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Objective: To study the effect of obesity on retinal structures in African Americans (AAs)

and Caucasian Americans (CAs) with relapsing-remitting multiple sclerosis (RRMS).

Methodology: About 136 patients with RRMS without history of optic neuritis were

divided into two groups, based on body mass index (BMI): 67 obese (40 AA, 27 CA,

mean BMI± SD: 36.7± 5.8), and 69 non-obese (23 AA, 46 CA, mean BMI± SD: 24.0±

3.1). The peripapillary retinal nerve fiber layer (pRNFL) thickness was quantified by optical

coherence tomography (OCT) and was segmented into quadrant thickness: superior (S),

inferior (I), temporal (T), and nasal (N). Papillomacular bundle (PMB) thickness, retinal

nerve fiber layer (RNFL), ganglion cell + inner plexiform layer (GCIPL), inner nuclear

(INL), outer plexiform (OPL), outer nuclear (ONL), and total macular (TMV) volumes

were obtained.

Results: Obesity was associated with lower T thickness (58.54 ± 15.2 vs. 61.9 12.4, p

= 0.044), higher INL (0.98 ± 0.07 vs. 0.96 ± 0.06, p = 0.034), and lower RNFL (0.77 ±

0.14 vs. 0.82 ± 0.12, p = 0.009) volumes. Obese AA had significantly thinner T (58.54

± 15.19 vs. 61.91 ± 12.39, p = 0.033), N (68.94 ± 2.7 vs. 77.94 ± 3.3, p = 0.044),

and TMV (8.15 ± 0.07 vs. 8.52 ± 0.09, p = 0.003), RNFL (0.74 ± 0.02 vs. 0.82 ± 0.02,

p = 0.013), OPL (0.76 ± 0.01 vs. 0.79 ± 0.1, p = 0.050), ONL (1.68 ± 0.031 vs. 1.79

± 0.038, p = 0.026), and GCIPL (1.78 ± 0.04 vs. 1.9 ± 0.05, p = 0.038) compared to

obese CA. Among patients with non-obesity, the ONL was significantly lower in AA (1.78

± 0.04 vs. 1.9 ± 0.05, p < 0.001).

Conclusions: Obesity is associated with retinal structure abnormalities in patients with

RRMS. Its impact might be more prominent in AA than CA. Large longitudinal studies

are needed to validate our findings.
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INTRODUCTION

Multiple sclerosis (MS) is an autoimmune condition
characterized by combined inflammatory and neurodegenerative
processes in the central nervous system (CNS) (1). The
relapsing-remitting form of multiple sclerosis (RRMS) is
defined by unpredictable and recurrent episodes of increased
neuroinflammation and increased disability, which can often
be detected using imaging measures (2, 3). Optical coherence
tomography (OCT) is a non-invasive method for visualizing
retinal morphology and quantifying the thickness and volume of
its individual layers. Decreased retinal nerve fiber layer (RNFL)
thickness has been observed in patients with MS utilizing OCT
whether they have had optic neuritis or not (4–6). Reduced RNFL
thickness has also shown correlation with disease progression in
observational studies, whereas ganglion cell + inner plexiform
layer (GCIPL) was found to reflect brain atrophy (7).

While the cause of MS is unknown, several risk factors
are associated with developing MS. Obesity can contribute to
persistent low-grade inflammation in the CNS, and once MS
is diagnosed, obesity might negatively impact disease prognosis
(8, 9). Several studies have demonstrated that having obesity in
early life was associated with an increased risk of being diagnosed
with MS in adulthood (10). Some studies have shown a higher
prevalence of obesity in patients with MS; however, other studies
have observed that rates of obesity are not as common in patients
with MS with higher levels of disability (11). Although studies
have found promising biomarkers and other immunological
links, definitive findings regarding obesity and its effects on
clinical progression of MS are not currently known. Given
that obesity rates have nearly doubled since 1980, continuing
to monitor obesity in clinical populations and its effects on
comorbid diseases is becoming increasingly relevant (12).

