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ARTICLE INFO ABSTRACT
Keywords: Objective: To evaluate the association between dairy products consumption and the probability of frailty transitions
Frailty in community-dwelling older adults.

Nutritional status
Dairy products
Yogurt

Cohort

Design: Longitudinal study.

Setting and participants: We included 863 community-dwelling participants >65 years from the Chianti region in
Italy.

Mesurements: Habitual dietary intake of dairy products (i.e., milk, yogurt, and cheese) was assessed in daily servings
using a validated food frequency questionnaire (FFQ) at baseline, 3-, 6-, and 9-years of follow-up. Frailty status at
each visit was defined using the Fried criteria, and the probability of transitions between different frailty status and
death was assessed through multistate models. The associations between dairy product intakes and frailty
transitions during the 9-year period were expressed as hazard ratios (HRs) derived from proportional intensity
models.

Results: The mean age at baseline was 74 + 7 years and 46% of the participants were male. There were no statistically
significant associations between the consumption of total, fermented, or non-fermented dairy products and the
probabilities of transition from robust or from pre-frail to any of the other frailty conditions or to death. Conversely, a
direct association between the consumption of fermented dairy products and the probability of transition from frail
to pre-frail was observed in a model adjusted for age, sex, and energy intake (HRper serving/day = 1.90, 95%CI 1.12
—3.22). This association was primarily related to yogurt consumption (HRper serving/day = 4.07,95%CI1.38—12.02),
as the association with cheese consumption was not significant (HRper serving/day = 1.57, 95%CI 0.91—-2.71). In the
fully adjusted model, only the association between yogurt consumption and frail to pre-frail transition remained
statistically significant (HRper serving/day = 3.68, 95%CI 1.10—-12.31).

Conclusion: Dairy products, such as milk, yogurt, and cheese, are unlikely to play a predominant role in frailty
development in an Italian community-dwelling older population. However, it is advisable to maintain a moderate
consumption of dairy products, especially fermented ones, as part of a well-balanced diet to promote healthy aging.
© 2025 Published by Elsevier Masson SAS on behalf of SERDI Publisher. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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N. Hidalgo-Liberona et al.
1. Introduction

Frailty is a geriatric condition characterized by an increased
vulnerability, which is accompanied by a high risk of illness, falls,
hospitalizations, disability, and death. Nevertheless, it is a dynamic
process that can be reversed, particularly in the early stages [1-3].
Although frailty can be observed in middle-aged adults, it is closely linked
to aging, and therefore, its prevalence increases as the population ages
[4]. Several methods to diagnose frailty have been developed [5], and the
frailty phenotype proposed by Fried et al. [1] is one of the most commonly
used to identify frail older subjects, easily allowing the comparison of our
findings with other epidemiological studies and the translation to clinical
care. It considers five components: shrinking or unintentional weight loss,
weakness (low grip strength), poor endurance or exhaustion, slowness
(slow walking speed), and low physical activity [1]. Thus, the Fried’s
frailty phenotype is able to capture aspects related to both muscle and
bone health, including muscle strength and performance.

Different health conditions and lifestyle habits, including inadequate
nutritional status, contribute to the development of frailty [6-8].
Inadequate energy intake may cause undernutrition and micronutrient
deficiencies, leading to frailty in older adults [3,7,9]. Indeed, previous
cross-sectional analyses have already shown that a low nutrient intake
was associated with frailty in the INCHIANTI [Invecchiare in Chianti (Aging
in Chianti)] and in a US-based study [10,11]. Likewise, high protein
intake was inversely associated with frailty status in older adults [12,13].
Therefore, dietary habits seem to have a relevant role in frailty
development. Several studies have found that a high intake of orange
juice [14], fruits and vegetables [15-17], and fish [17], as well as a high
adherence to healthy dietary patterns [18-20] were associated with lower
frailty risk.

