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CHANGES IN FUNCTIONAL CAPACITY IN POSTMENOPAUSAL
WOMEN ADHERING TO A MEDITERRANEAN DIET
E. Ardolino1, A. Garrett Ramos3, H. Hutchins-Wiese1,2, J. Kerstetter3, J. Bihuniak3, A. Kleppinger1, A.M. Kenny1

Abstract: Objectives: To evaluate whether Mediterranean style diet (MedSD) is associated with better physical performance. There
is evidence from large epidemiological studies that MedSD associates with lower risk of chronic disease and mortality. Poor
functional capacity, partially affected by poor physical performance, also predicts higher morbidity and mortality resulting in
higher healthcare costs. Design: One group, longitudinal pilot clinical intervention trial of 24 weeks total; 12 weeks observation
followed by 12 weeks intervention in 16 postmenopausal women (age>65 y) evaluating effects on physical performance. Setting:
Outpatient clinical research center. Participants: 16 postmenopausal women (age>65 y) selected for typical American diet.
Intervention: Women consumed their typical diet for 12 weeks followed by a 12-week MedSD intervention. A registered dietitian
counseled the subjects to make 4 dietary changes: 1) incorporate 3 tablespoons Extra Virgin Olive Oil (EVOO) daily; 2) include 3-5
servings/week of high omega-3 fish (salmon or tuna); 3) incorporate 1.5 ounces of walnuts daily; 4) incorporate increased amounts
of fruits, vegetables and whole grains. Measurement: Food frequency questionnaire scores, 3-day diet record, serum total fatty
acids, anthropometry, physical activity, functional capacity (chair rise time, single leg time, hand grip strength were measured.
Pre-post analysis compared the 2 weeks typical diet period with the 2 weeks MedSD intervention period. Correlations were used
to relate dietary change to physical performance change. Results: Diet analysis revealed adherence to the MedSD (p = < 0.001). No
significant differences were observed in hand grip strength or the Short Physical Performance Battery. Significant correlations
were found between change in chair rise time and changes in intake of carbohydrates (r= 0.587) and trans and saturated fat
(r= 0.818). Inability to identify other significant correlations in primary outcomes was likely affected by small sample size and
physically robust participant group. Conclusions: Alterations in consumption patterns to adhere to a MedSD, including reductions
in saturated fat and carbohydrate consumption, correlate with improvement in chair rise time. This study design can be used for
future studies with a larger group of frailer, older adults to assess the effect of MedSD on physical performance.
Key words: Mediterranean style diet; physical performance; postmenopausal women; omega-3 fatty acids.

Background
The Mediterranean diet (MedSD) is based on the
following basic principles: high fruit and vegetable
intake, moderate intake of fish, dairy, legumes, grain,
monounsaturated fatty acids (mostly olive oil), alcohol,
and low saturated fat intake. The health benefits
of adherence to a MedSD have been thoroughly
investigated and include: reduced mortality, reduced
cardiovascular event incidence and mortality, reduced
cancer incidence or mortality, and reduced incidence
of neurodegenerative disease (1-3 4). High levels
of fruits, vegetables, fish, and olive oil in a typical
MedSD and the nutrients that these foods contain such
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as flavonoids, phenols, polyunsaturated fatty acids
(PUFA), and monounsaturated fatty acids (MUFA) are
linked to improved health (5, 6). Thus far, there is little
research specifically assessing the effect of a MedSD on
functional capacity in older adults. We are interested in
investigating this question, especially considering the
significance of poor functional capacity in the geriatric
population and its correlation with mortality and poor
quality of life.
There are many proposed health benefits of adhering
to a MedSD that could improve functional capacity in the
geriatric population including improved inflammatory
state, improved nutrition status, and decreased obesity
(7-15). Various studies illustrate the nutritional benefits
of the MedSD and how it potentially could lead to
improvement in physical performance and the frailty
phenotype. Roche et al. suggest that the increase in use
of olive oil in the MedSD improves inflammatory state
by lowering of the toxic oxidative products of fatty acid
94
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oxidation by olive phenols (7, 16). Further, high levels
of omega (n)-3 long chain PUFA from fatty fish decrease
inflammatory markers TNF-alpha and IL-6 and increase
anti-inflammatory markers IL-6r, Il-10, and TGF-beta
(8). One study found that high levels of serum n-3 PUFA
from consuming fish are inversely correlated with decline
in physical performance (9). Similarly, substituting
MUFA such as those found in olive oil for saturated fats
(SFA) is associated with improved physical activity (10).
Epidemiological evidence suggests that micronutrient
deficiencies of beta-carotene, Vitamin D, folate, Vitamin
E, and Selenium, are independently associated with an
increased frailty phenotype and decreases in physical
performance (11-14). A large meta-analysis demonstrated
that following a MedSD has also been associated with
weight loss (17). Clinical trials have also shown that
central obesity is associated with poor locomotion,
increased back pain and knee pain (15).
The purpose of the study was to assess the effects of
adherence to a MedSD (rich in fish, olive oil, walnuts,
legumes, fruit and vegetables) on characteristics of frailty
and physical performance including weight loss, hand
grip strength, endurance, reported physical activity, and
walking speed.

