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A B S T R A C T   

Objetives: The present study aimed to evaluate the effect of a 13-week COVID-19 lockdown on health-related 
parameters in women aged 60–70 years. 
Study design: Thirty women participated in this longitudinal study. All the assessments were performed before 
and 13 weeks after the initial phase of the COVID-19 pandemic in Spain (March to June 2020). 
Main outcome measures: A sociodemographic questionnaire was provided, and tests were performed to assess 
muscle strength, anthropometric measurements, densitometry, blood pressure, blood parameters, Mediterranean 
diet adherence, and physical activity levels. 
Results: After the lockdown, both healthy and unhealthy lifestyle groups showed a significant worsening of HDL, 
cholesterol/HDL lipids, and isometric knee extension strength parameters. However, individuals with an un-
healthy lifestyle also showed a significant worsening in LDL lipids, Non-HDL lipids, bone mineral density of the 
femoral neck, fat mass/height (%), truncal fat mass (absolute and percentage), total fat mass (absolute and 
percentage) and handgrip strength. 
Conclusions: The COVID-19 pandemic had a negative impact on the overall health status of Spanish older women, 
potentially increasing their susceptibility to comorbidities, such as lipid cholesterol, body fat, and decreased 
muscle strength.   

1. Introduction 

The Coronavirus disease (COVID-19) has become the world's leading 
health news headline. Health authorities in most countries have imposed 
certain restrictions to prevent the spread of the virus. Unfortunately, 
these restrictions inevitably disrupted the daily activities of tens of 

millions of people, with lockdown becoming a trigger for the deterio-
ration of physical capacity, specially in older population who may have 
suffered the most from confinement and post-confinement [1]. 

COVID-19 lockdown could have affected some health parameters, 
such as level of physical activity and diet, which are risk factors for 
several cardiovascular and metabolic diseases, such as hypertension, 

Abbreviations: BMC, bone mineral content; BMD, bone mineral density; BP, Blood parameters; Chol, total cholesterol; COVID-19, Coronavirus disease; DBP, 
Diastolic blood pressure; DXA, Dual energy X-ray absorptiometry; FM, Fat mass; GPAQ, Global Physical Activity Questionnaire; HDL, High-Density Lipoprotein 
cholesterol; HL, healthy lifestyle; HG, Handgrip strength; IKE, maximal isometric knee extension strength; IPAQ, International Physical Activity Questionnaire; ISAK, 
International Society for the Advancement on Kinanthropometry; LDL, Low-Density Lipoprotein cholesterol; MDA, Mediterranean diet adherence; MVPA, moderate 
to vigorous physical activity; PR, Pulse rate; PREDIMED, prevention with Mediterranean diet; SBP, Systolic blood pressure; Trig, triglycerides; UL, unhealthy lifestyle; 
WHO, World Health Organization. 
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dyslipidaemia and obesity [2–4]. About the reduction of the physical 
activity, long hours at home may lead to increased sedentary behavior 
and inactivity, long periods of sitting and lying down; all of which in-
creases the risk of developing or exacerbating chronic diseases [5,6]. 
Additionally, this isolation resulted in changes in dietary intake of adults 
and older people that may have increase body fat, accelerated sarco-
penia and led to a decline in muscle mass and strength [7]. 

Most of the longitudinal studies on the effects of lockdown due to 
COVID-19 have been conducted with young or adult populations, but 
there are hardly any studies with older people [8]. Therefore, the aim of 
the present study was to analyze the effects of 13-week of lockdown due 
to COVID-19, on different health parameters: physical activity level, 
Mediterranean diet adherence, anthropometric measurements, blood 
parameters, densitometry parameters, and muscle strength levels of 
older women. 

2. Methods 

2.1. Design 

This study is a part of the ongoing project (ClinicalTrials.gov Iden-
tifier: NCT04958499). Pre-test measurements were taken to begin the 
intervention specified in this clinical trial. However, this intervention 
could not be carried out due to COVID-19 pandemic. Instead, the present 
research was conducted, for which external funding was obtained, with 
additional permission provided by the institutional ethics committee for 
it to be carried out. This longitudinal study design followed the Strobe 
Statement [9]. 