Dairy products are a complex source of nutrients, and there is an
increasing interest in their potential health effects. They are a dietary
source of protein and micronutrients, such as calcium, phosphorus,
vitamin A, vitamin D, riboflavin, vitamin B12, potassium, zinc, choline,
magnesium, and selenium. The 2020-2025 Dietary Guideline for
Americans (DGA) recommends 3 daily servings of dairy products,
particularly fat-free or low-fat alternatives, such as milk, cheese, and/or
yogurts, for subjects 9 years and older [21]. Moreover, recent studies have
shown that higher intakes of dairy products were associated with weight
loss and lower risk for type 2 diabetes [22], colorectal cancer [23],
cardiovascular disease, and overall mortality [24]. Despite these results,
the epidemiological evidence is still inconsistent regarding their
relationship with frailty risk in older adults [25-29].

In the current prospective study, we examined the association
between the habitual intake of dairy products and the probability of
experiencing frailty transitions in older adults from the InCHIANTI study
during a 9-years period. As dairy products are nutrient dense sources of
proteins and some micronutrients, they may help to maintain/enhance
both muscle and bone mass [30,31], reducing sarcopenia and osteoporo-
sis, which are related to frailty [32]. Therefore, we hypothesize that a
higher intake of dairy products would be associated with a lower frailty
risk and/or a higher probability of frailty transitions towards robustness.

2. Methods

This study is developed and reported according to the Strengthening
the Reporting of Observational Studies in Epidemiology-Nutritional
Epidemiology (STROBE-NUT) checklist (see Supplementary Table S1:
STROBE-nut statement) [33].

2.1. Population
The InCHIANTI study is a prospective cohort of randomly selected

older adults conducted in two towns in the Tuscany countryside (Greve in
Chianti and Bagno a Ripoli) in Italy. Further details of the study design
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have been described elsewhere [34]. The study population includes 1155
women and men older than 65 who agreed to participate. We excluded
participants who had missing data in the food frequency questionnaire
(FFQ) (n = 16), and frailty data at recruitment (n = 219). For the
longitudinal analysis, we excluded 57 participants who were lost at
follow-up after the baseline assessment (Fig. 1). For the current analysis,
data was available for 863 Italian older adults (total observations =
2510). The ethical committee of the Italian National Institute of Research
and Council of Aging examined and approved the study protocol. All
participants provided written informed consent.

2.2. Dietary assessment

Habitual food intake was assessed at baseline and 3, 6, and 9 years
after enrollment, using the Italian version of the FFQ developed and
validated in the European Prospective Investigation into Cancer and
Nutrition (EPIC-Italy) study [35]. Participants reported the frequency of
consumption and usual portion size of 198 food items. Total dairy product
consumption (in servings per day) was estimated as the sum of three food
items: yogurt, cheese, and milk. Fermented dairy products were
calculated as the sum of cheese and yogurt, while non-fermented dairy
products only considered milk. Dairy product servings were established
according to the different FFQ items; for instance, the portion size for hard
and semi-hard cheeses was 65 g, and 100 g for soft and fresh cheese [1-3].
The intakes of total energy (kcal/day), alcohol (g/day), total protein (g/
day), and other nutrients were calculated using an Italian food
composition database [34]. Missing dietary data during the follow-up
(3.4%) were imputed by the Last Observation Carried Forward (LOCF).

2.3. Assessment of frailty syndrome

We used the operational definition of frailty phenotype developed by
Fried et al. [1]. It was based on 5 components: unintentional weight loss,
exhaustion, low physical activity, slow walking speed, and muscle
weakness. Briefly, shrinking or unintentional weight loss was self-
reported and defined as involuntary weight loss (not due to diet or
exercise) >4.5 kg in the prior year. Weakness was defined as grip strength
measured using a handheld dynamometer (Nicholas Muscle Tester,
Sammon Preston, Inc., Chicago, IL) in the lowest sex-specific quintile at
baseline and follow-up visits. Low physical activity was defined as either
complete inactivity or spending <1 h/week of low-intensity activities in a
physical activity questionnaire developed and validated for the
InCHIANTI study [36]. Self-reported exhaustion or poor endurance
was assessed using the statement “I felt that everything was an effort”
from the Center for Epidemiological Studies-Depression scale (CES-D), a
validated version for the Italian population [37]. Slowness was defined as
the time to walk 4.57 m or 15 feet (average of two repetitions) in the
lowest sex-specific quintile. Frail, pre-frail, and robust subjects were
defined as those having three or more, at least one, and none of these
criteria, respectively [1]. Frailty and its components were evaluated at
baseline and 3-, 6-, and 9-year visits.

