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POOR BODY COMPOSITION IN PATIENTS WITH MILD 
COGNITIVE IMPAIRMENT COMPARED TO HEALTHY OLDER 

CONTROLS  
J. Willers1, A. Hahn1, T. Köbe2,3, S. Gellert1, V. Witte2,3,4, V. Tesky5, J. Pantel5, A. Flöel2,3,6, J.P. Schuchardt1

Abstract: In this cross-sectional study, body composition of fifty-eight mild cognitive impairment (MCI) patients (single and 
multiple domain) and fifty healthy older control subjects by the use of bioelectrical impedance analysis (BIA) was assessed. 
Measurements were: height, weight, body mass index, BIA: phase angle (PA), total body water (TBW), lean body mass (LBM), 
body cell mass (BCM), extracellular mass (ECM), body fat mass (BFM), apolipoprotein E4, and physical activity level. Compared 
to BIA reference values and healthy subjects, MCI patients had significant differences in PA (only female), BCM and ECM/
BCM index. Differences were more pronounced in females compared to males. The low levels of BCM and PA suggest that MCI 
patients, especially of female sex, have a poor nutritional status. BIA-derived PA might be a suitable indicator, that could enhance 
evaluation of nutritional status in patients with cognitive decline.

Key words: Mild cognitive impairment, bioelectrical impedance analysis, phase angle, body composition.

Abbreviations: APOE: apolipoprotein E; AVLT: auditory verbal learning test; BCM: body cell mass; BFM: body fat mass; BIA: bioelectrical 
impedance analysis; BMI: body mass index; CERAD: Consortium to establish a registry for Alzheimer’s disease; ECM: extracellular mass; 
LBM: lean body mass; MCI: mild cognitive impairment; MMSE: mini-mental status examination; PA: phase angle; PAL: physical activity level; 
R: resistance; TBW: total body water; Xc: capacitive reactance.

Introduction  

Different epidemiological studies observed a 
relationship between nutritional status and cognitive 
function in patients with cognitive impairment (1-3). 
There is also evidence that poor nutritional conditions are 
associated with cognitive decline (4-6) and may play an 
important role in progression of cognitive loss (7). 

Techniques for measuring body composition include 
anthropometry and bioelectric impedance analysis 
(BIA). Especially the use of raw BIA data has become a 
standard procedure in the assessment and monitoring of 
the body composition and nutritional status of patients 
[8]. BIA measures the opposition to electrical flow arising 
from resistance and reactance. The BIA is a simple, 

inexpensive and non-invasive technique for assessing 
body composition, allowing conclusions on total body 
water (TBW), hydration status and body cell mass. This 
method is used for the determination of nutritional status 
and risk of morbidity in ambulatory and hospitalized 
patients (9). For the nutritional screening and clinical 
prognosis, the phase angle (PA) is the most established 
impedance parameter (10). The PA is calculated from 
resistive behaviour (R), which is mainly dependent on 
tissue hydration, and the capacitive behaviour of tissues 
(Xc) associated with cellularity, cell size, and integrity 
of the cell membrane (8). A low PA suggest cell death or 
decreased cell integrity and has strong predictive value 
according to morbidity and mortality in various disease 
conditions, e.g. HIV or cancer (11).

Due to a strong dependency of body composition on 
sex (e.g., females have less muscle and greater percentage 
of body fat than males), age (e.g., decreasing muscle mass 
and increasing fat mass with increasing age) and body 
mass index (BMI), reference values for PA and other BIA 
parameters are sex-, age-, and BMI-specific (8). A gender 
specific evaluation is therefore mandatory.

To our knowledge, only one recent study is published 
that investigated the nutritional status of mild cognitive 
impairment (MCI) patients in terms of the body 
composition via BIA (12). MCI is a frequent condition 
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in the general aged population and is associated with 
an increased risk for the development of dementia. 
Therefore, body composition in MCI may be of relevance 
for prognosis of cognitive decline. Thus, the objective in 
this study was to compare BIA measurements in MCI 
patients with literature reference values and age-matched 
older adults without clinical dementia.