2.2. Participants 

The participants were volunteer woman form the nearby areas of the 
institution. The sample was collected through announcements in 
women's centers, senior centers, social centers and health centers in 
nearby areas. Thirty Spanish women between 60 and 70 years of age 
participated in the study. The inclusion criteria were: being between 60 
and 70 years of age and being female. Participants with smoking, self- 
reported alcohol dependence, chronic kidney disease, infectious dis-
eases and/or coronary heart disease were excluded from the study. This 
research could present response bias. Women who came voluntarily to 
participate in the research could be the most concerned about their 
health; leaving out of it those women who have a worse lifestyle. 

Before the start of the research protocol, all the participants were 
informed about the experimental protocol (objectives, methods, benefits 
and risks). All the women underwent assessments before (pre) and after 
(post) the 13-week period of COVID-19 pandemic isolation (Fig. 1). The 
pre-tests were performed in February 2020, and the post-tests were 
performed in June 2020. 

Rstudio 3.15.0 software was used to establish the sample size. The 
significance level was set at α = 0.05. According to the standard devi-
ation established for the Femoral neck bone mineral content (BMC) in a 
previous study [10] and a estimated error of 0.04 g, a valid sample size 

of 30 was needed for a confidence interval of 95%. 

2.3. Ethics approval and consent to participate 

The study obtained approval CE052002 from the Catholic University 
of Murcia ethics committee on research, in accordance with the Decla-
ration of Helsinki. All patients signed written informed consent forms 
prior to participating in the study. 

2.4. Variables and instruments 

The same researchers performed all the measurements in a single 
session between 8:00 and 14:00 h. The participants were examined 
barefoot with the temperature of laboratory standardized at 24 ◦C. 
Before the test measurement, the participants did not perform warm-up 
or stretching exercises. There was a 5-minute rest between 
measurements. 

2.4.1. Mediterranean diet adherence 
The prevention with mediterranean diet (PREDIMED) questionnaire 

was used, an instrument for dietary evaluation that provides informa-
tion on the Mediterranean diet adherence (MDA) of older adults, which 
was previously validated in the Spanish population [12]. 

2.4.2. Physical activity level 
The Global Physical Activity Questionnaire (GPAQ) is a modified 

version of the International Physical Activity Questionnaire (IPAQ), and 
was developed by the World Health Organization (WHO) [13]. This 
questionnaire classifies participants according to activity level as the 
main objective of physical activity measurement, and allows for the 
study of trends and associations with other types of behavior or health 
outcomes. 

2.4.3. Kinanthropometric measurements 
Kinanthropometric parameters were measured based on the stan-

dards of the International Society for the Advancement on Kinan-
thropometry (ISAK) [14]. Weight (kg) was evaluated in light clothing 
without footwear by using an electronic scale (Seca 877, Birmingham, 
UK), and height (cm) was measured using a stadiometer (Seca 763, 
Birmingham, UK). 

2.4.4. Blood parameters 
Blood parameters (BP) were measured following the recommenda-

tions for older patients [15]. Systolic blood pressure (SBP), diastolic BP 
(DBP), and pulse rate (PR) were measured using a calibrated automatic 
arm device (OMRON, model HEM-7113). The final value for BP, SBP and 
DBP was the mean of two recordings with three minutes apart. 

Finger stick blood samples were collected before 9-h. The Afinion™ 
Analyzer (Alere, Ltd., Stockport, UK) device was used for the lipid panel 
test. This test measured total cholesterol (Chol), High-Density Lipopro-
tein cholesterol (HDL), Low-Density Lipoprotein cholesterol (LDL), Tri-
glycerides (Trig), Non-HDL Lipids (LipidNonHDL) and the Chol/HDL 

Fig. 1. Experimental design.  
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ratio in whole blood, serum and plasma to be used in the diagnosis and 
treatment of lipid disorders. 

2.4.5. Densitometry measurements 
Bone mineral content (BMC), bone mineral density (BMD) and body 

composition were measured with Dual energy X-ray absorptiometry 
(DXA) (QDR 4500A, fan-beam densitometer, Hologic, Waltham, MA, 
USA). This method is used for body composition measurements for the 
evaluation of soft tissue composition, fat mass (FM), lean mass and total 
mass [16]. The variables measured included: Spine BMC and BMD; 
Femoral neck BMC and BMD; FM/Height; Lean mass/Height; Total and 
percentage FM; and Total and percentage trunk FM. 

2.4.6. Muscle strength measurement 
To measure muscle strength, the participants performed two tests: 
Handgrip strength test (HG). HG was measured in a standing position 

with the arms at the sides. The participants performed one repetition in 
each hand to familiarize themselves with the device and the test. Each 
participant was asked to squeeze the grip with maximal strength for 3 s 
with the right hand. The highest peak strength (kg) recorded between 
the three attempts was considered for analysis. A digital grip strength 
dynamometer was used for this (TKK 5401; Takei Scientific Instruments 
Co., Ltd., Tokyo, Japan). 

