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Abstract. – OBJECTIVE: The purpose of the 
study is to assess body hydration in patients 
with posterior vitreous detachment (PVD) by bio-
electrical impedance analysis (BIA). PVD, one of 
the most common eye diseases, is associated in 
both research and the collective image with re-
duced daily water intake, but this finding is not 
supported by strong evidence in the literature. 

PATIENTS AND METHODS: Based on 
Spectral Domain Optical Coherence Tomog-
raphy (SD-OCT) evaluation, different PVD 
stages are identified: absent posterior vit-
reous detachment, partial posterior vitreous 
detachment (P-PVD), or complete posterior 
vitreous detachment (C-PVD).

BIA is a simple, non-invasive bedside method 
used to assess body composition. Patients un-
derwent BIA and completed a floaters symptoms. 
30 patients were enrolled and divided into two 
groups according to the degree of vitreous de-
tachment, in P-PVD (n=12) and C-PVD (n=18).
Patients underwent BIA and completed a float-
ers symptoms questionnaire. BIA measured 
the Resistance (R), Reactance (Xc), Phase An-
gle (PhA), Total Body Water (TBW), Extracellu-
lar Water (ECW), Fat Mass (FM), Fat-Free Mass 
(FFM), and Body Cell Mass Index (BCMI). Final-
ly, patients received a test to assess adherence 
to the Mediterranean diet (Mediterranean Diet 
Test Score, MDTS) with the addition of daily wa-
ter intake.

RESULTS: Relevant data were obtained from 
the BIA evaluation: the values of R and Xc were 
lower in the P-PVD group than C-PVD group 
(respectively 417.08±58.12 Ω vs. 476.94±51.29 
Ω p=0.006 and 41.33±8.23 Ω vs. 50.61±7.98 Ω 
p=0.004). Instead, patients in the P-PVD group 
reported higher values of TBW and ECW than 
C-PVD group (respectively 44.13±7.57 L vs. 
37.96±6.27 L p=0.021 and 21.03±4.06 L vs. 
17.24±2.63 L p=0.004).

CONCLUSIONS: In the present study, we 
reported a significant correlation between 
vitreous pathology and anthropometric and 
BIA measurements.
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Introduction

Posterior vitreous detachment (PVD) is one 
of the most acknowledged and potentially har-
mful ocular events. Although in most cases 
it occurs without complications, PVD may 
play a key role in the pathogenesis of multiple 
vitreoretinal interface disorders, such as a ma-
cular hole, epiretinal membrane, vitreomacular 
traction syndrome, retinal breaks, retinal deta-
chments, vitreous hemorrhages, and others1-3. 
PVD is the separation between the posterior 
vitreous cortex (PVC) and the internal limiting 
membrane (ILM) of the retina, with the vitre-
ous collapsing anteriorly towards the vitreous 
base4-6. Vitreous degeneration begins with the 
stage of vitreous liquefaction, which is cal-
led synchysis7, and the weakening of adhesion 
between the posterior hyaloid membrane and 
the ILM. 

When PVD occurs, the aggregation of the col-
lagen fibrils leads to moving the vitreous toward 
the retrocortical, peripapillary and pre-macular 
space, thus causing the vitreous body to collapse 
(syneresis) anteriorly6.

The prevalence of PVD increases with age and 
with the axial length of the eye8-10. Age at onset is 
generally in the sixth to the seventh decade, and 
men and women appear to be equally affected11,12.

Recent studies1 using Optical Coherence Tomo-
graphy (OCT) and ultrasonography suggest that 
age-related PVD may be an insidious and slowly 
progressive condition evolving over many years.
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PVD is the most common cause of primary symp-
tomatic floaters. Floaters are small cobweb-shaped 
particles emerging from a compact collagen ma-
trix of the posterior vitreous cortex13.

Based on OCT evaluation, different PVD sta-
ges were identified: absent posterior vitreous 
detachment, partial posterior vitreous detach-
ment (P-PVD) and complete posterior vitreous 
detachment (C-PVD)14,15. Vitreous detachment 
is associated both in the research and in the 
collective imagination with a reduction in water 
supply16, but this data is not supported by strong 
evidence in the literature.

