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Abstract
Background  Dietary diversity refers to the consumption of a variety of foods or food groups over a given reference 
period, which is crucial for improving nutrition and overall health. This longitudinal study aimed to investigate the 
association between dietary diversity and anthropometric indices in community-dwelling older adults living in Tehran 
in 2017 and 2021.

Methods  The current study was conducted on 368 older adults [204 (55.4%) women and 164 (44.6%) men] over 60 
years of age living in Tehran, who were selected by a systematic cluster sampling method at two-time points, 2017 
and 2021. Anthropometric measures (weight, height, hip circumference, and waist circumference) were assessed with 
standard methods. The participants’ dietary intake was assessed by completing two non-consecutive 24-hour recalls, 
and dietary diversity score (DDS) was calculated based on Kant’s method. Statistical analysis was performed using R 
software by the mixed effect model method.

Results  The mean DDS of the participants in 2017 (5.07 ± 1.20) was higher than that in 2021 (4.94 ± 1.09) (p < 0.05). 
DDS and dairy diversity score decreased significantly over time. After adjusting for confounders, there was an inverse 
relationship between the DDS and Body Mass Index (BMI) (B = -0.22; SE = 0.09), but the interaction effect of year × 
DDS (B = 0.19; SE = 0.10) was not significant (p = 0.06). However, there was a positive relationship between the DDS 
and A Body Shape Index (ABSI) (B = 0.00; p = 0.022), after adjusting for confounders, this relationship was no longer 
significant. Additionally, the interaction effect of year and DDS on the ABSI was not significant.

Conclusion  The dietary intake and dietary diversity of older adult residents of Tehran declined dramatically with 
age, and a higher DDS was associated with improved anthropometric indices. DDS had an inverse relationship with 
general obesity in the studied participants, and the passage of time did not affect this relationship. The DDS can be 
used as a predictive index and is a powerful tool for investigating changes in nutritional status in longitudinal studies 
of old age. However, longer-duration studies are needed to obtain more conclusive results.
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Background
In recent decades, factors such as socioeconomic devel-
opments, declining birth rates, increasing life expectancy, 
and access to healthcare services have led to a rise in the 
older adult population which is going to continue [1]. The 
World Health Organization (WHO) states that the older 
adult population will increase to 1.5 billion by 2050, and 
it is also predicted that their population will rise to 28% 
worldwide by the end of the 21st century [2, 3]. Accord-
ing to Iran’s national document of older adult individuals, 
the age of 60 is defined as the beginning of old age [1]. 
Iran has experienced one of the fastest rates of growth in 
the older adult population worldwide; the proportion of 
older adults in Iran increased from 4.2% in 1989 to 6.4% 
in 2019 [2]. In 2022, the proportion of older adults sur-
passed 10% of the total population, which is expected to 
reach one-third of Iran’s population in 2050 [4, 5]. Due to 
the growth of the old age population, paying attention to 
their health has become essential because they are more 
likely to suffer from different health issues and diseases, 
which can cause serious socioeconomic consequences if 
not taken into account [6]. One of the key factors affect-
ing the well-being of older adult individuals is their diet 
and lifestyle [7]. With aging, due to physiological factors 
such as decreased appetite, loss of taste and smell, and a 
reduced ability to chew and swallow, older adults are at 
greater risk of malnutrition. As a result, this can influ-
ence their dietary intake, nutrient utilization efficiency, 
and nutritional status, leading to reduced dietary diver-
sity [8–10].

Dietary intake involves consuming a diverse range 
of food items, each with intricate interactions between 
various nutrients. Analyzing single nutrients may poten-
tially be confounded by the effect of overall diet. In this 
regard, investigation of dietary patterns shows a greater 
impact on health [11]. Dietary diversity is defined as con-
suming a different variety of food items or food groups 
over a given reference period [12]. Previous studies have 
shown inverse relationships between dietary diversity 
and obesity, blood pressure and cardiovascular diseases 
[13–15]. Dietary diversity score (DDS) is an appropri-
ate and efficient tool for appraising dietary diversity in 
overall diet that is widely used across countries and all 
age groups [12, 16]. A higher DDS is associated with a 
better nutrient adequacy ratio and reflects diet quality, 
which will promote health. Increasing dietary diversity 
across and within food groups is recommended in most 
dietary guidelines [12]. Inadequate dietary diversity is a 
global problem. Consequently, assessing micronutrient 
adequacy and diet diversity in vulnerable populations is 
essential [17].

One important indicator of health in the older adult 
population is their anthropometric indices, which refer 
to the measurement of the body’s height, weight, and 
proportions of various body parts [18]. Anthropometry 
is a useful and easy-to-use tool that can provide valuable 
information about an individual’s health status, including 
functional status, nutrition and overall health [19].