To determine the maximal isometric knee extension (IKE) strength, 
the participants were assessed while seated with a knee and hip angle of 
90◦. Participants seated in a chair were instructed to push as strong as 
possible for three seconds while provided with verbal encouragement. 
The extension test was assessed with a force transducer (Musclelab, 
Ergotest, Norway) sampling at 1000 Hz. The subjects performed three 
IKE tests with 2 min of rest between tests. The maximum peak force in 
Newton (Nm) was collected. 

2.5. Statistical analysis 

The Kolmogorov–Smirnov test and Mauchly's W-test were used to 
evaluate the normality and the sphericity of the data. The mean and 
standard deviation were calculated from the quantitative variables, and 
frequency and percent were used for the qualitative variables. The 
participants were categorized as having a healthy lifestyle (HL) or un-
healthy lifestyle (UL). HL was considered to be those who complied with 
at least 300 min of moderate to vigorous physical activity (MVPA) 
(WHO extended recommendation to achieve greater benefits than the 
recommended 150 min), and who maintained a MDA (above 9 points, 
calculated according to the mean and median of the sample) vs UL, those 
who did not comply with either or both parameters. Analysis of 
covariance (ANCOVA) using to comparing the change from baseline 
between groups. This analysis was performed unadjusted and adjusted 
by age as in previous research studies [7]. A two-way ANOVA with 
repeated measures in 1 factor (time) was used to analyze inter- and 
intra-group differences. An error of p ≤ 0.05 was established. The sta-
tistical analysis was performed using the statistical package SPSS 21.0 
for Windows. 

3. Results 

A total of 40 women volunteered for the study. Two women were 
eliminated for not meeting the inclusion and exclusion criteria. Thirty- 
eight women were included in the study and were measured at pre- 
test. All of them were contacted to attend the post-test. Three women 
were infected with Covid at the time of the post-test and 5 women were 
reluctant to come forward to those detected for fear of contracting 
Covid. Thirty women attended the post-test and are analyzed in this 
study. 

Table 1 show the characteristics of the sample. The sample consisted 
of Spanish women between 60 and 70 years old. More than 50% of them 
were married, retired, and with an educational level corresponding to 

elementary school. Approximately three-quarters of them lived with a 
partner, and two out of three had an UL. 

Table 2 shows that LDL increased (+10.30 ± 3.19; p = 0.003), HDL 
decreased (− 7.01 ± 1.78; p = 0.001), Non-HDL lipids increased (+8.73 
± 3.02; p = 0.007), Chol/HDL lipids increased (+0.42 ± 0.08; p <
0.001), femoral neck BMD decreased (− 0.02 ± 0.01; p = 0.017), percent 
FM/height increased (+0.37 ± 0.10; p = 0.002), total FM (kg) increased 
(+0.81 ± 0.24; p = 0.002), percent FM (%) increased (+0.67 ± 0.21; p 
= 0.003), total trunk FM (kg) increased (+0.53 ± 0.20; p = 0.013), 
percentage trunk FM (%) increased (+1.06 ± 0.33; p = 0.003), HG 
decreased (− 0.87 ± 0.36; p = 0.023) and IKE decreased (− 302.80 ±
24.14; p < 0.001) after the lockdown, significantly. When these changes 
were adjusted by age values are maintained. 

Table 3 shows the changes before and after lockdown according to 
HL and UL. The HL group showed a decrease in HDL (− 6.85 ± 3.04; p =
0.033), increase in Chol/HDL lipids (0.29 ± 0.11; p = 0.012), increase 
trunk FM (1.16 ± 0.51; p = 0.032) and decrease in IKE (− 303.06 ±
41.90; p < 0.001), significantly. The UL group showed a increased BMI 
(0.41 ± 0.16; p = 0.015), and increased LDL (+13.76 ± 3.33; p <
0.001), decreased HDL (− 6.91 ± 1.87; p = 0.001), increased Non-HDL 
lipids (+14.15 ± 3.02; p < 0.001), increased Chol/HDL lipids (+0.51 
± 0.07; p p < 0.001), decreased femoral neck BMD (− 0.02 ± 0.01; p =
0.009), increased FM/height (%) (+0.46 ± 0.11; p < 0.001), increased 
trunk FM (kg) (+0.52 ± 0.22; p = 0.024), increased trunk FM (%) 
(+1.04 ± 0.32; p = 0.003), increased total FM (kg) (+1.05 ± 0.26; p <
0.001), increased total FM (%) (+0.87 ± 0.21; p < 0.001), decreased HG 
(− 0.80 ± 0.38; p = 0.046) and decreased IKE (− 304.29 ± 25.75; p <
0.001), significantly. No differences were observed between groups in 
the pre-post lockdown change. 