Current literature stipulates that MS is diagnosed more
frequently in the Caucasian (CA) population; however, clinical
and imaging outcomes have demonstrated that African American
(AA) patients tend to suffer from a more aggressive disease
course and higher rates of disability measured by Expanded
Disability Status Scale (EDSS) than CA (13–17). Little has been
investigated to further understand the difference in MS disease
progression and its biomarkers across racial groups (18–20).
Previous studies have noted that minority populations, including
the AA population, experience a higher risk of suffering from
obesity (21–23). Furthermore, other studies have observed higher
rates of obesity and higher bodymass index (BMI)measurements

TABLE 1 | Demographics summary of patients.

Category Sex (n) Race (n) Mean Age ± SD Mean disease duration ± SD Mean BMI ± SD

Obese (n = 67) Males: 16 AA: 40 AA: 42.1 ± 8.8 AA: 7.0 ± 6.9 AA: 36.8 ± 5.1

Females: 51 CA: 27 CA: 45.9 ± 11.2 CA: 8.8 ± 7.6 CA: 36.7 ± 6.9

Non-obese (n = 69) Males: 27 AA: 23 AA: 41.8 ± 10.6 AA: 10.5 ± 7.4 AA: 24.7 ± 2.9

Females: 42 CA: 46 CA: 45.6 ± 10.4 CA: 10.9 ± 8.8 CA: 23.7 ± 3.2

AA, African American; CA, Caucasian American.

in the AA population compared to the CA population (24, 25).
This study aims to better understand the role of obesity on OCT
measures in patients with RRMS and to determine the extent of
its effect in patients of different racial backgrounds.

METHODS

Patients consented to an observational research study approved
by the Wayne State University Institutional Review Board
between March 2016 and December 2018. As a part of this
study, they had weight and height measured, and an OCT scan
performed in our clinic. A retrospective review was performed on
all patients in our OCT database. Patients with a history of optic
neuritis (ON), macular edema, cataracts, glaucoma, refractive
errors of greater or equal of ±6 diopters, hypertension, diabetes,
or a relapse <30 days of the OCT examination were excluded
from this study. About 136 patients (272 eyes) with RRMS were
identified and included in this study according to the criteria
listed (Table 1). The 136 patients were separated into two cohorts:
obese (BMI ≥ 30; 40 AA and 27 CA) and non-obese (BMI <

30; 23 AA and 46 CA). BMI was calculated based on weight in
kilograms (kg) divided by height in meters squared (m2).

Optical Coherence Tomography
All OCT scans were performed by an experienced technician on
a single Heidelberg SPECTRALIS SD (Spectral Domain)-OCT
with N-Site Analytics platform, software version 6.0 (Heidelberg
Engineering, Inc. Heidelberg, Germany). In each OCT scan, the
thickness of the papillomacular bundle (PMB) was measured
along with the peripapillary retinal nerve fiber layer (pRNFL).
The pRNFL was divided into four quadrants: superior (S),
inferior (I), temporal (T), and nasal (N). To evaluate the thickness
of the pRNFL, a single-line circular B-scan with radius of 3.4mm
from the center of the papilla was used, with average automatic
real time (ART) of 80. The total macular volume (TMV) was
measured within a 6-mm diameter circle centered on the fovea
as the volume between the inner limiting membrane and the
boundary of the retinal pigment epithelium. Macula scan used a
30 × 20 mm2 area composed of 61 B-scans with an average ART
of 9. Fully automated, intra-retinal segmentation was performed
to obtain the volumes of the following layers: retinal nerve fiber
layer (RNFL), ganglion cell layer (GCL), inner plexiform layer
(IPL), inner nuclear layer (INL), outer plexiform layer (OPL),
outer nuclear layer (ONL), retinal pigment epithelium (RPE),
and photoreceptor (PR). GCL and IPL volumes were added
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FIGURE 1 | Study profile. ON, optic neuritis; DM, diabetes mellitus; HTN, hypertension; OCT, optical coherence tomography.

together (GCIPL) for statistical and reporting purposes to reduce
automatic segmentation errors. For each patient, the average of
both eyes was calculated, per layer and quadrant, for a total of
136 to be used for statistical analysis. All images were checked
for quality purposes to avoid potential segmentation errors as
described in the OSCAR IB criteria (26). Measurement of pRNFL
and intra-retinal segmentation was conducted blinded to the
race of the study participant. OCT study results were reported
according to the consensus APOSTEL recommendations (27).