Anthropometric indices could be influenced by individ-
ual’s nutritional status, and previous studies have shown 
conflicting results regarding the association between 
dietary diversity and changes in anthropometric mea-
sures [13, 20–24]. The results of previous cross-sectional 
studies could be inaccurate because variables that could 
change over time were excluded [25]. Moreover, the find-
ings of studies that have presented models with time-
independent variables have shown significantly different 
estimates and levels of significance compared to models 
that have presented time-dependent variables [26]. For 
greater accuracy in examining the relationship between 
exposure variables and outcomes, the linear mixed-
effects model with a time variable can be used. A mixed 
effect model, by considering the impact of time and its 
confounding effect, could be used to predict the average 
change in the entire study sample in addition to within-
individual changes [27]. This study, besides providing a 
nutritional database of older adults, can also be used for 
future comparison and determining the changes in the 
dietary intake of older adults over time, which can be 
used for identifying issues in nutritional planning. Thus, 
this longitudinal study aimed to investigate the associa-
tion between dietary diversity and anthropometric indi-
ces in older adults living in Tehran in 2017 and 2021.

Methods
Study design and sampling
This longitudinal study is part of a broader study entitled 
“Situation Analysis of Free-living Elders’ Lifestyles (with 
an Emphasis on Nutrition)”. The present study was con-
ducted on 368 older adults [204 (55.4%) women and 164 
(44.6%) men] living in Tehran in two phases (2017 and 
2021). According to the previous study, the sample size 
was calculated by Smee et al. [28] for community-dwell-
ing older adults aged over 60 years. In the first phase of 
the study (2017), the research sample included 511 indi-
viduals chosen according to the inclusion criteria. The 
criteria included community-dwelling older adults over 
60 years of age in Tehran, having Iranian citizenship, 
being willing to cooperate, having the ability to speak and 
communicate, lacking advanced diseases such as cancer 
and ESRD (End Stage Renal Disease), and lacking severe 
cognitive disorders such as Alzheimer’s disease and 
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Parkinson’s disease. The exclusion criteria of this study 
included the older adult individuals who we didn’t have 
access to or who were not willing to complete and answer 
the 24-hour recall questionnaire, and the cases of over-
reporting and under-reporting of energy below 500 and 
above 3500 kcal/day for women and below 800 and above 
4000  kcal/day for men [29]. The population sampling 
method used was systematic cluster sampling, which 
considered the diverse socioeconomic statuses of resi-
dents of different geographical zones of Tehran, includ-
ing the northern, southern, eastern, western, and central 
zones. Eleven municipal districts were selected across 
the zones, and based on population density, the number 
of older adults required for sampling was determined for 
each zone. From each municipal district, a health cen-
ter [60% of the sample size], a nearby community cen-
ter (Saraye Mahalle) [30% of the sample], and a mosque 
[10% of the sample] were randomly selected. All the indi-
viduals from the first phase were invited to participate in 
the second phase of the study. Considering the longitu-
dinal design of the study and the expected dropouts, 375 
individuals participated in 2021 with a 70% response rate 
and 368 individuals remained in the study after apply-
ing the exclusion criteria. To ensure the adequacy of 
the sample size of the study, a power analysis was calcu-
lated considering the result of a previous study on older 
adults by Karim Beigi et al. [30]. The power of the pres-
ent study was calculated to be over 90%, which confirms 
the adequacy of the sample size (368 people) to obtain 
the expected results in this study. To ensure accurate and 
consistent data collection, a training session was held for 
nutritionists on how to use data collection techniques.

Data measurement
In both phases of the study, the general information 
including demographic, socioeconomic, and lifestyle 
characteristics was collected through interviews with a 
valid questionnaire that had been used in previous stud-
ies [31, 32]. The questionnaire measured data based on 
sex, age group, marital status, ethnicity, educational level, 
family size, medications, supplements, income level, and 
the ratio of per capita food expenditure to per capita total 
cost.

Assessment of dietary intakes
The participants’ dietary intake was assessed by complet-
ing two non-consecutive 24-hour recall questionnaires 
(a weekday and a weekend day), using the multiple-pass 
method [33], which has been applied in previous stud-
ies of Iranian older adults [34, 35]. This was completed 
through an in-person interview (on the first day) and a 
telephone interview (on the second day). In the dietary 
assessment interview, participants were prompted to 
recall their food and beverage intake for the previous day. 

During the interviews, participants were shown visual 
aids such as images of scales and measuring cups to help 
them remember the foods they had consumed accurately. 
Using Nutritionist IV software, the macronutrients and 
micronutrients of the food items were obtained. To cal-
culate the energy and nutrient intake from other food 
items that were not available in the Nutritionist IV soft-
ware, the food composition table (USDA, Release 11, 
1994) was used and adapted for Iranian foods [36].