4. Discussion 

The main objective of this study was to analyze the effects of 13-week 
period of lockdown due to COVID-19 on different health parameters: 

Table 1 
Characteristic of the sample.  

Variable %(n) or X ± SD 

Age (year-old) 64.43 ± 4.58 
Height (cm) 154.15 ± 7.49 
Body mass (kg) 71.27 ± 12.60  

Marital status 
Single 6.67 (2) 
Married 56.67 (17) 
Separated 6.67 (2) 
Widow 30 (9)  

Occupation 
Full-Time Worker 13.33 (4) 
Part-Time Worker 6.67 (2) 
Unemployed 20 (6) 
Retired 60 (18)  

Education level 
No education 13.33 (4) 
Elementary school 56.67 (17) 
High school 16.67 (5) 
Bachelor's Degrees or higher 13.33 (4)  

Living status 
Living with someone 73.33 (22) 
Living alone 26.67 (8)  

Lifestyle (Active and Mediterranean diet adherence vs non-active or no adherence) 
Healthy 30 (9) 
Unhealthy 70 (21)  
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physical activity level, Mediterranean diet adherence, anthropometric 
measurements, blood parameters, densitometry parameters and muscle 
strength levels of women aged 60–70 years. The results showed that 
blood HDL, LDL and Non-HDL lipid values worsened after lockdown, 
with a significant increase in LDL and a decrease in HDL, as in previous 
studies [17]. In addition, in the present study, a significant worsening of 
HDL and cholesterol/HDL lipid values was observed in individuals who 
had a HL and UL due to the lockdown, but those who had an UL also 
presented a worsening LDL, and Non-HDL lipid values. Therefore, 
maintaining a healthy lifestyle during the lockdown period, including 
physical activity and a healthy diet, could decrease the negative effects 
of habit changes on blood parameters during lockdown [17,18]. These 
changes in daily life may increase the risk of developing heart disease in 
the long term [18], with this being especially relevant in the population 
of the present investigation as they are adult and older women; thus, age 
should be taken into consideration as it increases the predisposition to 
cardiovascular disease [19]. 

Regarding blood pressure, SBP significantly increased with age. This 
may pose a risk, as a high SBP associated with age has been associated to 
the possible occurrence of major cardiovascular disease events, coronary 
heart disease, stroke, and heart failure in other studies [24]. In contrast, 
no significant changes were found in SBP, DBP or BP pre and post 
lockdown. Furthermore, differences were not found between HL and UL. 
The lack of changes may be due to the average time period elapsed [25]. 

The present investigation also found a significant increase in trunk 
FM (absolute and percentage), total FM (absolute and percentage), and 
FM/height percentage after lockdown, in line with previous studies 
[26]. Considering that in the adult and older population, height does not 

usually change in the short term [27], the increase in FM/height per-
centage could be due to the changes found in FM. Previous studies have 
shown that lockdown led to a decrease in the level of physical activity or 
a worsening of eating habits, including a higher frequency of snacking, 
with these factors affecting the female gender to a greater extent [28]. 
Not surprisingly, in the present study, it was found that those with an UL 
were women who showed the greatest significant increase in the vari-
ables related to total and trunk fat accumulation and increased signifi-
cantly in BMI as well. Another possible explanation could be that there 
was an increase in total FM and trunk FM with age [29]. The area of fat 
mass distribution is a factor to consider, as total FM has been correlated 
with different levels of cardiometabolic risk, as well as trunk FM, which 
is associated with a high risk of cardiovascular disease [29]. Therefore, 
in light of the results of the present study, older women who have an UL 
would have a higher probability of suffering from this type of 
pathologies. 