intake >3 drinks/day, having an allergy to fish or nuts.
In addition, if potential participants consumed more
than four servings/day of fruit and vegetable, 2 or more
servings/week of fatty fish, or consumption of 3 or
more servings/week of any seafood (achieving a score
(45/55 on the Mediterranean-Style Dietary Pattern Score
(MSDPS) were excluded. The study was approved by
the Investigational Review Board at the University of
Connecticut Health Center (UCHC). All participants gave
their written informed consent.

Diets
Subjects followed their typical diets for the first 12
weeks of the study. They were instructed by a Registered
Dietitian not to make any major changes to their typical
diet (i.e. do not introduce new diet habits or eliminate
foods or food groups) and not to change their nutritional
supplements or physical activity. This period served as
the control for the intervention phase.
After the 12 week control phase, women crossed over
to the intervention phase at which time, participants
were educated by a Registered Dietitian to begin the
MedSD. MedSD intervention included four components:
1) incorporation of 3 tablespoons extra virgin olive oil
(EVOO) daily; 2) incorporation of 3-5 servings/week of
high n-3 fish (salmon or tuna); 3) incorporation of 1.5
ounces of walnuts daily; 4) general recommendations
for the incorporation of increased amounts of fruits,
vegetables and whole grains. Participants were provided
with the first three components of the diet at the
research site, and were instructed on how to make the
changes involved in the fourth component on their own.
Participants could choose any combination of frozen
tuna steaks, frozen salmon fillets, or canned tuna in
water to meet the requirements of the second dietary
component. In order to maintain consistent calorie
consumption and prevent weight gain, subjects were
counseled about the importance of making the above
dietary changes via replacement of already existing
foods rather than addition of these foods (i.e. EVOO
to replace butter, salmon to replace beef or pork, etc.).
In addition, participants were counseled in the overall
goals of the Mediterranean diet and given a copy of
The Mediterranean Diet by Marissa Cloutier and
Eve Adamson, 2004. The counseling sessions lasted
approximately 60 minutes per encounter, included the
use of food props and left ample time for questions and
answers.

Methods
Participants
Thirty-three postmenopausal women were contacted
from a list of volunteers from previous studies conducted
in the University of Connecticut Center on Aging
screened via telephone for participation. Ten women
failed telephone screening leaving 23 postmenopausal
women who voluntarily enrolled. Seven of these subjects
were dropped during the study period secondary to
changes in supplement use (meeting exclusion criteria),
resulting in a total of 16 participants completing the
study. The trial design was a one group, single crossover
longitudinal pilot clinical intervention. Each subject
followed a baseline control diet for 12 weeks and then
switched to a MedSD. Subjects visited the research site
every 3 weeks for a total of 9 visits.
Exclusion criteria included women less than 65 years,
any disease that may affect bone metabolism, cancers of
any kind (except basal or squamous cell of the skin) in
the past 5 years, use of medication known to affect bone
metabolism, participating in physical activity more than
75 minutes/day for 6 days/week, dietary behaviors or
supplementation in excess of DRI upper limits, vitamin D
supplementation in excess of 10,000 IU/day, total calcium
consumption from food and supplements exceeding
2,000 mg/day, following a medically prescribed diet or
dietary pattern similar to the MedSD, history of chronic
renal or liver disease, history of hip fracture or known
vertebral fracture within the past year, alcoholic beverage

Data Collection
Participants traveled to the Center on Aging at the
UCHC in Farmington, Connecticut for each study visit.
Diet was recorded with a Harvard Mediterranean food
frequency questionnaire (FFQ) (baseline, week 12, and 24)
95
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Table 1
Characteristics of participants at baseline, week 12 (end of observation period) and week 24 (end of Mediterranean
Diet intervention)
N=16

P Comparison of
Change between
Intervention Periods

Baseline

12 weeks

24 weeks

76.13 ± 4.29

76.63 ± 4.26

76.75 ± 4.30

.054

Weight (kg)