Assessment of dietary diversity
The method described by Kant et al. [37] was utilized for 
determining dietary diversity. This method was based 
on 5 major groups comprising grains, vegetables, fruits, 
meats, and dairy products, and was based on the United 
States Department of Agriculture (USDA) food guide 
pyramid. The 5 main groups were also divided into 23 
subgroups. The grain group was divided into 7 subgroups 
including refined bread, biscuits, macaroni, wholemeal 
bread, cornflakes, rice, and refined flour. The vegetable 
group was divided into 7 subgroups including green leafy 
vegetables, potato, tomato, other starchy vegetables, 
legumes, yellow vegetables, and other green vegetables. 
The fruit group was composed of 2 subgroups including 
fruit and fruit juice along with berries and citrus fruits. 
The meat group included 4 subgroups, such as red meat, 
poultry, fish, and eggs. Additionally, the dairy products 
were classified into 3 subgroups milk, yogurt (Doogh and 
Kashk), and cheese. If the participants ingested a mini-
mum of half a unit from each subgroup within two days 
of recall, then they were allocated points for each group 
they consumed. The DDS for each main group was cal-
culated by the division of an individual’s subgroup score 
by the total number of subgroups of that main group and 
multiplied by two. Eventually, the DDS was calculated 
from the sum of the diversity scores of all 5 major food 
groups, which ranged from a minimum of 0 to a maxi-
mum of 10 [30].

Anthropometric measures
Anthropometric measures included weight (kg), height 
(cm), hip circumference (cm), and waist circumference 
(cm), which were measured using standard methods. 
The participant’s weight and waist circumference (dis-
tance around the smallest part of the waist, just above the 
umbilicus) were measured with accuracies of 100 g and 
1  mm, respectively. Body mass index (BMI) was calcu-
lated based on weight in kilograms divided by the square 
of height in meters. Waist-to-hip ratio (WHR) and waist-
to-height ratio (WHtR) were also calculated based on 
waist circumference divided by height. The calf muscle 
circumference (cm) (the thickest part of the calf without 
clothing) and the mid-upper arm circumference (distance 
between the acromion and the olecranon appendices) 
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were measured using inflexible tape with an accuracy of 
1 mm. As calf circumference and mid-upper arm circum-
ference (cm) are strongly correlated with muscle mass, 
they have been proposed to be suitable indicators of mus-
cle mass [38, 39]. Knee height (cm) was measured using 
a knee caliper with an accuracy of 5 mm. A body shape 
index (ABSI) was calculated as a complementary index to 
BMI to assess health risk based on waist circumference, 
height, and BMI using the following formula [40]. An 
ABSI greater than 0.083 was considered to indicate high 
ABSI and abdominal obesity [41].

ABSI= WC
BMI2/3× Height1/2

Data analysis
After applying exclusion criteria, 368 older adult indi-
viduals over the age of 60 years remained for the final 
analysis. Eventually, the collected data were examined 
using IBM SPSS software (version 21.0) and R software 
(version 4.3.3). Once this process was completed, the 
Kolmogorov-Smirnov test assessed the distribution of 
quantitative data normality. To compare quantitative 
normal variables between two sex groups, the indepen-
dent t-test was used, and the results were reported as the 
mean (standard deviation). For comparing non-normal 
quantitative variables, the median (interquartile range) 
was reported, and the Mann-Whitney test was used to 
compare determine the. When comparing non-normal 
quantitative variables, the Mann-Whitney test was used 
to determine the association between the variables and 
the reported median (interquartile range). The Wilcoxon 
test and paired t-test were used to compare variables 
between two time periods.

Using R software and the linear mixed effect model 
method, the relationship between anthropometric sta-
tus and food diversity score was analyzed by including 
the effect of the year (time-variable) in the crude model 
(without adjusting the effect of confounders) and the 
adjusted model (adjusting the effect of all confounding 
variables entered in the model). For example, how the 
variables of the study are related can be explained by cit-
ing an example of the relationship between the DDS and 
BMI in two years:

BMI = β0j + β1 year + β2 DDS + β3 year DDS + ei 
β0j = β0 + Uj.

In this model, to check the effect of the DDS on BMI, a 
derivative must be taken:

∆ BMI
∆ DDS = β2 + β3 year.
According to this equation, the effect of DDS on BMI 

is dependent on the study year, which means that DDS 
had an effect of β2 on BMI in 2017, but in 2021, this effect 
was β2 + β3. In the adjusted model, the method of calcula-
tion was the same, with the difference that the effect of 
confounding variables was also taken into account. With 

regard to this equation, the DDS effects rely on the year 
of the study. In other words, the DDS had an effect on β2 
on BMI in the year 2017, while four years later, this effect 
was β2 + β3.

