a comprehensive public health 
approach. Nutrition education initiatives can help house-
holds balance traditional dietary patterns with healthier 
modern options, particularly those that emphasize cal-
cium- and iron-rich foods. In parallel, fortifying common 
staples, such as flour and dairy products, with minerals 
like calcium and iron could substantially improve over-
all intakes. Supplementation strategies are also crucial, 
especially for high-risk groups such as women of repro-
ductive age and older adults who face a greater burden 

of deficiencies. Finally, policies that ensure access and 
affordability including subsidies or other interventions 
to lower the cost of nutrient-dense product are essential 
to guarantee that financial constraints do not hinder ade-
quate mineral intake.

A major strength of our study is the longitudinal design, 
which allowed us to assess trends in mineral intake over 
an extended period. The large sample size and the use of 
validated dietary assessment tools enhance the reliabil-
ity of our findings. However, some limitations should be 
acknowledged. Dietary intake was assessed using a FFQ, 
which, despite being validated, may be subject to recall 
bias. The use of the USDA Food Composition Table and 
the Iranian Food Composition Table might not capture all 
variations in local food composition. Also, this study did 
not assess data on participant’s supplement intake, as the 
assessment focused solely on dietary intake of mineral. 
Additionally, we did not explicitly adjust for variations in 
energy intake across different time points. However, we 
acknowledge that energy intake can influence nutrient 
intake patterns and may confound the results. Moreover 
the manuscript does not include an analysis of the food 
sources of the minerals studied, which a significant limi-
tation is given the impact of food composition and bio-
availability on mineral absorption and utilization. As well 
as, while we used the ESPEN guidelines for assessing 
mineral adequacy, variations in individual requirements 
were not accounted for, which could affect the classifi-
cation of inadequacy. Also, this study used the ESPEN 
micronutrient guidelines, which are designed for clinical 
practice and may not fully reflect the needs of the gen-
eral healthy population. Moreover, the bioavailability of 
minerals can vary widely depending on dietary composi-
tion (e.g., the presence of enhancers or inhibitors such as 
vitamin C or phytates), yet we lacked specific measures of 
mineral bioavailability. Finally, the COVID-19 pandemic 
may have compounded dietary changes in the last phase, 
and not all related lifestyle shifts could be fully captured 
or adjusted for in our analysis.

This study highlights significant inadequacies in min-
eral intake among adults in Tehran, with particularly 
concerning trends for calcium and iron. These deficien-
cies pose serious public health risks, including increased 
susceptibility to osteoporosis, anemia, cardiovascular 
diseases, and other chronic conditions. Notably, the 
observed gender disparities, with women being dispro-
portionately affected, underscore the need for targeted 
interventions. Addressing these nutritional gaps requires 
a multifaceted approach, including public health educa-
tion, dietary modifications, strategic supplementation, 
and policy initiatives aimed at improving access to nutri-
ent-rich foods. Such efforts have the potential to signifi-
cantly enhance mineral intake and reduce the burden of 
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NCDs in this population. Future research should focus 
on identifying the underlying causes of these inad-
equacies, such as socioeconomic, cultural, and lifestyle 
factors, and evaluate the effectiveness of targeted inter-
ventions to inform evidence-based strategies for improv-
ing nutritional health.
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