Regarding bone mass, in general no differences were found when 
comparing the pre-post lockdown variables. However, when dividing 
the women according to their lifestyle, a significant decrease in femoral 
neck BMD was found in those with an UL. These changes in normal (non- 
lockdown) situations may be due to multiple reasons, including genetics, 
some types of medication, other diseases, nutrition and lifestyle [30]. 
With respect to the latter, it is worth noting that lifestyle was one of the 
most affected factors during the lockdown [23]. The first cause may be 
physical inactivity and a sedentary lifestyle [31]. Disuse or prolonged 
periods of inactivity such as lockdown or the absence of stimulus on the 
skeleton, favor the reduction of bone mass, making it more fragile, while 
subjecting it to a mechanical load through exercise increases bone mass 

Table 2 
Effect of lockdown due to Covid pandemic (Unadjusted and adjusted by age).   

Unadjusted Adjusted by age 

Variable Pre-test 
(M ± SD) 

Post-test 
(M ± SD) 

Difference post-pre (M 
± SD) 

p 95% CI 
(Mpost-Mpre) 

Difference post-pre (M 
± SD) 

p 95% CI 
(Mpost-Mpre) 

BMI (kg/m2) 29.97 ± 4.54 30.25 ± 4.67 0.28 ± 0.16 0.097 − 0.05;0.61 0.26 ± 0.15 0.097 − 0.05;0.56 
BP (mmHg) 97.43 ± 11.16 95.5 ± 11.29 − 1.89 ± 2.22 0.403 − 6.43;2.67 − 2.00 ± 2.24 0.38 − 6.59;2.6 
SBP (mmHg) 132.37 ±

21.61 
130.03 ±
19.89 

− 2.46 ± 4.84 0.616 − 12.40;7.48 − 2.70 ± 4.89 0.585 − 12.74;7.34 

DBP (mmHg) 79.97 ± 10.13 78.23 ±
10.79 

− 1.60 ± 1.62 0.332 − 4.2;1.72 − 1.64 ± 1.65 0.327 − 5.03;1.74 

PR (bpm) 68.87 ± 11.63 66.03 ±
11.24 

− 2.52 ± 1.52 0.11 − 5.64;0.61 − 2.48 ± 1.55 0.121 − 5.67;0.7 

Chol (mg/dL) 190.1 ± 29.44 195.7 ±
24.53 

1.73 ± 3.99 0.669 − 6.47;9.92 1.50 ± 4.01 0.712 − 6.75;9.75 

LDL (mg/dL) 101.79 ±
25.82 

114.13 ±
20.42 

10.30 ± 3.19 0.003 3.76;16.84 10.07 ± 3.17 0.004 3.55;16.58 

HDL (mg/dL) 66.17 ± 12.61 60.27 ±
12.96 

− 7.01 ± 1.78 0.001 − 10.67;-3.35 − 6.88 ± 1.78 0.001 − 10.54;-3.23 

Trig (mg/dL) 110.72 ±
58.83 

106.3 ±
41.82 

− 8.30 ± 10.95 0.455 − 30.75;14.16 − 8.93 ± 10.99 0.424 − 31.53;13.66 

LipidNonHDL (mg/dL) 123.93 ±
24.01 

135.43 ±
20.09 

8.73 ± 3.02 0.007 2.55;14.92 8.38 ± 2.87 0.007 2.48;14.28 

Chol/HDL (mg/dL) 2.92 ± 0.49 3.35 ± 0.59 0.42 ± 0.08 <0.001 0.26;0.57 0.40 ± 0.06 <0.001 0.27;0.53 
Spine BMC (kg) 1.82 ± 0.27 1.83 ± 0.26 2.95 ± 9.71 0.763 − 16.97;22.88 2.55 ± 9.83 0.798 − 17.66;22.76 
Spine BMD (g/cm2) 1.03 ± 0.08 1.03 ± 0.09 − 0.00 ± 0.00 0.756 − 0.01;0.01 − 0.00 ± 0.00 0.796 − 0.01;0.01 
Femoral neck BMC (g) 3.14 ± 0.78 3.15 ± 0.79 0.02 ± 0.03 0.634 − 0.05;0.08 0.02 ± 0.03 0.612 − 0.05;0.08 
Femoral neck BMD (g/ 

cm2) 
0.7 ± 0.1 0.69 ± 0.11 − 0.02 ± 0.01 0.017 − 0.03;-0.00 − 0.02 ± 0.01 0.02 − 0.03;0.00 

FM/Height (%) 13.71 ± 3.34 14.1 ± 3.4 0.37 ± 0.10 0.002 0.15;0.58 0.36 ± 0.11 0.002 0.15;0.58 
Lean mass/Height (kg/ 

m2) 
14.84 ± 1.42 14.81 ± 1.5 − 0.02 ± 0.10 0.817 − 0.24;0.19 − 0.05 ± 0.08 0.58 − 0.21;0.12 