Results
Characteristics of the participants
The general characteristics of the participants are pre-
sented in Table  1. Of the 368 participants, 204 (55.4%) 
were women and 164 (44.6%) were men. The mean age 
was 67.06 ± 5.52 years and 70.89 ± 6.48 years in 2017 and 
2021, respectively. Moreover, the percentage of individu-
als aged 60 to 64 years was 39.7% in 2017, the percentage 
of individuals aged 65 to 69 years was 37% in 2021, and 
the population of women under 70 years old was more 
than men in 2021. From 2017 to 2021, the proportion of 
older adult participants in the 60–64 years old age group 
decreased, and that of the older age groups increased. 
Considering the marital status in both study phases, the 
percentage of single, divorced, and widowed women was 
greater than men. In both phases, more participants lived 
as a couple, but the proportion of individuals living in 
a family of four or more decreased, and were moved to 
other categories of family size in 2021 compared to 2017. 
Women had lower incomes compared to men, and a 
greater percentage of older adults had average incomes in 
both years. The per capita total cost for men was higher 
than that of women in 2017. In 2021, there was a signifi-
cant increase in the per capita total cost. Most of the par-
ticipants did not have a university degree. The majority 
of the older adults were of Fars ethnicity (55.4%) and had 
less than a diploma education (62.8%). In both variables, 
the percentage of women was higher than men. Because 
the two variables of ethnicity and education level in 2021 
were similar to those in 2017, these two variables have 
not been mentioned in Table 1. In 2017, women partici-
pants had more digestive problems than men did. Gastro-
intestinal disease incidence decreased in 2021 compared 
to 2017, and the use of blood pressure and lipid-lowering 
medication was also higher.

Anthropometric measures of the participants
The anthropometric measures and their classification of 
the participants in the two years of the study have been 
illustrated in Table  2. In both study phases, the average 
weight, height, WHR, and ABSI in men were higher than 
those in women. However, the average hip circumference, 
WHtR, mid-upper arm circumference, calf circumfer-
ence, and BMI in women were higher than those in men. 
From 2017 to 2021, the average weight and calf circum-
ference decreased, while the average WHtR increased. 
Based on a classification of anthropometric measures, 
no significant changes over time were observed. In both 
years, the proportion of individuals who were overweight 
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or obese was higher, and there was a greater percentage 
of women in these groups than men. A larger ratio of 
women compared to men fell into the high-risk range for 
WHtR in both years. In 2017, a larger proportion of men 
participants compared to women fell into the high-risk 
range for WHR. Moreover, in both years, a higher pro-
portion of men compared to women had a higher ABSI, 
placing them in the range of abdominal obesity.

Energy intake status and DDS of participants
As shown in Table 3, during both phases of the study, the 
average energy intake of men was higher than women, 
and the average energy intake in 2017 was lower than that 
in 2021. The mean DDS was 5.07 ± 1.20 and 4.94 ± 1.09 in 
2017 and 2021, respectively. The decrease in the DDS was 
considered almost significant (p = 0.054). In both phases 

of the study, men had a higher DDS than women, but this 
difference was more significant in 2021. In both phases, 
the meat diversity score of men was higher than that of 
women. In 2021, men also had a higher dairy diversity 
score compared to women. A comparison between the 
two years revealed that the dairy diversity score and the 
DDS decreased significantly.

Associations between DDS and anthropometric measures
The association between DDS and anthropometric mea-
sures of the participants is presented in Tables 4 and 5. 
According to both crude and adjusted models, there 
was an inverse relationship between the DDS and BMI. 
According to the crude model, for every unit increase 
in the DDS, BMI decreased by 0.27 units (p = 0.001). 
Considering the longitudinal nature of the study, the 

Table 1  General characteristics of the older adult population stratified by sex and comparisons between 2017 and 2021
Variable 2017

n (%)
2021
n (%)

p-valued

Women Men Total p-valuea Women Men Total p-valuea

Age (years) 60–64 104 (51.0) 42 (25.6) 146 (39.7) < 0.01b 31 (15.2) 14 (8.5) 45 (12.2) < 0.01 < 0.01
65–69 62 (30.4) 47 (28.7) 109 (29.6) 92 (45.1) 44 (26.8) 136 (37.0)
70–74 28 (13.7) 41 (25.0) 69 (18.8) 51 (25.0) 38 (23.2) 89 (24.2)
75–79 8 (3.9) 27 (16.5) 35 (9.5) 20 (9.8) 43 (26.2) 63 (17.1)
≥ 80 2 (1.0) 7 (4.3) 9 (2.4) 10 (4.9) 25 (15.2) 35 (9.5)

Marital status Married 141 (69.1) 156 (95.1) 297 (80.7) < 0.01 128 (62.7) 149 (90.9) 277 (75.3) < 0.01 0.075
Other 63 (30.9) 8 (4.9) 71 (19.3) 76 (37.3) 15 (9.1) 91 (24.7)