Bioelectrical impedance analysis (BIA) is a sim-
ple and non-invasive method used at the patient’s 
bedside to assess body composition by measuring 
the opposition to the flow of an electric current 
through body tissues (electrical impedance), which 
can be used to estimate total body water (TBW)17,18. 

The basic principle of the BIA technique is that 
the transit time of low intensity (800 mA) and very 
high frequency (50 KHz) electric current through the 
body depends on body composition characteristics. 

Applications of BIA are useful to assess dif-
ferences in body composition caused by clinical 
and nutritional status19,20. Several studies21,22 ha-
ve been conducted to determine how balanced 
fluctuations in hydration affect the validity of this 
kind of analysis for assessing body composition. 

Measurements are performed under the assump-
tion that total body resistance depends on the body 
water content, indeed Allison et al23 indicated that 
the total body resistance increased with dehydration.

The study aims to evaluate the state of body 
hydration using BIA in a population of adult 
subjects suffering from complete and/or partial 
vitreous detachment. 

Patients and Methods 

The study protocol followed the international 
ethical standard of the Helsinki Declaration and 
was approved by the University Hospital PTV 
Independent Ethics Committee (217/18, Clini-
cal Experimentation Register of PTV). Informed 
consent was obtained from all participants.

In the present study, we consecutively recru-
ited 30 patients with floaters symptoms admit-
ted at the Ophthalmology Department of the 
Tor Vergata Polyclinic in Rome and evaluated 
them at the Clinical Nutrition Department of 
the same structure, in the period between Ja-
nuary 2019 and January 2020.

We defined symptomatic vitreous floaters as 
those that cause visual discomfort and are ob-
served in daily life. 

The exclusion criteria were the absence of other 
eye diseases (such as diabetic retinopathy, glauco-
ma, myopia >6 diopters), nephropathies, chronic 
kidney failure (CKD), arterial hypertension, use 
of topical eye drugs, vitamins and supplements 
or systemic drugs such as diuretics, presence of 
swollen lymph nodes, thyroid diseases, diabetes 
mellitus. Pacemaker wearers were also excluded.

The patients underwent a complete ophthal-
mologic examination including slit-lamp evalua-
tion of the anterior and posterior segment, fun-
dus examination, Spectral-Domain OCT (SD-
OCT, Spectralis Heidelberg, Germany), Ocular 
Ultrasonography (VuPad, Sonomed Escalon, 
Sonomed Inc, NY, USA). 

A vitreous floaters symptom questionnaire, de-
scribed by Kim et al24, was used for the subjective 
floaters’ assessment. Two degrees, mild and se-
vere, were used to categorize the intensity of the 
reported discomfort. The discomfort was graded 
mild if it was minimal in daily life (score ≤9), and 
severe if vitreous floater-related disturbance cau-
sed patients to feel as though their eyesight was 
deteriorating (score >9). 

The anthropometric analysis included: statu-
re, weight, body mass index (BMI), waist and 
hip circumference measurements as described 
by De Lorenzo et al25. The patient was fasting, 
placed supine, and evaluated with BIA, mo-
no frequency instrument Akern 101 (Florence, 
Italy), according to the manufacturer’s recom-
mendations25. Two pairs of electrodes were pla-
ced on the right wrist and right ankle26,27. BIA 
calculated the Resistance (R), Reactance (Xc), 
Phase Angle (PhA), Total Body Water (TBW) 
in Liters and Percentage, Extracellular Water 
(ECW) in Liters and Percentage, Fat Mass (FM) 
in Kg, and Percentage, Fat-Free Mass (FFM) 
in Kg and Percentage and Body Cell Mass In-
dex (BCMI). Finally, patients received a test 
to assess adherence to the Mediterranean diet 
(Mediterranean Diet Test Score, MDTS) with 
the addition of daily water intake28.