2.4. Covariate assessment

Trained physicians conducted a standardized interview and clinical
examination. Personal information such as age, sex, and lifestyle data
were collected using standardized questionnaires. Education level was
assessed as years of education. Self-reported smoking habits were
categorized as never, former, and current smokers. Height and weight
were measured using standard procedures, and body mass index (BMI)
was afterwards calculated. Physical activity data was collected using a
structured questionnaire developed and validated for the InCHIANTI
study. Participants were categorized as sedentary-light physical activity
(none or light-intensity physical activity <2-4h/wk), or moderate-high
physical activity (light-intensity activity >4h/week or moderate-
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1155 participants aged >65 years

16 participants with missing data at
baseline on diet questionnaire (FFQ) &
230 participants with missing data at
baseline frailty

920 participants with available data on
dietary intake and frailty at baseline

57 participants with frailty missing
data during follow-up

863 participants were compared in the
the final sample

Fig. 1. Flowchart of participants at period of the study.

intensity activity 1-2 h/week; i.e., swimming) [36]. Functional status was
evaluated using Katz’s Activities of Daily Living (ADL), and ADL disability
was defined as disabled ADL > 1. Cognitive performance was assessed by
the Mini-Mental State Examination (MMSE), and depression mood was
evaluated using the Centre for Epidemiologic Studies Depression Scale
(CES-D). Chronic diseases were ascertained by combining information
from self-reported medical diagnoses, pharmacological treatments,
medical history, clinical examination, and blood tests. Comorbidities
considered in this analysis were cardiovascular diseases (including acute
myocardial infarction, stroke, angina pectoris, and peripheral arterial
disease), diabetes mellitus, cancer, cognitive impairment, and chronic
kidney disease.

2.5. Statistical analysis

Participants were classified into tertiles according to their usual daily
intake of dairy products (servings per day) for descriptive analysis.
Baseline characteristics of subjects were reported as means and standard
deviations (SD) for continuous variables with a normal distribution,
median and 10th and 90th percentiles for continuous variables with a

skewed distribution, and number of participants (n) and percentages for
categorical variables. Baseline characteristics between subjects classified
by tertiles of dairy consumption were compared using parametric
ANOVA, non-parametric Kruskall-Wallis, and Chi-square tests, as
appropriate.

The associations between the consumption of total, fermented, and
non-fermented dairy products (as continuous variables in servings per
day) and probabilities of frailty transitions during the 9 years of the study
were tested using proportional intensity models [38]. Associations were
described as hazard ratios (HRs) and 95% confidence intervals (95% CI).
To facilitate the convergence of the analyses, we set a discrete-time
multistate model. The analyses were firstly adjusted for age, sex, and total
energy intake (Model 1) and secondly, for additional potential
confounders, including: years of schooling, smoking habits, alcohol
intake, cardiovascular disease, diabetes mellitus, cancer, cognitive
impairment, and chronic kidney disease). Confounders were selected
based on the rationale linking them to both the exposures and the
outcome of interest. To better clarify the role of each included covariate,
we have illustrated the causal diagram [39] in Supplementary Fig. S1. In
order to verify the fitness and robustness of the multistate analysis, first,
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we assessed and compared log-likelihood and AIC parameters with that of
baseline models (i.e. multinomial logistic regression); and second, we
performed a 5-fold cross-validation of the model and computed the
average log-likelihood across folds, obtaining similar values to that
obtained in the total sample (data not shown).

The analyses were computed using the IBM SPSS 26.0 (SPSS Inc.,
Chicago, IL) and R 4.1.3 (R foundation, Vienna).