Family size Alone 24 (11.8) 7 (4.3) 31 (8.4) 0.045 33 (16.2) 7 (4.3) 40 (10.9) < 0.01 0.011
2 79 (38.7) 59 (36.2) 138 (37.6) 91 (44.6) 73 (44.5) 164 (44.6)
3 46 (22.5) 41 (25.2) 87 (23.7) 51 (25.0) 39 (23.8) 90 (24.5)
4 55 (27.0) 56 (34.4) 111 (30.2) 29 (14.2) 45 (27.4) 74 (20.1)

Taking 
medications

Yes 183 (91.0) 134 (82.7) 317 (87.3) 0.018 185 (90.7) 135 (82.3) 320 (87.0) 0.018 0.913
No 18 (9.0) 28 (17.3) 46 (12.7) 19 (9.3) 29 (17.7) 48 (13.0)

Taking Blood 
pressure 
medication

Yes 86 (42.2) 69 (42.1) 155 (42.1) 0.987 113 (55.4) 78 (47.6) 191 (51.9) 0.135 0.008
No 118 (57.8) 95 (57.9) 213 (57.9) 91 (44.6) 86 (52.4) 177 (48.1)

Taking 
Lipid-lowering 
medication

Yes 97 (47.5) 51 (31.5) 148 (40.2) 0.001 119 (56.9) 60 (36.6) 176 (47.8) < 0.01 0.038
No 107 (52.2) 113 (68.9) 220 (59.8) 88 (43.1) 104 (63.4) 192 (52.2)

Taking diabe-
tes medication

Yes 54 (26.5) 37 (22.6) 91 (24.7) 0.388 56 (27.5) 47 (28.7) 103 (28.0) 0.798 0.315
No 150 (73.5) 127 (77.4) 277 (75.3) 148 (72.5) 117 (71.3) 265 (72.0)

Taking 
Supplements

Yes 156 (76.5) 62 (38.5) 218 (59.7) < 0.01 165 (81.3) 76 (46.3) 241 (65.7) < 0.01 0.091
No 48 (23.5) 99 (61.5) 147 (40.3) 38 (18.7) 88 (53.7) 126 (34.3)

Gastrointesti-
nal disease

Yes 92 (45.1) 48 (29.3) 140 (38.0) 0.002 49 (24.0) 39 (23.8) 88 (23.9) 0.957 < 0.01
No 112 (54.9) 116 (70.7) 228 (62.0) 155 (76.0) 125 (76.2) 280 (76.1)

Quantitative Variable Women Men Total Women Men Total p-valued

Interquartile 
Range
Middle

(IQR)
Middle

(IQR)
Middle

p-valuec (IQR)
Middle

(IQR)
Middle

(IQR)
Middle

p-valuec

Per capita food cost/Per 
total cost (%)

59.72 (47.66, 75) 66.66 (50, 
79.16)

60 [50, 75] 0.029 66.66 [50, 
80]

66.66 [50, 
80]

66.66 [50, 
80]

0.295 0.002

a The p-value was obtained from the chi-square test for qualitative analysis
b The Monte Carlo Exact test was used for this variable
cP-value for quantitative variables was performed based on the Mann-Whitney test and the results were reported as median (interquartile range (IQR)).
d The P-value of comparing two years was reported based on the Wilcoxon test
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interaction effect of DDS on BMI (year × DDS) was 0.188 
between 2017 and 2021. Due to the decrease of this nega-
tive relationship by 0.188, the interaction effect was not 
significant (p = 0.06). In the adjusted model, there was an 
inverse relationship between DDS and BMI. Additionally, 
the discrepancy in the effect of DDS on BMI between the 
two years was not as significant as in the crude model 
(Table 4).

An inverse relationship between dairy diversity score 
and BMI existed in both models. According to the Crude 
model, for every 1 unit increase in dairy diversity score, 
BMI decreased by 0.059 units (p < 0.01). However, the 
effect of the dairy diversity score on BMI did not differ 
significantly between the two years (p = 0.120). According 
to the adjusted model, there was an inverse relationship 
between the dairy diversity score and BMI (p = 0.005), 
but the difference in the effect between the two years 
remained non-significant (p = 0.111) (Table 4). There was 
no significant relationship between the DDS and its com-
ponents with waist circumference, WHR, and WHtR. 
There was a positive relationship between DDS and ABSI 
(p = 0.022). However, after adjusting for confounders, this 
relationship was no longer significant. In both models, 
the interaction effect of year and DDS on ABSI was not 
significant (Table 5).

Discussion
To the best of our knowledge, this is the first longitu-
dinal study that investigated the association between 
dietary diversity and anthropometric indices among Ira-
nian older adults. This findings revealed that most of the 
participants had moderate dietary diversity in both 2017 
and 2021, and DDS decreased over time. After adjusting 
for possible confounders, DDS and BMI had an inverse 
relationship. However, this association did not signifi-
cantly change over time. The participants’ anthropomet-
ric indices, including BMI, WHtR, and WHR, were above 
the normal range in both 2017 and 2021 based on the 
cutoff values for the older adult population. In addition, 
while the average weight, mid-upper arm circumference, 
and calf circumference decreased, the average WHtR 
increased over time.