65.77 ± 9.90

65.10 ± 9.49

65.26 ± 9.57

.122

Body mass index (kg/m2)

25.82 ± 3.12

25.62 ± 3.14

25.69 ± 3.12

.192

Lean mass (kg)

38.41 ± 5.79

39.51 ± 7.50

37.74 ± 5.66

.174

Fat mass (kg)

27.16 ± 5.37

26.66 ± 5.60

27.49 ± 5.37

.033

Waist Circumference

82.56 ± 8.56

81.34 ± 8.30

81.66 ± 8.83

.384

Handgrip strength average (Kg)

21.56 ± 4.24

21.58 ± 5.00

21.62 ± 4.41

.992

Handgrip strength maximum (Kg)

22.25 ± 4.31

23.12 ± 4.13

22.25 ± 4.67

.379

Age (years)
Body composition

Physical Performance
Hand-grip strength

Short Physical Performance Battery
(SPPB)
Walk best in 8 feet (secs)

2.07 ± 0.48

2.21 ± 0.52

2.25 ± 0.50

.466

Rise time from chair 5 times (secs)

11.18 ± 3.55

11.75 ± 2.46

11.09 ± 2.49

.173

Single leg stance time (secs)

21.33 ± 10.95

22.54 ± 10.59

21.36 ± 10.93

.428

and reviewed with the subject by a Registered Dietitian
for accuracy. An 11-question Mediterranean-Style
Dietary Pattern Score (MSDPS (18) was calculated from
the FFQ at visits baseline, week 12 and 24. MSDPS scores
ranged from 0-55, with higher scores indicating greater
adherence to a MedSD.
At baseline, weeks 6, 12, 18 and 24, blood was collected
and serum separated and stored at -80°C until analysis.
Fatty acids were extracted, methylated, and the resulting
methyl esters (FAME: fatty acid methyl esters) were
analyzed by gas chromatography. Individual fatty
acids were identified from sample peak comparison
to authentic FAME standards and reported as area
percentage of total fatty acids.

determined by combining the lean tissue mass of the
regions of the arms and legs, excluding all other regions
from analysis (19).
Physical performance was assessed by the hand grip
strength (Jamar hand-held dynamometer), and the Short
Physical Performance Battery (SPPB) which includes
ability to rise from a chair, static balance and the timed 8
foot walk (20) were assessed at baseline, 12 and 24 weeks.

Statistical Analysis

Body Composition, Strength testing and
Physical Performance testing
Total and regional lean tissue masses of volunteers
were determined from a whole body dual x-ray
absorptiometry (DXA) DPX-IQ scanner (GE Medical
Systems Lunar, Madison, WI); all scans were obtained
by the same certified technician. At baseline, whole
body scan provided total lean body mass [LBM (kg)],
total fat mass (kg) and total body bone mineral content
(kg). Appendicular skeletal muscle mass (ASM) was
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The primary outcomes in this study were physical
performance measures after a change in diet. First,
change in dietary factors and physical performance was
calculated by subtracting the 12 week visit measures
from baseline measures for change during the baseline
period. Next, intervention change was calculated by
subtracting the 24 week measures from 12 week measures
for changes due to Mediterranean diet. Change in
physical performance measures was compared using
paired t-tests. As a secondary analysis, paired t-tests were
performed to detect changes within each 12 week period.
Correlations compared associations between dietary
changes and physical performance changes. Descriptive,
correlations, and mean change comparisons were
assessed using SPSS statistical software (version 19 for

JOURNAL OF AGING RESEARCH AND CLINICAL PRACTICE©

Windows). All data were tested for normality using the
Shapiro-Wilk test and a p-value of <0.05 indicated that
the data differed significantly from a normal distribution.
All change scores were normally distributed.

(Table 1). Women had significant improvement in their
Mediterranean Diet Score (MDS) during the period of
Mediterranean diet compared to typical diet (p<0.001),
but no significant differences in macronutrients were
noted (Table 2). Several key serum fatty acids changes
were seen including decreases in long chain n-6 fatty
acids (22:4n6; 22:5n6) and increases in several long chain
n-3 PUFA (20:5n3 and 22:6n3) (21).
We compared changes in physical performance
measures during typical (weeks 1 through 12) and
Mediterranean diet (weeks 12 through 24) periods and
did not find significant differences in hand grip strength
or the Short Physical Performance Battery. We then
looked for correlative changes in physical performance
with changes in diet. Significant correlations were found
in change in chair rise time and changes in carbohydrate
intake (r = 0.587) and trans and saturated fat intake (r =
0.818) (Figure 1).