3. Results
3.1. Baseline characteristics

The baseline characteristics for the 863 participants are presented in
Table 1. The mean age of participants was 74 + 7 years, and 45% were
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men. Regarding socio-demographics and lifestyle habits, 14% of the
participants were current smokers, 39% reported moderate-high physical
activity, and had, on average, 6 + 3 years of education. Moreover, 48% of
the participants had hypertension, 22% had cardiovascular diseases, and
14% had diabetes mellitus. In comparison, participants excluded due to
missing data at baseline (n = 292) were significantly older (81 +8 vs
74 £ 7 years), had more years of education (13 vs 6), had higher rates of
disability in activities of daily living (ADL) (35% vs 3%), depression mood
(51% vs 30%), and a higher prevalence of dementia (27% vs 2%)
(p <0.001).

The median intake (p10th- p90th) of total dairy products was 2.7 (1.8—
3.4) servings per day, and the main contributors were cheese [1.7 (0.4-
2.6) servings per day], milk [1.0 (0.3-1.1) servings per day], and yogurt
[0.0 (0.0-0.3) servings per day]. Participants in the highest tertile of total

Table 1

Baseline characteristics of the INCHIANTI population according to tertiles of dairy product consumption.
Demographics All (n = 863) Tertile 1 (n = 280) Tertile 2 (n = 288) Tertile 3 (n = 287) P-value