According to the findings, there was moderate dietary 
diversity in the older adult population in both years 
[42]. No longitudinal study has investigated the changes 
in DDS in Iranian older adults, however, according to 
the results of a cross-sectional study on the older adult 
women in Tehran with a mean age of 67.1 ± 4.8, the mean 
DDS (4.22 ± 1.28) is lower than the DDS reported in the 
present study [43]. This discrepancy may be due to the 
smaller sample size (n = 300) which included only women 
participants and a different method for calculating DDS 
was used. Likewise, in a study on Taiwanese older adults, 
the mean of the DDS (4.74 ± 0.97) was lower than the 

Table 3  Energy intake and dietary diversity score (DDS) of participants and their comparison at two-time points
Variable 2017 2021 p-val-

uebWomen Men Total p-valuea Women Men Total p-val-
uea

Energy 
(kcal)

1348.90±
446.28

1673.26 ± 474.91 1493.45 ± 486.21 < 0.01 1215.59 ± 362.22 1466.24 ± 448.01 1327.29 ± 421.05 < 0.01 < 0.01

Dietary 
Diver-
sity Score 
(DDS)

4.97 ± 1.26 5.19 ± 1.12 5.07 ± 1.20 0.080 4.79 ± 1.09 5.12 ± 1.06 4.94 ± 1.09 0.004 0.054

Grains 
diversity 
score

0.75 ± 0.22 0.77 ± 0.21 0.76 ± 0.21 0.456 0.80 ± 0.23 0.76 ± 0.20 0.78 ± 0.21 0.068 0.088

Veg-
etables 
diversity 
score

0.766 ± 0.327 0.815 ± 0.347 0.788 ± 0.336 0.164 0.798 ± 0.327 0.799 ± 0.327 0.798 ± 0.327 0.977 0.622

Fruits 
diversity 
score

1.55 ± 0.62 1.56 ± 0.61 1.55 ± 0.61 0.914 1.50 ± 0.60 1.57 ± 0.57 1.53 ± 0.59 0.251 0.615

Meat 
diversity 
score

0.76 ± 0.38 0.85 ± 0.43 0.80 ± 0.41 0.032 0.74 ± 0.41 0.86 ± 0.42 0.79 ± 0.42 0.005 0.730

Dairy 
diversity 
score

1.13 ± 0.59 1.18 ± 0.50 1.15 ± 0.55 0.328 0.94 ± 0.52 1.11 ± 0.47 1.01 ± 0.51 0.001 < 0.01

a It was reported based on an independent sample T-test, and the results are reported as the mean ± SD.
b It was reported based on the paired sample T-test
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score reported in the current study, and participants 
with a lower DDS had consumed less dairy, vegetables 
and fruits [44]. One of the reasons behind the findings 
of this study with the present study can be the use of a 
food frequency questionnaire (FFQ) in their study. Simi-
lar to the present study, a longitudinal study with 12 years 
follow-up on Japanese older adult individuals (NILS-
LSA) found that the fixed effects of interaction between 
age and time on the change of DDS were significant and 
DDS decreased in participants aged 63 to 79 years [45]. 
Previous studies have shown that higher dietary diversity 
is associated with better nutritional status in older adults 
[46]. Consequently, a reduction in food intake (energy 
and macronutrients) may be one of the potential causes 
of the decrease in the current study’s DDS. With aging, 
food intake decreases especially for fresh fruit and veg-
etables which is due to physiological changes such as 
lower chewing ability because of the lack of teeth or use 
of artificial teeth, some problems in swallowing and indi-
gestion, and chronic diseases [47]. Sociodemographic 
factors such as educational level and marital status also 
can affect dietary diversity [48–50]. In this regard, a study 
on Thai older adults showed that a higher dietary diver-
sity was associated with a higher educational level [48]. 
In addition, the ability of older people to perform daily 
life activities declines with aging [51]. In this regard, the 
possibility of daily activities such as shopping or prepar-
ing food is probably more difficult for this age group and 
can lead to a decline in dietary diversity.

One of the major components of the DDS, the dairy 
diversity score, experienced a significant decline over the 
study period. This decrease in dairy consumption was 
also observed in previous studies of Iranian households 
[52–54]. Dairy products are essential for preventing bone 
loss and reducing fracture risk in older adults, as they 
include energy, carbohydrates, cholesterol, vitamins, and 
riboflavin and are rich in protein and calcium [55, 56]. 
Nevertheless, the decline in participants’ dairy diversity 
was mainly because of rising inflation in Iran resulting 
from international sanctions, which effectively reduced 
the number of goods that could be purchased with a 
given amount of money [55]. Additionally, the lower 
consumption of dairy products in older adults may be 
attributed to digestive side effects of the lactose in dairy 
products, such as bloating, abdominal pain, flatulence, 
and diarrhea [56].