Subsequently, patients enrolled in the study 
were divided into two groups according to the 
degree of vitreous detachment based on OCT 
scanning. Patients with at least one eye with 
complete PVD were classified into the C-PVD 
group, and patients with at least one eye with 
partial PVD and no complete PVD were classi-
fied into the P-PVD group.
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Statistical Analysis
The Kolmogorov-Smirnov test was used to 

test the normality of data. Categorical variables 
are presented as frequency (%). Continuous data 
are presented as average±standard deviation for 
continuous variables and as percentage frequency 
for categorical variables. To assess the difference 
between the groups, a t-test was performed for 
independent samples and the significance was 
set at p<0.05. To assess the frequency difference 
in the severity of vitreous symptoms among the 
groups, a Chi-Square test was carried out and 
statistical significance was set at p<0.05. All data 
were initially entered into an Excel database (Mi-
crosoft, Redmond, WA, USA), and analysis was 
performed using the SPSS software (23.00, IBM 
Corp., Armonk, NY, USA).

Results

The mean age of the all-enrolled patients 
was 62.73±11.86 years. Of the 30 patients with 
PVD analyzed, 21 (70%) were female, while 9 
(40%) were male.

All patients were affected by C-PVD and/or 
P-PVD and complied with the previous exclu-
sion criteria listed above.

Group 1 consisted of 12 patients with P-PVD 
in at least one eye, and Group 2 comprised 18 
patients with C-PVD in at least one eye. Table 
I shows the percentages of complete and partial 
PVD in each group and each eye.

The values overall detected through BIA have 
a PhA value of 5.91±0.93°, the percentage value 
of TBW was 55.90±7.60%, FM was 27.79±9.88%, 
and the BCMI was 10.42±1.65 Kg/m2.

Table II shows the parameters examined for ea-
ch group as average±standard deviation values and 
the comparison between the two groups. There 
were no statistically significant differences betwe-
en the two groups in age and anthropometric 
parameters (p>0.05). Regarding BIA parameters, 

the P-PVD group, compared to the C-PVD group, 
showed statistically lower values of R and Xc 
(Figure 1 A-B) and significantly higher values of 
TBW, ECW (Figure 1 C-D), and FFM (p<0.05). 
For the remaining values found in the BIA analy-
sis, including PhA, and MDTS, there were no 
significant differences.

Table III and Figure 2 show a comparison betwe-
en the P-PVD group and the C-PVD group concer-
ning the severity of PVD symptoms. In the P-PVD 
group, mild and severe symptoms were found with 
the same frequency, while in the C-PVD group, the-
re was a greater occurrence of severe symptoms, but 
not statistically significant (p=0.765). 

Finally, Figure 3 shows different daily water 
intake frequencies between groups. 

Most patients in the P-PVD group consumed 
between 1-1.5 liters of water per day (41.7%), 
while in the C-PVD group, less than 1 liter of 
water per day (38.9%).

Discussion

PVD is a very common pathology, and age is 
the main risk factor. PVD is present in 75% of 
people over the age of 654,8. 

The vitreous humor is composed of 99% water, as 
well as hyaluronic acid (0.5%) and type II collagen, a 
hybrid of types V/XI, and type IX collagen (0.5%)29. 

The aging of the eye is accompanied by the 
dehydration of the vitreal gel, leading to the 
formation of a liquid pocket in the center of the 
vitreous in a process commonly referred to as 
liquefaction. PVD is caused by a series of events: 
the vitreoretinal adhesion weakens with age; after 
the age of 40, the volume of the vitreous gel de-
creases linearly with aging, while the volume of 
the eye cavity remains roughly constant13,30. The 
vitreous gel is in tension, thus exerting tensile 
forces on the ILM31, and there are tensile forces 
exerted on the vitreoretinal interface by eye rota-
tion and saccadic movements.

Table I. Percentages of complete and partial PVD in each group and each eye.