<2.1 servings per day 2.1-3.1 servings per day >3.1 servings per day

Age, mean =+ SD, y 74+£7 73+6 74+£7 74+7 0.16
Male, n (%) 393 (45.5) 136 (44.0) 145 (47.2) 129 (42.4) 0.65
Education, mean +SD, y 56+3.3 57+35 56+3.3 54+3.1 0.93
Behaviour-related variables
Body Mass Index, mean + SD, kg/m? 27.6+4.1 27.6+4.0 27.9+4.2 27.2+4.1 0.07
Current smoker, n (%) 123 (14.3) 36 (12.6) 47 (16.3) 40 (13.8) 0.79
Physical activity, n (%) 0.36
Sedentary-light 527 (61.1) 177 (62.1) 167 (57.8) 183 (63.3)
Moderate-high 336 (38.9) 108 (37.9) 122 (42.2) 106 (36.7)
Cognitive impairment, MMSE, n (%) 208 (24.1) 75 (26.3) 65 (22.5) 68 (23.5) 0.54
ADL disability, n (%) 33(3.8) 12 (4.2) 15 (5.2) 6(2.1) 0.14
Depressed mood, CES-D >16, n (%) 259 (30.0) 84 (29.5) 82 (28.4) 93 (32.2) 0.59
Dietary intake, median (p10-90th)
Energy, (kcal/d) 1876 (1298—2657) 1665 (1101—-2480) 1875 (1345—-2670) 2064 (1475—-2810) <0.001
Protein, (g/day) 74.3 (51.5-102.9) 63.7 (43.4-91.8) 74.5 (53.2-101.1) 83.0(61.1-110.4) <0.001
Alcohol, (g/day) 7.6 (0.0—40.8) 6.1 (0.0—41.4) 9.6 (0.0—49.6) 6.0 (0.0-32.9) 0.05
Calcium, (mg/day) 801 (494-1192) 567 (393—833) 814 (600—1082) 985 (768—1430) <0.001
Phosphorous, (mg/day) 1165 (817-1616) 990 (691-1390) 1165 (868—1547) 1327 (1015-1806) <0.001
Vitamin D, (mcg/day) 1.7 (1.0-2.8) 1.6 (0.9-2.8) 1.7 (1.0-2.8) 1.8 (1.1-3.0) 0.001
Potassium (mg/day) 2867 (2022-3941) 2600 (1788-3995) 2888 (2060-3998) 3029 (2218-4064) <0.001
Fruits, (g/day) 274.9 (144.3—466.8) 260.2 (132.3—477.3) 282.7 (146.8—457.0) 279.1 (153.4—478.8) 0.21
Vegetables, (g/day) 137.1 (66.5—302.8) 134.4 (65.5—304.3) 138.3 (67.5—286.1) 138.9(68.3—305.6) 0.67
Dairy products intake (servings per day)
Milk 1.0 (0.3-1.1) 0.3 (0.0-1.0) 1.0 (0.0-1.0) 1.0 (1.0-2.0) <0.001
Yogurt 0.0 (0.0-0.3) 0.0 (0.0-0.1) 0.0 (0.0-0.3) 0.0 (0.0-0.7) <0.001
Cheese 1.7 (0.4-2.6) 0.6 (0.2-1.6) 1.7 (1-2.5) 2.3 (1.7-3.0) <0.001
Fermented dairy products 1.8 (0.5-2.7) 0.7 (0.2-1.6) 1.8 (1.1-2.5) 2.4 (1.9-3.2) <0.001
Non-fermented dairy products 1.0 (0.1-1.5) 0.5 (0.2-1.1) 1.0 (0.7-1.49) 1.1 (1.0-2.1) <0.001
Total dairy products 2.7 (1.8-3.4) 1.5 (0.6—2.0) 2.7 (2.2-3.0) 3.6 (3.2-4.6) <0.001
Frailty Phenotype, n (%) 0.82
Robust 447 (51.8) 144 (50.5) 158 (54.7) 145 (50.2)
Pre-Frail 338 (39.2) 115 (40.4) 107 (37.0) 116 (40.1)
Frail 78 (9.0) 26 (9.1) 24 (8.3) 28 (9.7)
Frailty Symptoms, n (%)
Weight loss 43 (5.0) 13 (4.6) 13.0(4.5) 17 (5.9) 0.69
Exhaustion 158 (18.3) 53 (18.6) 54 (18.7) 51 (18.3) 0.71
Low physical activity 140 (16.2) 46 (16.1) 48 (16.6) 46 (15.9) 0.97
Slowness 187 (21.7) 58 (21.4) 55 (19.0) 74 (25.6) 0.13
Muscle weakness 172 (19.9) 62 (21.8) 52 (18.0) 58 (20.1) 0.53
Diseases and conditions, n (%)
Hypertension 415 (48.1) 139 (48.8) 148 (51.2) 128 (44.3) 0.24
Cardiovascular diseases 186 (21.6) 63 (22.1) 64 (22.1) 59 (20.4) 0.84
Diabetes mellitus 117 (13.6) 42 (14.7) 36 (12.5) 39 (13.5) 0.72
Diagnosis of dementia 15 (1.7) 4(1.4) 4 (1.4) 7 (2.4) 0.55
Cancer 52 (6.0) 23 (8.1) 14 (4.8) 15 (5.2) 0.21
Renal chronic disease 181 (30.0) 51 (25.4) 63 (30.4) 67 (34.2) 0.16

Notes: Statistical comparisons are from Kruskall-Wallis or Chi-Square tests as appropriate. ADL = Activities of Daily Living; CES-D = Center for Epidemiologic Studies
Depression Scale; IADL = Instrumental Activities of Daily Living; MMSE = Mini-Mental State Examination.
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dairy product consumption (>3.1 servings per day) were more likely to
have a higher intake of total energy, total protein, calcium, phosphorous,
potassium, and vitamin D than those in the lowest tertile (<2.1 servings
per day) (p < 0.001). There were no differences in other lifestyle factors
and comorbidities between tertiles of dairy consumption (Table 1).

3.2. Dairy intake and frailty

Participants at baseline were mostly robust (52%) and pre-frail (39%),
while a few subjects were classified as frail (9%). The most prevalent
frailty component was slowness (21.7%), followed by muscle weakness
(19.9%), exhaustion (18.3%), low physical activity (16.2%), and
unintentional weight loss (5.0%).