In this study, there was an inverse relationship between 
the DDS and BMI, and over time, the attenuating effect 
of this relationship was not considered to be statisti-
cally significant. Findings from other cross-sectional 
studies on adults and older adults have sometimes been 
contradictory [13, 23] or similar [22, 24] to the current 
study. In addition, several studies have found no signifi-
cant relationship between DDS and BMI [21, 57–59]. A 

reason for differences in the results of these studies could 
be because of using different methods for the calculation 
of DDS. In the present study, the method for calculating 
DDS was based on the approach by Kant, which includes 
the five main food groups from the food pyramid (grains, 
fruits, vegetables, meat, and dairy products) along with 
23 sub-groupings and did not include sweetened bever-
ages, sweets, nuts, and fats [37]. Some studies report-
ing a positive relationship between dietary diversity and 
BMI have demonstrated that a higher level of dietary 
diversity might result in higher food consumption and 
additional energy intake, especially among middle-aged 
people, which subsequently can cause weight gain [60, 
61]. Furthermore, studies conducted on different age pro-
files, like children and adolescents, have illustrated that 
a lower level of dietary diversity is linked to changes in 
weight, anthropometric measures, and body composition 
over time [20]. The variability in study outcomes could be 
due to differences in the calculation of the DDS.

Although an inverse relationship was observed between 
the dairy diversity score and BMI that began to decrease 
with time during the study, the effect of this relationship 
was not statistically significant. Various cross-sectional 
and cohort studies in adult and older adult populations 
have confirmed a negative relationship between dairy 
consumption and obesity [62–65]. Different mechanisms 
have been suggested to elaborate on how dairy may affect 
body composition. Dairy products are important sources 
of calcium, vitamin D, and protein, which can reduce the 
obesity rate [66, 67]. It has also been proposed that milk 
is rich in bioactive peptides that may play a significant 
role in regulating body fat accumulation [68]. In addi-
tion, milk contains various hormones and growth fac-
tors derived from the bovine animal which are similar to 
those found in humans [69]. Although many hormones 
are metabolized or broken down during digestion, intact 
hormones that are absorbed may have potential effects 
on metabolism [69]. Although we adjusted possible 
confounders, especially energy and age variables in the 
adjusted model in the present study, we did not consider 
the fat content in dairy products, and we didn’t sepa-
rate dairy products into high-fat and low-fat groups that 
can be a reason for differences in results. Some studies 
have found that the fat content of dairy products can be 
a potential factor in explaining the relationship between 
dairy diversity score and BMI [62, 70]. This distinction 
may explain differences between our results and those of 
other studies.

After adjustment for all potential confounders, the 
findings of this study suggested that there was no signifi-
cant association between DDS and ABSI. Additionally, 
the interaction effect of year and DDS on the ABSI was 
not significant. This result could be due to participants 
having an overall adequate intake of nutrients, regardless 
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of dietary diversity, which could mask the potential 
effects of DDS changes on ABSI. In addition, in the older 
adult population due to the increase in sarcopenic obesity 
related to aging, the ABSI, along with other anthropomet-
ric measures, can provide desirable results [71]. Since our 
study was not adjusted for sarcopenic obesity, this factor 
may have contributed to the non-significant association 
observed. The majority of previous studies have concen-
trated on the relationship between ABSI and diseases and 
mortality, instead of its association with dietary diver-
sity [72–75]. Only one longitudinal study, conducted in 
Indonesia from 2007 to 2014, examined the relationship 
between dietary security and ABSI among middle-aged 
adults and found an inverse relationship between dietary 
security and ABSI [76]. However, a direct comparison 
between these two studies may not be feasible due to dif-
ferences in the exposure variables. One of the advantages 
of the ABSI is that it combines information on waist cir-
cumference in addition to height and weight [77]. A high 
ABSI indicates a proportionally higher than expected 
waist circumference for a given height and weight, which 
be related to greater central fat accumulation. The ABSI 
independently predicts mortality, independent of BMI 
[78]. In the DECODE study, a positive linear correlation 
was observed between CVD-related mortality and ABSI, 
whereas BMI, WC, and WHR displayed J-shaped rela-
tionships [79].