Trunk FM (kg) 16.09 ± 4.15 16.59 ± 4.15 0.53 ± 0.20 0.013 0.12;0.95 0.54 ± 0.21 0.015 0.11;0.96 
Trunk FM (%) 46.2 ± 4.95 47.23 ± 4.52 1.06 ± 0.33 0.003 0.38;1.73 1.10 ± 0.30 0.001 0.49;1.72 
Total FM (kg) 32.66 ± 8.70 33.54 ± 8.78 0.81 ± 0.24 0.002 0.32;1.31 0.81 ± 0.25 0.003 0.30;1.31 
Total FM (%) 46.24 ± 4.43 46.98 ± 4.25 0.67 ± 0.21 0.003 0.25;1.09 0.69 ± 0.20 0.002 0.29;1.1 
HG (kg) 23.56 ± 5.68 22.78 ± 5.13 − 0.87 ± 0.36 0.023 − 1.60;-0.13 − 0.85 ± 0.36 0.027 − 1.6;-0.11 
IKE (Nm) 548.02 ±

167.46 
248 ± 68.91 − 302.80 ± 24.14 <0.001 − 352.34;- 

253.26 
− 303.67 ± 24.50 <0.001 − 354.03;- 

253.32 

Abbreviations: BMI = body mass index; BMC = bone mineral content; BMD = bone mineral density; BP = blood pressure; bpm = beats per minute; DBP = diastolic 
blood pressure; FM = fat mass; HDL = high density lipoprotein; HG = Handgrip; IKE = Isometric knee extension strength; LDL = low density lipoprotein; MBP = mean 
blood pressure; mmHg = millimeters of mercury; Nm = newton meter; PR = pulse rate; SBP = systolic blood pressure; Chol = total cholesterol; Trig = triglycerides. 
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[31]. On the other hand, home lockdown reduced exposure to the sun 
over a long period of time [31], thus affecting vitamin D synthesis, and 
therefore negatively affecting calcium absorption in the intestine, the 
maintenance of adequate levels of calcium and phosphate for optimal 
bone formation, and the promotion of proper functioning of the para-
thyroid hormone, which maintains serum calcium levels [31]. For these 
reasons, the sum of these factors may have been the main cause for the 
reduced BMD observed in the population with an UL. 

Another objective of this study was to test the effects of lockdown on 
muscle strength production capacity. We found a significant worsening 
of the results obtained in the IKE test by both groups after the lockdown. 
These results are in agreement with those expected, due to the effect of 
age on the decrease in the capacity to produce strength [21], in addition 
to a situation of restricted mobility and, therefore, a decrease in physical 
activity [32]. On the other hand, only the UL older women showed a 
significantly worsening HG test results. This may be due to the main-
tenance of the active lifestyle by the HL older women, whereas the UL 
older women were able to greatly reduce their daily physical activity 

during the lockdown than post lockdown due to the restrictive mobility 
policies. This may be because the muscle response to inactivity is 
stronger than to physical activity [32]. The loss of muscle strength, in 
addition to the absence of significant differences in the Lean mass/ 
Height variable, reinforces the idea found in previous research, where it 
was observed that the magnitude of strength loss observed due to aging 
and inactivity was greater than the degree of muscle mass loss [32]. 
Therefore, it could be said that age, inactivity, and an UL during lock-
down, promoted the loss of muscle strength in the population studied. 

The main strength of the present research was the combined study of 
physical, lifestyle and physiological parameters during this period, with 
a longitudinal study which included a field test to analyze the effects of 
lockdown on the health of older women. Therefore, the data collected in 
the present study could be very useful in similar, future situations to 
predict the changes in health variables in this population group, as well 
as to improve the health management system by political entities. On the 
other hand, more research will be necessary, especially in the most 
affected or at-risk groups, in this case on their health in relation to 

Table 3 
Effects of lockdown according to healthy or unhealthy lifestyle + Time*Group Interaction (all age-adjusted).  