	 P-PVD (n: 12)	 	 C-PVD (n: 18)

Degree of Detachment	 RE	 LE	 RE	 LE	

None	 83.0%	 16.7%	 0.0%	 0.0%
Partial	 17.0%	 83.3%	 50.0%	 44.4%
Complete	 0.0%	 0.0%	 50.0%	 55.6%

PVD: posterior vitreous detachment; RE: Right Eye; LE: Left Eye.
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Table II. Descriptive statistics of the total sample and assessment of the difference between the groups; a t-test was performed 
for independent samples, and statistical significance was set at a value of p<0.05, SD: Standard Deviation.

Parameters	 Overall (n: 30)	 P-PVD Group (n: 12)	 C-PVD Group (n: 18)	 P-PVD vs. C-PVD
	 Mean±SD	 Mean±SD	 Media±SD	 p-value		

Age (years)	 62.73±11.86	 65.08 ± 11.07	 61.17±12.41	 0.385
Weight (kg)	 72.99±12.61	 75.28±11.83	 71.47±13.21	 0.428
Height (cm)	 162.42±8.39	 165.58±7.01	 160.31±8.75	 0.092
WC (cm)	 90.63±13.6	 92.83±15.89	 89.17±12.09	 0.479
WHR	 0.88±0.08	 0.90±0.10	 0.87±0.08	 0.366
BMI (kg/m2)	 27.81±5.37	 27.55±4.79	 27.99±5.85	 0.831
R (Ω)	 453±60.93	 417.08±58.12	 476.94±51.29	 0.006
Xc (Ω)	 46.9±9.19	 41.33±8.23	 50.61±7.98	 0.004
PhA (°)	 5.91±0.93	 5.68±0.92	 6.07±0.93	 0.262
TBW (%)	 55.90±7.60	 58.91±6.78	 53.90±7.63	 0.076
TBW (L)	 40.43±7.37	 44.13±7.57	 37.96±6.27	 0.021
ECW (%)	 46.47±4.37	 47.68±4.41	 45.67±4.27	 0.225
ECW (L)	 18.76±3.72	 21.03±4.06	 17.24±2.63	 0.004
ICW (%)	 53.53±4.38	 52.32±4.44	 54.33±4.27	 0.223
ICW (L)	 21.58±4.59	 22.88±4.78	 20.72±4.39	 0.213
FFM (%)	 72.11±9.98	 75.17±8.31	 70.07±10.68	 0.175
FFM (Kg)	 52.16±9.04	 56.32±8.99	 49.39±8.17	 0.037
FM (%)	 27.79±9.88	 24.83±8.31	 29.76±10.56	 0.185
FM (Kg)	 20.83±10.01	 18.96±8.21	 22.07±11.1	 0.414
BCMI (kg/m2)	 10.42±1.65	 10.58±1.73	 10.32±1.63	 0.671
MDTS	 6.70±1.56	 6.33±1.30	 6.94±1.70	 0.300

WC: waist circumference, WHR: waist/hip ratio, BMI: Body Mass Index, R: Resistance, Xc: Reactance, FM: Fat Mass, PhA: Phase Angle, 
TBW: Total Body Water in Liters (L) and Percentage (%), ECW: Extracellular Water in Liters (L) and Percentage (%), FFM: Fat-Free Mass 
in Kg and Percentage (%), FM: Fat Mass in Kg and Percentage (%), BCMI:  Body cell mass index, MDTS: Mediterranean Diet Test Score.

Figure 1. The difference in BIA parameters between the P-PVD group and the C-PVD group. A, Comparison between Body 
Resistance P-PVD and C-PVD. B, Comparison between Body Reactance P-PVD and C-PVD. C, Comparison between total 
body water P-PVD and C-PVD. D, Comparison between Extracellular Body Water P-PVD and C-PVD.



E. Di Marco, M. Di Marino, M. Lombardo, G. Capria, et al

7320

Posterior eye water dynamics and details are 
unclear, but an important role in water distribu-
tion in the vitreal cavity is played by aquaporin 
AQ4. The absence of AQP4 in the KO mice32 in-
duces lower water outflow from the vitreous body 
to the retina (postiridial flow).