Fig. 2 shows the transitions between frailty status and death during the 9-
years of the study (for the numeric values, see Supplementary Table S2).
Probabilities for transitions between robust, pre-frail, and frail status at the
different evaluations are reported in Supplementary Table S3. There were no
statistically significant associations between the consumption of total,
fermented, or non-fermented dairy products and the probabilities of
transition from robust or from pre-frail to either of the other frailty
conditions or death (Table 2). Conversely, a direct association between the
consumption of fermented dairy products and the probability of transition
from frail to pre-frail was observed (HRper serving/day = 1.90, 95%CI 1.12
—3.22) (Model 1, Table 2). This association was primarily related to yogurt
consumption (HRper serving/day = 4.07, 95%CI 1.38—12.02), as the associa-
tion with cheese consumption was not statistically significant (Table 2). In the
fully adjusted model, only the association between yogurt consumption and
frail to pre-frail transition remained statistically significant (HRper serving/-
day = 3.68, 95%CI 1.10—12.31) (Model 2, Table 2).

4. Discussion

The current study investigated the association between dairy product
intake and frailty transitions in a cohort of Italian community-dwelling
adults older than 65 years enrolled in the InCHIANTI study. According to
our findings, this population's habitual consumption of total dairy
products was not significantly associated with frailty transitions’
probabilities during the 9 years of follow-up. Some previous studies
have assessed the association between dairy products and frailty risk,
obtaining inconclusive results [25-29,40-43]. A recent prospective
analysis of the Nurse’s Health Study found similar intakes of dairy
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products as our study: 0.83 servings of milk, 0.13 of yogurt, and 0.56 of
cheese per day. However, they showed that women with an intake of
cheese > 1 serving per day had a significantly increased risk of frailty
(RR =1.17, 95% CIL: 1.07, 1.28) (p <0.001) 29]. While, an analysis
performed by Rahi et al., found null results when evaluating the cross-
sectional and prospective associations between the intake of dairy
products (including total dairy, milk, fresh dairy, and cheese) and frailty
risk after 10 years of follow-up in a French cohort of older adults [26].
Likewise, O’Connell et al. observed no association between milk and dairy
consumption and physical frailty risk in an Irish Community-Dwelling
Older Adults cohort [17]. Similarly, another observational study on older
adults from the Korean Frailty and the Aging Cohort Study showed that
the “milk” pattern was not associated with the frailty status [44]. Other
results from the Nurse’s Health Study also found no significant association
between protein intake from dairy products and the frailty risk in fully
adjusted models 40].

On the contrary, Otsuka et al. observed that consumption of 161.5g
per day of milk and dairy products was positively associated with the
frailty transition from prefrail to robust among 130 older Japanese
participants of the Longevity Sciences-Longitudinal Study of Aging [41].
Moreover, Lana et al. found that participants consuming >7 servings per
week of low-fat milk and yogurt had a lower risk of frailty at 3.5 years of
follow-up (OR = 0.52,95% CI: 0.29—0.90) compared to those consuming
<1 serving per week in a Spanish population aged >60 years [25].
Likewise, a study based on Japanese older adults observed that a high
dairy intake was negatively associated with the frailty development
(OR =0.73, 95% CI: 0.55—0.96) after 2 years of follow-up [41].
Similarly, an analysis from the Framingham Heart Study (n = 2554 men
and women) showed an inverse association between yogurt intake and
the odds of frailty onset [28]. In the same way, our result shows that a
higher yogurt intake was associated with a greater probability to reverse
from frail to pre-frail status, which supports a potential beneficial effect of
yogurt intake. However, our statistical power analysis may have affected
this finding because the percentage of yogurt consumers was low, and the
probability for the transition from frail to pre-frail was nearly 18%
between different evaluations. Nevertheless, our study offers an
interesting insight into the current literature on this topic. It underlines
that the potential beneficial effect of certain dietary products may vary
based on the baseline frailty status.

Dairy products are one of the main sources of protein intake in older
people [43-46], and it is well known that adequate protein intake can

7501

500+

Number of individuals
N
[$))
o

o«
o

Time (year)

Frailty status D Robust D Pre—fraiID Frail D Death D Unknown

Fig. 2. Frailty status during study follow-up.