Variable Pre-test (M ± SD) Post-test (M ± SD) Adjusted by age Group * time interaction 

Difference post-pre (M ± SD) p 95% CI (Mpost-Mpre) F Sig 

BMI (kg/m2) HL 30.65 ± 4.64 30.73 ± 4.96 0.11 ± 0.26 0.682 − 0.42;0.63 1.008 0.328 
UL 29.67 ± 4.57 30.05 ± 4.65 0.41 ± 0.16 0.015 0.09;0.73 

BP (mmHg) HL 96.22 ± 13.8 96.63 ± 12.82 − 1.19 ± 3.83 0.758 − 9.06;6.67 0.127 0.724 
UL 97.95 ± 10.17 95.02 ± 10.88 − 2.8 ± 2.35 0.244 − 7.63;2.03 

SBP (mmHg) HL 129.78 ± 20.3 130.56 ± 16.71 − 2.03 ± 8.36 0.81 − 19.21;15.15 0.018 0.893 
UL 133.48 ± 22.55 129.81 ± 21.49 − 3.37 ± 5.14 0.518 − 13.93;7.19 

DBP (mmHg) HL 79.44 ± 15.38 79.67 ± 16.02 − 0.77 ± 2.81 0.786 − 6.56;5.01 0.276 0.604 
UL 80.19 ± 7.35 77.62 ± 8.05 − 2.52 ± 1.73 0.158 − 6.07;1.04 

PR (bpm) HL 68.56 ± 10.42 65.89 ± 8.96 − 2.03 ± 2.65 0.451 − 7.47;3.42 0.086 0.772 
UL 69 ± 12.35 66.1 ± 12.28 − 2.94 ± 1.63 0.082 − 6.29;0.41 

Chol (mg/dL) HL 198.88 ± 33.69 200.33 ± 26.39 − 4.24 ± 6.87 0.542 − 18.35;9.87 2.013 0.168 
UL 186.76 ± 27.81 193.71 ± 24.09 7.23 ± 4.22 0.098 − 1.44;15.91 

LDL (mg/dL) HL 105.12 ± 26.43 114.44 ± 16.44 6.37 ± 5.42 0.251 − 4.78;17.52 1.34 0.258 
UL 100.52 ± 26.13 114 ± 22.28 13.76 ± 3.33 <0.001 6.91;20.62 

HDL (mg/dL) HL 72.13 ± 15.39 67.56 ± 17.71 − 6.85 ± 3.04 0.033 − 13.11;-0.60 0.000 0.987 
UL 63.9 ± 10.95 57.14 ± 9.16 − 6.91 ± 1.87 0.001 − 10.76;-3.07 

Trig (mg/dL) HL 108.25 ± 54.67 90.78 ± 29 − 19.94 ± 18.8 0.299 − 58.59;18.70 0.988 0.329 
UL 111.67 ± 61.61 112.95 ± 45.22 2.07 ± 11.55 0.859 − 21.68;25.82 

LipidNonHDL (mg/dL) HL 126.75 ± 25.68 132.78 ± 18.55 2.61 ± 4.91 0.599 − 7.48;12.71 3.976 0.057 
UL 122.86 ± 23.91 136.57 ± 21.04 14.15 ± 3.02 <0.001 7.95;20.35 

Chol /HDL (mg/dL) HL 2.81 ± 0.51 3.1 ± 0.67 0.29 ± 0.11 0.012 0.07;0.52 2.913 0.1 
UL 2.96 ± 0.49 3.46 ± 0.53 0.51 ± 0.07 <0.001 0.38;0.65 

Spine BMC (kg) HL 1.82 ± 0.25 1.82 ± 0.24 − 4.43 ± 16.82 0.794 − 39.00;30.14 0.496 0.488 
UL 1.82 ± 0.28 1.83 ± 0.28 9.53 ± 10.34 0.365 − 11.72;30.77 

Spine BMD (g/cm2) HL 1.03 ± 0.09 1.02 ± 0.09 − 0.00 ± 0.01 0.934 − 0.02;0.01 0.013 0.909 
UL 1.03 ± 0.08 1.03 ± 0.09 − 0.00 ± 0.00 0.722 − 0.01;0.01 

Femoral neck BMC (g) HL 3.21 ± 0.56 3.19 ± 0.57 0.01 ± 0.05 0.851 − 0.10;0.12 0.036 0.852 
UL 3.11 ± 0.87 3.13 ± 0.88 0.02 ± 0.03 0.509 − 0.05;0.09 

Femoral neck BMD (g/cm2) HL 0.7 ± 0.08 0.69 ± 0.1 − 0.01 ± 0.01 0.252 − 0.03;0.01 0.219 0.644 
UL 0.7 ± 0.11 0.68 ± 0.11 − 0.02 ± 0.01 0.009 − 0.03;-0.01 