Although the role of AQP4 in humans re-
mains unknown, as a matter of fact, vitreal wa-
ter dynamics seem to be crucial for vitreal and 
retinal integrity and some light must be shed 
on possible correlations between daily water 
intake and vitreal status.

In all patients, the average PhA, a marker of the 
health status and cell permeability, was in the nor-
mal range (5.91±0.93°), whereas mild dehydration 
(TBW=55.90%) was present with the expansion of 
the extracellular compartment, a percentage of fat 
mass (27.79%) above normal values and a normal 
BCMI (10.42 km/m2) (Table II).

The main results were obtained from the BIA 
evaluation, which showed higher values of resi-
stance and reactance in the C-PVD group than in 
the P-PVD. Patients in the P-PVD group reported 
5 percentage points more TBW, corresponding to 
about 6 liters, and the ECW component, which 
includes eye fluids, was about 2 percentage points 
higher, corresponding to about 3 liters.

Patients with C-PVD showed significant 
dehydration, which was greater than patients 
with P-PVD, and especially a reduction of water 
in the extracellular compartment, which inclu-
des hydration of the eye.

In agreement with the literature16, these 
data suggest that body hydration could be a 
protective factor for vitreous detachment and 
may be associated with slowing down the 
evolution from an incomplete to a complete 
form of vitreous detachment.

We hypothesize that a reduction in body hydra-
tion may lead to vitreous shrinkage and promote PVD.

In support of this, there is an increase in the 
number of rhegmatogenous retinal detachment 
cases33 due to post-PVD retinal breaks in summer 
and spring.

Patients showed, on average, a BMI of 27.8 Kg/
m2, indicative of an overweight state. The average 
waist-to-hip ratio (WHR) was 0.88, a limit value 
for men and higher for women, associated with a 
substantial increase in the risk of metabolic and 
cardiovascular complications34.

Table III. Analysis between P-PVD Group and C-PVD 
Group in the severity of PVD symptoms.

		         PVD		

		  P-PVD	 C-PVD	
	
Vitreous symptoms	 Mild	 50.0%	 37.5%
	 Severe	 50.0%	 62.5%
		  100%	 100%

Vitreous symptoms were scored in ≤9 Mild and >9 Severe. 
To assess the difference between the groups, a Chi-square 
test was performed with p=0.765.

Figure 2. Comparison of symptom severity for posterior vitreous detachment between two groups. Mild, if the patient notices 
vitreous floaters in daily life, however, moderate discomfort (floaters symptoms questionnaire score ≤9). Severe, if the patient 
feels severe discomfort, and it seems like vision is worsened due to vitreous floaters (floaters symptoms questionnaire score >9).
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The comparison of anthropometric data 
showed no statistically significant differences 
between P-PVD and C-PVD groups, with BMI, 
waist circumference, and waist-hip ratio overlap-
ping in the two groups. 

Patients with C-PVD had higher percentages 
of FM and lower FFM than the P-PVD group and 
this could suggest a connection between adipose 
tissue dysfunction and vitreous detachment: one 
explanation for this is that obesity is associated 
with inadequate hydration35.

To date, among different ocular and systemic 
diseases, obesity has been linked with age-related 
cataracts, glaucoma, age-related maculopathy, 
diabetic retinopathy, and obstructive sleep apnea 
syndrome36,37.

Patients reported symptoms of visual floaters 
documented by the test administered to them, 
which were mild and frequent in the P-PVD 
group and slightly more severe in the C-PVD 
group (Table III), although very often the seve-
rity of the pathology is not closely related to the 
severity of the symptoms and may sometimes be 
asymptomatic24.

The Mediterranean diet adherence test results 
were similar in both groups and slightly better for 
the C-PVD group but not statistically significant. 
Both groups’ scores were low, indicating that pa-
tients did not follow a proper food intake.

The daily water intake test did not give any 
important differences between the two groups, 
with the P-PVD group drinking 1-1.5 liters of wa-

ter per day and the C-PVD drinking less than 1 
liter per day (Figure 3). In both groups, the daily 
water intake was deficient, especially low in the 
C-PVD group, and this could have an impact on 
the vitreous pathology.