Notes: The category “Unknown” includes those either with missing data on frailty or with who did not participate at the specific assessment. (Number of

participants = 863, number of observations = 2510).
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Table 2
Association between dairy product consumption and transitions’ probabilities.
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HR (95%CI) of transition

From robust to

From pre-frail to

From frail to

Pre-frail Frail Died Robust Frail Died Robust Pre-frail Died
Model 1
Total dairy product 0.98 (0.9 1.18 (0.89 0.71 (0.45 0.96 (0.82 1.14 (0.97 1.04 (0.79 - 1.27 (0.97 0.88 (0.66
-1.07) -1.57) -1.14) -1.12) —1.34) —-1.38) —1.66) -1.18)
Fermented dairy 1.06 (0.93 1.11 (0.67 0.67 (0.37 0.93 (0.76 1.19 (0.93 1.03 (0.69 - 1.90 (1.12 0.86 (0.56
product -1.2) —1.84) -1.22) —1.15) —1.52) —1.54) —3.22) -1.32)
Yogurt intake 1.03 (0.74 0.76 (0.18 0.12 (0 1.33 (0.8 0.94 (0.48 0.86 (0.3 - 4.07 (1.38 1.61 (0.44
—1.42) —3.23) —4.76) —2.21) —1.83) —2.48) -12.02) —5.87)
Cheese intake 1.07 (0.93 1.19 (0.68 0.76 (0.4 0.89 (0.72 1.22 (0.94 1.06 (0.69 - 1.57 (0.91 0.83 (0.53
-1.23) -2.07) —1.42) -1.1) —1.58) -1.63) -2.71) —-1.29)
Non-fermented dairy 0.91 (0.8 1.22 (0.91 0.81 (0.39 0.98 (0.78 1.09 (0.87 1.06 (0.74 - 1.05 (0.72 0.93 (0.66
product —1.04) —1.65) -1.7) -1.22) —1.36) —1.54) —1.54) —1.31)
Model 2
Total dairy product 0.97 (0.90 1.19 (0.90 0.67 (0.41 0.93 (0.79 1.14 (0.96 0.98 (0.73 - 1.21 (0.91 0.90 (0.64
—1.06) —1.58) -1.11) -1.09) —1.35) -1.32) -1.61) —1.25)
Fermented dairy 1.06 (0.93 1.12 (0.67 0.70 (0.37 0.89 (0.72 1.19 (0.93 0.98 (0.64 - 1.71(0.92 0.77 (0.47
product —-1.21) —1.88) -1.32) -1.09) —1.52) —1.51) -3.19) —1.27)
Yogurt intake 0.97 (0.68 0.89 (0.21 0.17 (0.00 1.26 (0.74 0.93 (0.47 0.91 (0.29 - 3.68 (1.10 1.43 (0.34
-1.37) —3.66) —5.09) -2.13) -1.85) —2.84) -12.31) —6.04)
Cheese intake 1.08 (0.93 1.17 (0.67 0.78 (0.40 0.85 (0.69 1.22 (0.94 0.98 (0.62 - 1.32 (0.71 0.73 (0.44
—1.24) —2.06) —1.51) —1.05) —1.58) —1.55) —2.46) -1.23)
Non-fermented dairy 0.90 (0.78 1.21 (0.89 0.62 (0.27 0.99 (0.79 1.09 (0.87 0.98 (0.66 - 1.07 (0.75 0.98 (0.69
product —1.03) —1.65) —1.48) —-1.23) —1.38) —1.46) —1.50) -1.39)

Model 1 is adjusted for age, sex, and total energy intake. Model 2 is further adjusted for years of schooling, smoking habits, alcohol intake, cardiovascular disease, diabetes
mellitus, cancer, chronic kidney disease, and cognitive impairment. Abbreviations: HR, hazard ratio, 95%CI, 95% confidence interval.
Fermented dairy product as the sum of yogurt and cheese intake; Non-fermented dairy products correspond to the milk food item.