 
Methods

For this cross-sectional study, 58 patients with MCI 
were recruited consecutive between 2011 and 2014 in 
Berlin (memory clinic of the Department of Neurology of 
the Charité University Hospital and Neurology specialist 
practice) and Frankfurt am Main (Institute of General 
Practice), Germany. MCI patients (single and multiple 
domain) were diagnosed according to Mayo criteria 
based on subjective cognitive complaints and objective 
memory impairment in standardized tests (performing 
at least 1.5 SD below age- and education-specific norm in 
relevant subtests (Total Word List, Delayed Recall Word/
Figures) of the CERAD-Plus test battery (13), relatively 
preserved general cognition, no impairment in activities 
of daily living, and no dementia (14). Fifty healthy older 
adults were recruited between 2010 and 2013 at the 
memory clinic of the Department of Neurology at the 
Charité Berlin, Germany. A detailed description of in- and 
exclusion criteria can be found in Köbe et al. (15) for MCI 
patients and Witte et al. (16) for healthy older adults. 

MCI patients had a body mass index (BMI) range from 
18 to 32 kg/m², whereas the healthy controls had a BMI 
between 24 kg/m² to 32 kg/m². Before comparing the two 
groups a BMI adjustment as well as an age-match was 
mandatory (Figure 1).

Figure 1
BMI adjustment and age-match for the group comparison

Anthropometric (e.g., body weight, height, BMI) and 
bioimpedance measurements (e.g., PA, TBW, lean body 
mass (LBM), body cell mass (BCM), extracellular mass 
(ECM), body fat mass (BFM)) were carried out. BIA was 
performed with B.I.A. 2000-M (Pöcking, Germany) and 
the software NutriPlus (Data Input GmbH, Darmstadt, 
Germany). 

Fasting blood samples were obtained by venipuncture 
of an arm vein using sealed blood collection tubes 
and Monovettes® (Sarstedt, Nürnbrecht, Germany). 
Concentrations of cobalamine (vitamin B12) and folate 
were measured in serum samples at the IMD laboratory, 
Berlin, Germany. 

For apolipoprotein E (ApoE) genotyping, DNA was 
extracted from whole blood using a blood mini-kit 
(Qiagen, Hilden, Germany) and stored at -80°C until 
analysis. Genotyping of apolipoprotein E4 (ApoE4) 
was performed on a Sequenom® MassARRAY iPLEX, 
TaqMan assay following procedures described previously 
(17).

Participants were tested on memory performance 
using the German version of the Rey Auditory Verbal 
Learning Test (AVLT) (18). Global cognitive dysfunction 
was estimated with the Mini Mental State Examination 
(MMSE) (19). Patients were asked to learn a list of 15 
words within five immediate recall trials, followed by 
a 30 min delayed recall and delayed recognition test. 
Learning ability was defined as the sum of words learned 
in all five trials (maximum 75 words); delayed recall 
represented the total number of remembered words after 
30 min (maximum 15 words). For delayed recognition 
(recognition memory), subjects were asked to recognize 
the 15 original words presented within 35 distractor 
words subsequent to the delayed recall tests (number 
of correctly recognized words minus false positives; 
maximum 15 words). All testing was conducted by 
trained staff members according to standard procedure. 

Statistical analyses were processed with SPSS software 
version 24.0 (SPSS Inc., Chicago, IL, USA). Results are 
expressed as means ± SD unless otherwise specified. 
Differences between men and women were calculated 
by the non-parametric Mann-Whitney U test. Multiple 
linear regression models were used for group comparison 
(MCI vs. healthy controls). Initially, all analyses were 
conducted unadjusted. Subsequently, age, education, 
ApoE4 status, vitamin B12, folate status (factors that are 
known to be associated with cognition) (15), and physical 
activity level (a factor that influences body composition) 
were entered as covariates in multiple linear regression 
models to study whether potential group differences are 
independent. Patients reported their physical activity 
using the Freiburger physical activity questionnaire. 
Spearman’s rank correlation was used to test correlations 
between variables. P-values ≤ 0.05 were considered 
significant. 
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Results and discussion