Subjects with P-PVD were asymptomatic or 
complained of perceived myodesopsies, whereas 
those with complete detachment reported photop-
sia and flashes in addition to floaters.

The smallness of the sample probably pre-
vented the detection of other complications su-
ch as hemorrhages and retinal ruptures, which 
have been extensively described by Seider et 
al38 and impose caution in the interpretation 
of our results. Accuracy and reliability vary 
widely among BIA instruments. Although sin-
gle-frequency devices demonstrate the largest 
differences compared to the Dual-energy X-ray 
absorptiometry, with the inaccuracy increasing 
in conjunction with higher levels of BMI, seve-
ral studies39 have demonstrated the validity of 
single-frequency devices, concluding that BIA 
can be used to assess whole and segmental bo-
dy composition in large groups.

However, to date, even with the limitations 
mentioned, bioimpedance analysis, for the first 
time, has been evaluated in correlation with po-
sterior vitreous detachment.

In the present study, we reported a significant 
correlation between vitreous pathology and an-
thropometric and BIA measurements. The inve-
stigation was aimed exclusively at patients with 

Figure 3. Daily water intake in the P-PVD group and C-PVD group.
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a diagnosis of complete and/or partial PVD who 
had no other ocular pathology. 

Despite aging is an important risk factor for 
PVD, other factors, such as poor eating habits and 
body dehydration, affect the pathophysiology of 
vitreous diseases11. 

Conclusions

This study reports a correlation between dehy-
dration and PVD through BIA analysis. The col-
laboration between ophthalmologists and nutri-
tionists becomes essential to support the patient 
with correct eating habits and lifestyle to prevent 
or slow down the progression of vitreal and 
ocular pathology in general. Water, an essential 
nutrient, may deserve more attention in scientific 
research and therapeutic strategies.

Informed Consent
Informed consent was obtained from all subjects involved 
in the study.

Ethics Approval
The study protocol, following the Helsinki Declaration, 
was approved by the University Hospital PTV Indepen-
dent Ethics Committee (217/18, Clinical Experimentation 
Register of PTV).

Funding
This research received no external funding.

Conflicts of Interest
The authors declare no conflict of interest.

Availability of Data and Materials
The datasets generated during and/or analyzed during the 
current study are available from the corresponding author 
on reasonable request.

Authors’ Contributions
All authors had equal contributions.

ORCID ID
Ernesto Di Marco: 0000-0002-6477-7690

References

  1)	 Duker JS, Kaiser PK, Binder S, de Smet MD, 
Gaudric A, Reichel E, Sadda SR, Sebag J, Spaide 
RF, Stalmans P. The International Vitreomacular 
Traction Study Group classification of vitreomac-
ular adhesion, traction, and macular hole. Oph-
thalmology 2013; 120: 2611-2619.

  2)	 Preti RC, Zacharias LC, Cunha LP, Monteiro 
MLR, Sarraf D. Spontaneous macular hole clo-
sure after posterior vitreous detachment in an eye 
with hyperreflective OCT stress line. Am J Oph-
thalmol Case Rep 2020; 20: 100950.

  3)	 Novak MA, Welch RB. Complications of acute 
symptomatic posterior vitreous detachment. Am 
J Ophthalmol 1984; 97: 308-314.

  4)	 Sebag J. Age-related differences in the human 
vitreoretinal interface. Arch Ophthalmol 1991; 
109: 966-971.

  5)	 Scott JE. The chemical morphology of the vitre-
ous. Eye (Lond) 1992; 6 (Pt 6): 553-555.

  6)	 Le Goff MM, Bishop PN. Adult vitreous struc-
ture and postnatal changes. Eye (Lond) 2008; 22: 
1214-1222.

  7)	 Nuzzi R, Marchese A, Gulino GR, Versino E, 
Ghigo D. Influence of posterior vitreous de-
tachment and type of intraocular lens on lip-
id peroxidation in the human vitreous. Mol Vis 
2015; 21: 1106-1112.