Figure 1
The association between change in chair rise time and
change in trans-and saturated fats (a) and carbohydrates
(b) with diet modifications consistent with a
Mediterranean diet

Discussion

Results
The enrolled sample at baseline (visit 1) included 22
postmenopausal women, with a mean age of 77±6.8
years, mean weight of 65.4±8.7 kg, and mean BMI of
25.4±2.9 kg/m2. By the conclusion of the study, three
subjects were dropped because they began taking
fish oil supplements after enrollment, and three were
dropped because it was discovered that they had initially
underreported their typical intake of Mediterranean
foods, leaving 16 subjects who completed the study.
Weight, BMI, lean mass and waist circumference did
not change significantly throughout the study period
from week 1 through week 24. Fat mass initially declined
during the typical diet and then returned to baseline
values following adoption of the Mediterranean diet
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Adherence to a MedSD can benefit many aspects of
health. By studying a small group of postmenopausal
women during a period of their typical American-style
diet low in fruits, vegetables and monosaturated fats
and a period of the MedSD, we hoped to find evidence
to suggested this diet can be beneficial to older adults by
improving their physical function. While the results of
this study did not reveal statistically significant changes
in physical performance endpoints, small changes were
detected in rise time which would suggest a trend toward
improvement, especially if larger studies are performed
in the future. Additionally, further investigation of the
data demonstrated statistically significant correlation
between chair rise and reduction of dietary carbohydrates
and trans and saturated fats throughout the intervention
period.
This study also accomplished an important goal as
a pilot study, by demonstrating that this population is
able to adhere to the Mediterranean style diet (p<0.001).
Some of the dietary changes were facilitated by providing
portions of fish, walnuts, and olive oil to the participants,
but most of the changes were made by the participants,
demonstrating willingness and ability to adhere to the
diet. Proving effective adherence to a diet is important
clinically (22) and the MedSD should be considered as a
legitimate option.
A possible limitation of this study is the relatively
high starting physical performance level of this patient
population, which could partially explain the low effect
size for physical performance measures. Theoretically,
the changes that would be expected from a patient
who already has a high SPPB or short chair rise time
would be less than for a patient who is less physically
fit with more potential for improvement. For instance,
the group’s mean chair rise time prior to intervention
was within normal range (11.8 seconds). Similarly,
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Table 2
Dietary and fatty acid characteristics of participants at baseline, week 12 (observation period) and week 24 (following
Mediterranean diet intervention)
P Comparison of
Change between
Intervention
Periods
Mediterranean Diet Score