Characterisation of the MCI group

Characterisation of the MCI patients according to 
anthropometric and BIA measurements is presented in 
Table 1. The total MCI collective includes fifty-eight MCI 
patients (28 women) with a mean age of 69.1 ± 7.8 years. 
As expected, gender differences were observed for body 
weight as well as all bioelectrical variables. Percentage 
of BCM was reduced in MCI women (44.3 ± 3.1%) vs. 
men (48.5 ± 3.9%), resulting in a lower ECM/BCM index 
in men (1.1 ± 0.3) vs. women (1.3 ± 0.2). Manufacturer 
reference values for this age group constitute ideal BCM 
values of 50 – 56% for women and 53 – 59% for men, 
while the ECM/BCM ratio should be < 1 for both sexes. 
Thus, our data suggest that MCI patients, especially 
female, are of poor body condition and exhibit a low 
muscle content and activity status [20].

Table 1
Anthropometric measures and bioelectrical impedance 

analysis of the MCI group (n = 58)

MCI patients
female (n = 28)

MCI patients 
male (n = 30)

p*

mean ± SD mean ± SD

Age (years) 70.7±5.9 67.5±9.1 0.383

ApoE4 carrier (n) 13 (46.4%) 14 (46.7%)

Anthropometric measures

Body weight (kg) 65.4±10.3 78.8±10.3 <0.001

Body mass index, BMI (kg/
m²)

24.4±3.0 25.8±3.0 0.120

Bioelectrical impedance analysis

Basal metabolic rate (kcal) 1221±74 1553±159 <0.001

Phase angle, PA (°) 4.6±0.5 5.4±0.7 <0.001

Total body water, TBW (l) 31.6±3.0 44.5±5.7 <0.001

Lean body mass, LBM (kg) 43.1±4.0 58.8±11.8 <0.001

Body cell mass, BCM (kg) 19.1±2.4 39.9±56.4 <0.001

Body cell mass, BCM (%) 44.3±3.1 48.5±3.9 <0.001

Extracellular mass, ECM 
(kg) 

24.0±2.5 32.9±7.4 <0.001

ECM/BCM index 1.3±0.2 1.1±0.3 0.001

Body fat mass, BFM (kg) 22.3±7.4 18.0±5.1 0.017

Body fat mass, BFM (%) 33.3±6.3 22.6±4.5 <0.001

Physical activity 

Physical activity level, PAL 
(kcal/week)

3240±27941 3121±2776 0.712

* Mann-Whitney U test was performed for comparison between women and 
men; 1 n = 26

Additionally, male MCI patients had a significantly 
higher PA than female patients. The median PA of the 
total MCI collective was 4.9° (range 3.6° to 6.4°). About 
half of the MCI patients (48.3%, women: 67.9%, men: 
30%) had a lower PA from 3.6° to 4.8°. There was a 

strong negative correlation between PA and age (r = 
-0.538; p < 0.001, Spearman’s rank correlation), which 
has been, likewise, reported in healthy populations (10, 
21). Physiologically, increasing age is associated with 
decline in tissue mass, which results in decreasing PA 
(11). Simultaneously, hospitalized patients showed a 
significant lower LBM, higher BFM and lower PA in 
general (22). Nevertheless, the mean PA in MCI patients 
of this study was even lower than of MCI patients in 
a recently published cross-sectional study (women: 
5.6 ± 0.6°, men: 6.4 ± 0.7°) (12) and lower compared 
to hospitalized patients (women: 5.0 ± 1.3°; men: 6.0 ± 
1.4°) (22). Furthermore, various studies indicate that the 
PA can be considered as a marker of clinically relevant 
malnutrition caused by an increase of extracellular fluid 
and a decrease of BCM (11, 23). 