  8)	 Sebag J. Age-related changes in human vitre-
ous structure. Graefes Arch Clin Exp Ophthalmol 
1987; 225: 89-93.

  9)	 Hyams SW, Neumann E, Friedman Z. Myo-
pia-aphakia. II. Vitreous and peripheral retina. Br 
J Ophthalmol 1975; 59: 483-485.

10)	 Los LI, van der Worp RJ, van Luyn MJ, Hooy-
mans JM. Age-related liquefaction of the human 
vitreous body: LM and TEM evaluation of the role 
of proteoglycans and collagen. Invest Ophthalmol 
Vis Sci 2003; 44: 2828-2833.

11)	 Foos RY, Wheeler NC. Vitreoretinal juncture. 
Synchysis senilis and posterior vitreous detach-
ment. Ophthalmology 1982; 89: 1502-1512.

12)	 Johnson MW. Posterior vitreous detachment: 
evolution and role in macular disease. Retina 
2012; 32 Suppl 2: S174-S178.

13)	 Milston R, Madigan MC, Sebag J. Vitreous float-
ers: Etiology, diagnostics, and management. Surv 
Ophthalmol 2016; 61: 211-227.

14)	 Kakehashi A, Takezawa M, Akiba J. Classification 
of posterior vitreous detachment. Clin Ophthalmol 
2014; 8: 1-10.

15)	 Tsukahara M, Mori K, Gehlbach PL, Mori K. 
Posterior Vitreous Detachment as Observed by 
Wide-Angle OCT Imaging. Ophthalmology 2018; 
125: 1372-1383.

16)	 Bettelheim FA, Mofunanya A. Syneretic response 
to pressure in bovine and rhesus monkey vitre-
ous. Exp Eye Res 2001; 73: 133-136.



Bioelectrical impedance analysis in posterior vitreous detachment

7323

17)	 Bussolotto M, Ceccon A, Sergi G, Giantin V, Ben-
inca P, Enzi G. Assessment of body composition 
in elderly: accuracy of bioelectrical impedance 
analysis. Gerontology 1999; 45: 39-43.

18)	 Tengvall M, Ellegard L, Malmros V, Bosaeus N, 
Lissner L, Bosaeus I. Body composition in the el-
derly: reference values and bioelectrical imped-
ance spectroscopy to predict total body skeletal 
muscle mass. Clin Nutr 2009; 28: 52-58.

19)	 Menichini D, Spelta E, Rossi E, Monari F, Di Vinci PL, 
Petrella E, Facchinetti F, Neri I. First-trimester predic-
tion of gestational hypertension through the bioelec-
trical impedance analysis of the body composition. 
Eur Rev Med Pharmacol Sci 2022; 26: 3967-3972.

20)	 Abdulsalam R, Alsadah A, Alkhuboli M, Muala D, 
Hussein A, Elmoselhi AB. Hydration status as-
sessment and impinging factors among universi-
ty students in the UAE. Eur Rev Med Pharmacol 
Sci 2022; 26: 6451-6458.

21)	 Pialoux V, Mischler I, Mounier R, Gachon P, Ritz 
P, Coudert J, Fellmann N. Effect of equilibrated 
hydration changes on total body water estimates 
by bioelectrical impedance analysis. Br J Nutr 
2004; 91: 153-159.

22)	 Goldberg LR, Heiss CJ, Parsons SD, Foley AS, 
Mefferd AS, Hollinger D, Parham DF, Patterson J. 
Hydration in older adults: the contribution of bio-
electrical impedance analysis. Int J Speech Lang 
Pathol 2014; 16: 273-281.

23)	 Allison RD, Ray Lewis A, Liedtke R, Buchmeyer ND, 
Frank H. Early identification of hypovolemia using to-
tal body resistance measurements in long-term care 
facility residents. Gend Med 2005; 2: 19-34.

24)	 Kim YK, Moon SY, Yim KM, Seong SJ, Hwang 
JY, Park SP. Psychological Distress in Patients 
with Symptomatic Vitreous Floaters. J Ophthal-
mol 2017; 2017: 3191576.