Bold values are those statistically significant (P-value<0.005).

induce a positive protein balance, stimulating muscle protein synthesis
and inhibiting protein breakdown [45]. Indeed, a systematic review [27]
concluded that consuming dairy products in older people could reduce
the frailty risk, considering a high intake of low-fat milk and yogurt. In
addition, they suggested that including nutrient-rich dairy proteins in the
usual diet (e.g., ricotta cheese) may reduce the risk of sarcopenia by
improving skeletal muscle mass. Fermented dairy products, and
especially yogurt, are considered nutrient-dense foods with good
digestibility and an important source of probiotics, which may a)
modulate gut microbiota, b) increase mineral absorption, and c)
positively affect immune system and metabolic pathways, all of which
could have a role in lowering frailty risk [46—-48]. Indeed, several studies
have proposed that nutrients, such as vitamin K from fermented dairy
products, could act as a cofactor in osteocalcin synthesis, favoring the
bone mineralization process [49]. Thus, a higher intake of dairy products
could decrease the risk of frailty by delaying sarcopenia and bone mass
loss, although further research is needed to elucidate possible mecha-
nisms. Another possible explanation for our results could be related to
social factors associated with the consumption of dairy products. One
could hypothesize that frail individuals with greater assistance from
formal or informal caregivers have more chances to keep a healthy dietary
style due to factors like masticatory difficulties or edentulism that are
common in frail subjects and can severely impact physical and muscle
health [50,51]. Moreover, as largely demonstrated, closer assistance to
older frail individuals can also positively promote physical activities and
social life, with an overall benefit on psychological well-being [52].
Strengths of this research are the size of the cohort studied with a
follow-up over 9 years, the use of a validated FFQ to estimate the habitual
intake of foods and nutrients, and the availability of repeated measures in
the analysis for dairy product consumption and frailty. This is very
relevant since older people, even frail ones, are susceptible to change their
dietary habits over time due to different factors that affect their health
status (physiologic, pathological, and/or psychologic factors) [53].

Among the main limitations, a part of the potential measurement error,
are the possible recall bias in the self-reported dietary assessment and the
lack of data concerning the type of dairy products (high-fat vs low-fat) in
the FFQ. Therefore, we cannot investigate if low-fat dairy products which
are recommended in the current dietary guidelines are more relevant for
reducing frailty risk. Lastly, frail to pre-frail transitions in our study (18%)
were lower than what was reported in previous systematic reviews
(around 35-40 %) [54,55]. This fact, most likely attributable to the mean
age at baseline of our population (mean age 74 years old), could have
biased our analyses. Although the calculated models were robust, not all
the transitions could be computed, for example frail to robust. Moreover,
the literature suggest that improvements in frailty are less frequent in
high-income countries, especially in the US, compared to other
geographical areas such as China and South America [54,55]. As the
consumption of dairy products, our study is also more comparable with
the US [29] than other areas, especially Asia [56]; therefore, the
generalizability of our results is probably limited to high-income
countries in Europe and North America.

5. Conclusion

In conclusion, this study suggests that consuming dairy products does
not play a strong role in preventing frailty development in older persons
living in a Mediterranean country. However, some dairy products,
especially yogurt, could promote frailty reversion due to their nutrient-
dense nature, providing high-quality protein, micronutrients, and
bioactive compounds. Moreover, including dairy products in an older
person’s diet is practical and convenient, especially if they have a
consistency that could overcome some barriers in food consumption, like
tooth loss and chewing difficulties. Most of the current dietary guidelines
recommend the consumption of 3 servings per day of low-fat dairy
products in adults, including in older adults [21]. Our findings are in line
with these public health recommendations for community-dwellings
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older adults, highlighting the potential key role of yogurt compared to
other dairy products. Nevertheless, gfurther studies are needed to
enhance the scientific evidence about this topic, differentiating between
low and high-fat dairy products and investigating populations from
different geographical areas considering baseline frailty status and its
transitions over time.
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