Compared to reference BIA values of a large German 
database (214,732 adults) in corresponding gender, age 
and BMI groups (8), the body composition of the present 
MCI patients can be classified as worse. MCI patients of 
both sexes have lower PAs (MCI women: 4.6 ± 0.5°, MCI 
men: 5.4 ± 0.7°) according to their corresponding BMI and 
age classes (German reference sample: women: 5.1 ± 0.8°; 
men: 6.0 ± 0.8°).

Additionally, in female MCI patients (n = 28) learning 
ability was positively correlated with the PA (r = 0.433, p 
= 0.002, Spearman’s rank correlation) and negatively with 
the ECM/BCM index (r = -0.456, p = 0.001, Spearman’s 
rank correlation). In male MCI patients, no correlation 
was observed. Nevertheless, these data suggest an 
association between an impaired memory performance 
and a poor body composition, although it cannot be 
clarified whether a lower cognitive function is a cause 
or consequence of a poor nutritional status. Further 
longitudinal studies are necessary.

Comparison between MCI patients and healthy 
controls

Furthermore, we compared the MCI patients to 
healthy controls in terms of BIA measurements. As the 
participants were selected using different BMI ranges, 
an adjustment according to BMI and age was necessary 
(Figure 1). Finally, in each case, thirty-two MCI patients 
and healthy controls were compared with regard to 
anthropometric and BIA measures (Table 2 and 3). 

Female healthy subjects had a higher BMI (28.0 ± 1.7 
kg/m2) and were heavier (76.4 ± 6.4 kg) compared to 
female MCI patients (BMI: 26.8 ± 1.9 kg/m2; weight: 72.0 
± 10.1 kg). These data were not statistical significant. 
However, the parameter should not be underestimated 
as cognitive decline is faster and more severe with a 
low BMI (BMI cut-off 25 kg/m²) [24]. Especially female 
MCI patients showed significantly lower values in 
basal metabolic rate, PA, BCM, ECM, and ECM/BCM 
index compared to healthy females (Table 2). The 
differences remained significant only for PA and BCM 
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after adjustment for potential confounders such as 
age, education, ApoE4, vitamin B12, folate status, and 
physical activity. In male subjects, the differences were 
not significant (Table 3).

Limitations of this study relate to the small sample 
size and the BIA technique. Due to the necessary BMI 
adjustment, the study population was greatly reduced. 
Thus, the group comparison was comparatively weak 
and might limit the outcome. Additionally, the BIA 
measurement has technical and physiological limitations 
such as hydration status, body position during procedure, 
air and skin temperatures, recent physical activity. BIA is 
not traditionally used as a measure of malnutrition but 
it might improve assessment of nutritional status and 
prognosis among MCI patients.

Conclusion

Using BIA, we observed a poor body composition 
especially in female MCI patients indicating a poor 
general health condition. Considering the observed 
associations between the PA and memory functions, 
our data confirm earlier findings that determined 
a relationship between nutrition status and cognitive 
function in patients with cognitive impairment. However, 

based on our data we cannot clarify whether lower 
cognitive function is a cause or consequence of a poor 
nutritional status. Thus, further longitudinal studies may 
be undertaken to resolve this important question and 
eventually determine if the PA may serve as a potential 
prognostic factor for cognitive decline. 
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Table 2
Comparison of anthropometric measures and bioelectrical impedance analysis between female MCI patients and 

healthy controls

MCI patients 
female

 (n = 14)

Healthy controls 
female (n = 14)