25)	 De Lorenzo A, Jacoangeli F, Anzidei A, Capria G, 
Del Duca N, Fuda F, Giglio S, Gualtieri P, Moriconi 
E, Papa E, Persichetti T, Shizard L, Tyndall E, 
Di Renzo L. Manuale delle procedure opera-
tive per la garanzia della qualità nella nutrizione 
ospedaliera. Universitalia, 2016.

26)	 Lukaski HC, Johnson PE, Bolonchuk WW, Lyk-
ken GI. Assessment of fat-free mass using bio-
electrical impedance measurements of the hu-
man body. Am J Clin Nutr 1985; 41: 810-817.

27)	 Kushner RF. Bioelectrical impedance analysis: a 
review of principles and applications. J Am Coll 
Nutr 1992; 11: 199-209.

28)	 Martinez-Gonzalez MA, Garcia-Arellano A, To-
ledo E, Salas-Salvado J, Buil-Cosiales P, Corel-
la D, Covas MI, Schroder H, Aros F, Gomez-Gra-
cia E, Fiol M, Ruiz-Gutierrez V, Lapetra J, Lamue-
la-Raventos RM, Serra-Majem L, Pinto X, Munoz 
MA, Warnberg J, Ros E, Estruch R, Investigators 
PS. A 14-item Mediterranean diet assessment tool 
and obesity indexes among high-risk subjects: the 
PREDIMED trial. PLoS One 2012; 7: e43134.

29)	 Bishop PN. Structural macromolecules and su-
pramolecular organisation of the vitreous gel. 
Prog Retin Eye Res 2000; 19: 323-344.

30)	 Creveling CJ, Colter J, Coats B. Changes in Vitreo-
retinal Adhesion With Age and Region in Human and 
Sheep Eyes. Front Bioeng Biotechnol 2018; 6: 153.

31)	 Nickerson CS, Park J, Kornfield JA, Karageozian H. 
Rheological properties of the vitreous and the role 
of hyaluronic acid. J Biomech 2008; 41: 1840-1846.

32)	 Ueki S, Suzuki Y, Igarashi H. Retinal Aquaporin-4 
and Regulation of Water Inflow Into the Vitreous 
Body. Invest Ophthalmol Vis Sci 2021; 62: 24.

33)	 Driban M, Chhablani J. Clinical findings in acute 
posterior vitreous detachment. Graefes Arch Clin 
Exp Ophthalmol 2022; 260: 3465-3469.

34)	 Motamed N, Perumal D, Zamani F, Ashrafi H, 
Haghjoo M, Saeedian FS, Maadi M, Akhavan-Nia-
ki H, Rabiee B, Asouri M. Conicity Index and 
Waist-to-Hip Ratio Are Superior Obesity Indices 
in Predicting 10-Year Cardiovascular Risk Among 
Men and Women. Clin Cardiol 2015; 38: 527-534.

35)	 Chang T, Ravi N, Plegue MA, Sonneville KR, Da-
vis MM. Inadequate Hydration, BMI, and Obesi-
ty Among US Adults: NHANES 2009-2012. Ann 
Fam Med 2016; 14: 320-324.

36)	 Cheung N, Wong TY. Obesity and eye diseases. 
Surv Ophthalmol 2007; 52: 180-195.

37)	 Aiello F, Gallo Afflitto G, Alessandri Bonetti M, 
Ceccarelli F, Cesareo M, Nucci C. Lax eyelid con-
dition (LEC) and floppy eyelid syndrome (FES) 
prevalence in obstructive sleep apnea syndrome 
(OSA) patients: a systematic review and me-
ta-analysis. Graefes Arch Clin Exp Ophthalmol 
2023; 261: 1505-1514.

38)	 Seider MI, Conell C, Melles RB. Complications of 
Acute Posterior Vitreous Detachment. Ophthal-
mology 2022; 129: 67-72.

39)	 Holmes CJ, Racette SB. The Utility of Body Com-
position Assessment in Nutrition and Clinical 
Practice: An Overview of Current Methodology. 
Nutrients 2021; 13: 2493.