Baseline

12 weeks

24 weeks

31.69 ± 3.32

33.13 ± 4.30

41.31 ± 3.67

<.001

86.03 ± 46.16

74.71 ± 22.38

92.45 ± 63.17

.217

Dietary intake FFQ
Protein (g)
Total calories

2068 ± 1189

1855 ± 501

2267 ± 1550

.803

Carbohydrate

286.04 ± 164.64

246.46 ± 70.69

266.24 ± 164.12

.329

Total fat

80.29 ± 47.16

66.65 ± 18.95

93.74 ± 72.38

.173

Trans and saturated fat

28.57 ± 19.40

25.08 ± 8.10

28.15 ±19.66

.437

Poly and monosaturated fat

45.87 ± 29.12

37.17 ± 10.30

59.88 ± 48.97

.103

14:0

.674 ± .215

.581 ± .214

.478 ± .207

.865

16:0

19.851 ± 1.917

19.685 ± 1.898

18.506 ± 1.655

.035

16:1t

.444 ± .065

.431 ± .050

.400 ± .080

.518

16:1n7

1.973 ± .611

1.924 ± .620

1.507 ± .567

.061

17:0

.275 ± .036

.273 ± .041

.254 ± .032

.142

18:0

8.351 ± 1.421

8.243 ± 1.186

8.548 ± 1.677

.414

18:1n9

18.043 ± 2.140

18.246 ± 2.843

17.062 ± 2.265

.185

18:1n7

1.556 ± .198

1.582 ± .195

1.455 ± .247

.027

18:2n6

31.255 ± 3.172

31.282 ± 4.882

34.422 ± 3.952

.036

18:3n6

.557 ± .230

.561 ± .248

.492 ± .224

.108

18:3n3

.626 ± .217

.612 ± .216

.881 ± .333

.019

20:2n6

.280 ± .086

.285 ± .093

.280 ± .066

.617

20:3n6

1.003 ± .744

1.048 ± .757

1.009 ± .650

.493

20:4n6

8.602 ± 2.252

8.971 ± 2.087

8.085 ± 2.045

.005

20:5n3

.815 ± .352

.771 ± .277

1.068 ± .500

.022

22:4n6

.215 ± .042

.227 ± .043

.172 ± .062

<.001

22:5n6

.167 ± .068

.165 ± .076

.121 ± .072

.042

22:5n3

.541 ± .107

.541 ± .091

.499 ± .098

.065

22:6n3

2.007 ± .381

1.982 ± .337

2.534 ± .465

.001

Total Saturated fatty acids

24.28 ± 16.21

23.09 ± 7.59

25.95 ± 18.31

.439

Total Monosaturated fatty acids

27.37 ± 17.92

23.49 ± 6.70

37.14 ± 30.80

.119

Total Polyunsaturated fatty acids

15.40 ± 8.65

13.68 ± 3.77

22.74 ± 18.95

.088

Total n-3

.263 ± .234

.204 ± .104

.549 ± .529

.066

Total n-6

13.49 ± 7.72

11.39 ± 3.16

19.43 ± 16.03

.070

n-6:n-3

65.63 ± 32.74

90.55 ± 100.75

41.77 ± 16.57

.235

LC n-3

.282 ± .242

.217 ± .106

.572 ± .549

.066

LC n-6

.175 ± .101

.148 ± .044

.259 ± .227

.158

LC n-6:n-3

.780 ± .456

.985 ± .996

.500 ± .134

.124

Serum Fatty Acid
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the average walking speed in this patient population
prior to intervention was 1.178 m/s, which qualifies as
normal gait speed in the SPPB (slow gait: <0.78 m/s).
Both chair rise time and gait speed are moderate to good
predictors of frailty in community dwelling older adults
(23). In other studies of individuals selected for excellent
function, interventions such as dehydroepiandrosterone
were not effective (24, 25), but when given in a more
frail population, improvement in function was seen
(26). Therefore, the population selected for this study is
most likely not an adequate representation of the frail
phenotype. Selecting for frailer subjects in future studies
should improve the ability to observe significant changes
in physical performance measures.
Another similar limitation to our data is that the
average participant followed a typical diet rich in protein
and moderate in calories prior to the intervention,
consuming an average of 801 IU of Vitamin D, 1.28 g/kg
of protein, 0.99 grams of Omega n-3 PUFA, which are all
above the recommended daily intake of these nutrients
(27). Subjects were excluded if their typical diet were
characteristic of a MedSD, but participants were selected
from generally affluent areas and likely had significant
pre-intervention exposure to education and resources
that would portend healthier eating habits. Potential
positive health benefits of the MedSD theoretically
might have a lesser effect on subjects with a balanced,
nutritious pre-intervention diet. A correlation between
good general nutrition status and physical performance
has been established. Studies have shown that patients
who meet criteria for “well-nourished” with high the
Mini Nutritional Assessment have significantly higher
mobility index, ADL index, higher performance tests
index, and higher hand grip scores (28). Similarly, any
diet (MedSD or non-MedSD) rich in omega-3 fatty acids,
vitamin D, protein, and antioxidants have been found to
decrease the risk of sarcopenia in older adults (27, 29). In
future studies of this type, it would be beneficial to study
a set of participants with poorer overall nutritional status
in order to better detect the effects of a MedSD.
In many of the key nutrition and anthropomorphic
categories, patients improved during the typical diet
period, prior to the MedSD intervention. On average in
the pre-intervention period, participants lost 0.68 kg, lost
1.23 cm in waist circumference, decreased their BMI by
0.21, increased their lean mass by 1.1 kg, decreased their
fat mass by 0.51 kg, and increased their Mediterranean
diet score by 1.44 points. A likely explanation for
these data is that participants became more aware of
their typical diet and made diet changes outside the
recommendations of the study. Therefore, a Hawthorne
effect likely affected our ability to detect significant
changes in endpoints throughout the intervention period
(30).
The MedSD has been lauded for its numerous health
benefits, and is therefore of great interest to the medical
community. Our study suggests that certain aspects

of the MedSD are correlated with improvement in
physical performance in the elderly. Inability to find
other significant changes in primary outcomes was
likely affected by small sample size, physically robust
participant group, and a Hawthorne effect. However,
by demonstrating this correlation between MedSD and
physical performance along and by proving effective
participant adherence, we are confident that this proves
the clinical utility of this diet and we believe that further
clinical investigations with a larger group of frailer, older
adults with a similar study design is warranted.
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