Unadjusted Adjusted for age, 
education, ApoE4, 

vitamin B12, folate, 
physical activity level

mean± SD mean± SD ß± SE p-value ß± SE p-value

Age (years) 71.4±4.4 67.9±3.2 -0.1±0.0 0.023 /

Anthropometric measures

Body weight (kg) 72.0±10.1 76.4±6.4 0.0±0.0 0.179 0.0±0.0 0.949

Body mass index, BMI (kg/m²) 26.8±1.9 28.0±1.7 0.1±0.1 0.095 0.0±0.1 0.531

Bioelectrical impedance analysis

Basal metabolic rate (kcal) 1239±63 1326±64 0.0±0.0 0.001 0.0±0.0 0.190

Phase angle, PA (°) 4.6±0.4 5.1±0.5 0.5±0.2 0.004 0.4±0.2 0.048

Total body water, TBW (l) 32.8±3.1 34.9±3.0 0.1±0.0 0.073 0.0±0.0 0.797

Lean body mass, LBM (kg) 44.8±4.2 47.7±4.1 0.0±0.0 0.072 0.0±0.0 0.791

Body cell mass, BCM (kg) 19.7±2.1 22.5±2.1 0.1±0.0 0.002 0.1±0.0 0.210

Body cell mass, BCM (%) 44.0±2.3 47.1±2.8 0.1±0.0 0.004 0.1±0.0 0.051

Extracellular mass, ECM (kg) 25.1±2.6 25.3±2.8 0.0±0.0 0.852 -0.0±0.0 0.526

ECM/BCM index 1.3±0.1 1.1±0.1 -1.9±0.6 0.004 -1.4±0.7 0.064

Body fat mass, BFM (kg) 27.2±6.9 28.7±4.4 0.0±0.0 0.506 -0.0±0.0 0.920

Body fat mass, BFM (%) 37.3±4.9 37.0±4.9 -0.0±0.0 0.887 0.0±0.0 0.973

Physical activity 

Physical activity level, PAL (kcal/
week)

4111±3431 5970±3815 3.542 E-5 ± 0.0 0.196

Multiple linear regression models were used for group comparison, adjusting for potential confounders; p < 0.05; ß: unstandardized regression coefficient. 
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Table 3
Comparison of anthropometric measures and bioelectrical impedance analysis between male MCI patients and healthy 

controls

MCI patients 
male (n = 18)

Healthy controls 
male (n = 18)

Unadjusted Adjusted for age, education, 
ApoE4, vitamin B12, folate, 

physical activity level

mean±SD mean±SD ß±SE p-value ß± SE p-value

Age (years) 68.5±9.1 67.4±5.4 -0.0±0.0 0.675 /

Anthropometric measures

Body weight (kg) 84.5±8.3 88.0±7.2 0.0±0.0 0.193 0.0±0.0 0.828

Body mass index, BMI (kg/m²) 27.9±2.0 27.9±1.4 4.124 E-5 ± 0.0 0.999 -0.0±0.1 0.718

Bioelectrical impedance analysis

Basal metabolic rate (kcal) 1622±137 1642±103 0.0±0.0 0.624 0.0±0.0 0.577

Phase angle, PA (°) 5.5±0.6 5.6±0.6 0.1±0.2 0.597 0.1±0.2 0.694

Total body water, TBW (l) 47.4±5.1 47.9±3.6 0.0±0.0 0.775 -0.0±0.0 0.407

Lean body mass, LBM (kg) 62.9±11.5 65.4±4.9 0.0±0.0 0.411 -0.0±0.0 0.701

Body cell mass, BCM (kg) 48.9±72.2 32.5±3.3 -0.0±0.0 0.341 -0.0±0.0 0.423

Body cell mass, BCM (%) 49.0±3.4 49.6±2.9 0.0±0.0 0.573 0.0±0.0 0.690

Extracellular mass, ECM (kg) 34.5±7.5 32.9±3.0 -0.0±0.0 0.420 -0.0±0.0 0.465

ECM/BCM index 1.0±0.3 1.0±0.1 -0.0±0.4 0.929 0.1±0.5 0.879

Body fat mass, BFM (kg) 19.8±5.2 22.6±4.9 0.0±0.0 0.104 0.0±0.0 0.249

Body fat mass, BFM (%) 23.3±5.0 25.5±4.5 0.0±0.0 0.164 0.0±0.0 0.202

Physical activity 

Physical activity level, PAL (kcal/week) 3454±3001 5413±5045 2.842 E-5 ± 0.0 0.166 /
Multiple linear regression models were used for group comparison, adjusting for potential confounders; p < 0.05; ß: unstandardized regression coefficient.