The study findings revealed that the older adult par-
ticipants were in the overweight or obese range based on 
their BMI in both years of the study. Additionally, their 
waist circumference and WHR indicated an increased 
risk for health problems. Although there was a decrease 
in the average weight and the mid-upper arm circumfer-
ence and calves in 2021 compared to those in 2017, the 
average WHtR increased. Conversely, in the only longitu-
dinal study conducted on the Iranian older adult popula-
tion in Babol [80], after 5 years (2011–2016), a significant 
increase in BMI was observed. However, height, waist 
circumference, hip circumference, WHR, and WHtR 
significantly decreased. The decrease in weight was not 
statistically significant. The larger sample size (n = 897) 
in the Babol study or the use of different measurement 
tools caused the difference in the measured variables 
in this study compared to the current study. However, 
other longitudinal studies conducted in different coun-
tries have reported results similar to our findings [81, 82]. 
For instance, in a study in Sweden [81], the calf and mid-
upper arm circumferences decreased significantly after 
15 years. The significant decrease in calf and mid-upper 
arm circumference, coupled with the increase in WHtR, 
suggests a decrease in muscle mass and an increase in 
body fat, especially in the central areas of older adult 
individuals. Several studies agree on the aforementioned 
issue [83–86]. This can be attributed to several factors, 

including increased age, and physiological changes such 
as sarcopenic obesity, decreased physical activity due to 
limitations such as air pollution, the industrialized nature 
of life, and the presence of diseases like COVID-19 in 
recent years [87, 88]. Another factor that can influence 
this issue is nutritional factors. In the current study, there 
was a decrease in the average energy and protein intake 
of the older adult participants over time, which is con-
sistent with previous findings that an inadequate intake 
of energy and protein can result in a reduction in muscle 
mass and the progression of sarcopenia [89–91].

According to the assessment of participants’ dietary 
intake, their average daily energy intake was below the 
recommended dietary allowance (RDA) for both men and 
women in both years of the study [92]. Some studies con-
ducted on older adults in Iran and other countries have 
also reported low energy intake in older adults [93–95]. 
According to a study conducted on Sabzevar’s institu-
tionalized seniors, the average energy intake of partici-
pants was also lower than RDA values (1659.68 ± 497.94) 
[93]. Similarly, a study conducted on individuals aged 
over 60 years in Babol revealed that daily energy intake 
based on data obtained from two questionnaires (the 
FFQ (1535.4  kcal/day) and 24-hour recall intake ques-
tionnaire (1470.2  kcal/day)) was below the RDA values 
[94]. The energy intake of participants declined due to 
decreased food consumption such as fiber-rich vegeta-
bles, whole grains, and nuts in Babol’s study. This state 
was related to their dental problems, chewing difficulties, 
medication side effects, or declining mental and physical 
health. Another study on 217 older adult women aged 
70–80 years in Australia also showed lower energy intake 
than RDA values (1450.1 kcal/day) [95]. One of the rea-
sons for this decreased energy intake may be explained 
by physiological changes with aging such as decreased 
appetite, loss of taste and smell, oral and dental problems, 
delayed gastric emptying, altered hormonal responses, 
and reduction of basal metabolic rate [96]. Furthermore, 
under-reporting of energy intake and socioeconomic 
problems can be other reasons for the decreased energy 
intake in this study. In this regard, a study in the United 
Kingdom showed that older adults who lived alone felt 
that eating alone was less enjoyable than eating with oth-
ers, and they often bought less food [97].

The main strength of this study was that it focused on 
the community-dwelling older adult population instead 
of on institutionalized seniors. Another advantage of 
this study was the generalizability of the selected older 
adults to the entire older adult population of Tehran due 
to sampling from all zones of Tehran and various settings 
including health centers, mosques, and Saraye Mahalleh. 
The longitudinal nature of the study design provided 
the possibility of examining the changes in the exam-
ined variables over time. The linear mixed effect model 
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provides a more valid and accurate estimate for examin-
ing the relationship between the exposure variables and 
the outcome. Another positive feature of this approach is 
that it takes residuals and time effects into account.

However, the current study has not been without 
limitations. One constraint of the study was the smaller 
sample size in 2021 compared to 2017. The number of 
participants in the second phase of the study was lower 
due to concerns about the spread of COVID-19. Addi-
tionally, there were difficulties in reconnecting with par-
ticipants who had changed their contact information. 
However, the study had high statistical power despite 
sample attrition. Furthermore, when assessing the dietary 
intake of older adult individuals through 24-hour recall, 
sources of bias were identified. For example, some older 
adult individuals, especially men, experienced difficulty 
recalling their previous day’s dietary intake, and some 
older people had trouble remembering the ingredients of 
mixed dishes. To minimize recall bias, the participants’ 
dietary intake information was validated by their spouse 
or a family member who had frequent contact with them.

Conclusion
In conclusion, the findings suggested that dietary intake 
and dietary diversity in older adult residents of Tehran 
declined dramatically with age, and a higher DDS was 
associated with improved anthropometric indices. DDS 
had an inverse relationship with general obesity in the 
community living older adults of Tehran. Furthermore, 
the passage of time did not affect this relationship. There-
fore, DDS can be used as a predictive index and is a pow-
erful tool for investigating changes in nutritional status in 
longitudinal studies for older adults. However, to obtain 
more conclusive results, longer-duration studies are 
recommended.
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