FM/Height (%) HL 14.24 ± 3.21 14.48 ± 3.57 0.27 ± 0.18 0.152 − 0.10;0.64 0.816 0.375 
UL 13.49 ± 3.45 13.94 ± 3.4 0.46 ± 0.11 <0.001 0.23;0.69 

Lean mass/Height (kg/m2) HL 14.94 ± 1.63 14.9 ± 1.72 − 0.09 ± 0.14 0.506 − 0.38;0.19 0.346 0.561 
UL 14.8 ± 1.36 14.78 ± 1.44 0.00 ± 0.09 0.976 − 0.17;0.18 

Trunk FM (kg) HL 16.59 ± 4.66 17.05 ± 5.44 0.55 ± 0.35 0.127 − 0.17;1.27 0.007 0.934 
UL 15.87 ± 4.02 16.39 ± 3.62 0.52 ± 0.22 0.024 0.08;0.96 

Trunk FM (%) HL 47.07 ± 3.47 47.93 ± 4.41 1.16 ± 0.51 0.032 0.11;2.22 0.039 0.844 
UL 45.82 ± 5.5 46.92 ± 4.64 1.04 ± 0.32 0.003 0.39;1.69 

Total FM (kg) HL 33.91 ± 9.99 34.39 ± 10.58 0.56 ± 0.42 0.196 − 0.31;1.42 0.998 0.327 
UL 32.13 ± 8.31 33.17 ± 8.15 1.05 ± 0.26 <0.001 0.52;1.59 

Total FM (%) HL 47.14 ± 3.81 47.52 ± 4.34 0.51 ± 0.34 0.139 − 0.18;1.21 0.806 0.378 
UL 45.85 ± 4.71 46.75 ± 4.3 0.87 ± 0.21 <0.001 0.45;1.30 

HG (kg) HL 23.12 ± 5.36 22.35 ± 5.73 − 0.91 ± 0.62 0.157 − 2.18;0.37 0.021 0.886 
UL 23.75 ± 5.92 22.97 ± 4.99 − 0.80 ± 0.38 0.046 − 1.59;-0.02 

IKE (Nm) HL 534.05 ± 148.7 246.51 ± 64.51 − 303.06 ± 41.90 <0.001 − 389.19;-216.93 0.001 0.98 
UL 554.01 ± 178.02 248.64 ± 72.25 − 304.29 ± 25.75 <0.001 − 357.23;-251.36 

Abbreviations: BMC = bone mineral content; BMD = bone mineral density; BMI = body mass index; BP = blood pressure; bpm = beats per minute; DBP = diastolic 
blood pressure; FM = fat mass; HDL = high density lipoprotein; HG = Handgrip; HL = healthy lifestyle; IKE = Isometric knee extension strength; LDL = low density 
lipoprotein; MBP = mean blood pressure; mmHg = millimeters of mercury; Nm = newton meter; PR = pulse rate; SBP = systolic blood pressure; Chol = total 
cholesterol; Trig = triglycerides; UL = unhealthy lifestyle. 
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physical activity and lifestyle. Regarding the limitations encountered, 
the post-lockdown measurements could not be performed until the 
mobility restrictions imposed allowed the sample to access the center 
where tests were performed, as well as the absence of a control group 
that was not in lockdown. 

As conclusion, it was observed that lockdown had a great negative 
impact on Spanish older women in most of the measured parameters: 
cholesterol, femoral neck BMD, FM and strength values. In addition, it 
was found that a HL could be a protective factor against the age- 
associated increase in LDL, decrease in HDL, increase in FM, and 
decrease strength values. These results should be taken into account due 
to the potentially large negative impact on public health that a situation 
of lockdown and social isolation such as the one experienced could have, 
so that non-pharmacological strategies such as physical exercise and a 
healthy diet are deemed necessary to ensure the health of individuals 
during possible future lockdown situations. Furthermore, it is crucial to 
highlight the need for future studies investigating not only the impact of 
COVID-19 lockdown restrictions on health and muscle strength param-
eters, but also the short- and long-term effects of specific interventions 
that aim to improve overall health and include a home-tailored physical 
exercise program. 
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13 de la Cámara, M., Higueras-Fresnillo, S., Cabanas-Sánchez, V., Sadarangani, K., 
Martinez-Gomez, D., Veiga, O., 2020. Criterion validity of the sedentary behavior 
question from the global physical activity questionnaire in older adults. J. Phys. Act. 
Health 17, 2–12. https://doi.org/10.1123/JPAH.2019-0145. 
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