Statistical Analysis
Statistical analysis was performed using SPSS v26 (IBM SPSS
Statistics for Windows, version 26.0; IBM Corp., Armonk, NY,
USA). A two-sample t-test was performed to determine the
differences in age and disease duration between the obese group
and the non-obese group. A chi-square test was performed
to determine the differences in sex and race between the two
groups. The relationships between pairs of clinical variables
were analyzed using Spearman’s rank correlation coefficient.
We utilized the average value of both eyes for each patient. A
general linear model with multivariate analysis of covariance
(MANCOVA), with OCT measures as dependent variables
and BMI as the independent variable, was used to compare
OCT measures between obese group and non-obese group and
between AA group and CA group, with age and disease duration
as covariates. No adjustments for multiple comparisons were
performed. A p-value of 0.05 or lower was considered to be
statistically significant for all statistical tests.

RESULTS

Study Population
About 136 patients were eligible to participate in the analysis
(Figure 1). There was non-significant difference between the two
cohorts in age (obese: 43.6 ± 9.9; non-obese: 44.3 ± 10.5, F =

0.126, p= 0.723) or disease duration (obese: 7.7± 7.1; non-obese:
10.8 ± 8.3, F = 1.566, p = 0.213). There was a higher number of
AA than CA in the obese group (40/67) than the non-obese group
(23/69) (p = 0.002). Sex reached borderline significance between
the two groups with a higher proportion of men in the obese
group (p = 0.056). Disease duration is significantly correlated
with BMI grouping (r = 0.17, p = 0.05) and age (r = 0.43, p =

0.00) (Table 2). One OCT scan was excluded due to poor imaging
that resulted in poor data quality.

OCT in the Entire Group (AA and CA):
Obese vs. Non-obese Patients With MS
The T quadrant thickness of the pRNFL and the RNFL volume
were significantly lower in the obese group than in the non-
obese group, p = 0.044 and p = 0.009, respectively. The INL
volume was significantly higher in the obese group than in the
non-obese group (p = 0.034). None of the other quadrants
(I, N, and S) or global (G) or the PMB were significantly
different between the obese and non-obese groups. There was
no volumetric significance noted in the remaining layers (TMV,
OPL, ONL, PRL, RPE, and GCIPL) in the obese vs. non-obese
groups (Table 3; Figures 2, 3).
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TABLE 2 | Correlations of variables.

Variables Correlations Age BMI

values

Disease duration

Age r – 0.03 0.43

p-value – 0.73 0.00*

BMI r 0.03 – 0.17

values p-value 0.73 – 0.05*

Disease duration r 0.43* 0.17 –

p-value 0.00 0.05 –

BMI, body mass index.

*Statistically significant, Spearman’s rank correlation coefficient.

TABLE 3 | OCT outcome significance by category (obese vs. non-obese).

OCT measure Category Mean SD Sig. (p-value*)

AVG G (µm) Obese 90.24 16.05 0.34

Non-obese 91.32 11.73

AVG T (µm) Obese 58.54 15.2 0.04*

Non-obese 61.913 12.4

AVG I (µm) Obese 117.03 20.24 0.34

Non-obese 118.91 19.58

AVG N (µm) Obese 72.53 17.61 0.96

Non-obese 71.73 14.87

AVG S (µm) Obese 113.15 22.83 0.51

Non-obese 113.97 18.79

AVG PMB (µm) Obese 45.35 10.78 0.18

Non-obese 46.94 9.93

AVG TMV (mm3 ) Obese 8.30 0.52 0.62

Non-obese 8.21 0.98

AVG RNFL (mm3 ) Obese 0.77 0.14 0.009*

Non-obese 0.82 0.12

AVG INL (mm3 ) Obese 0.98 0.07 0.034*

Non-obese 0.96 0.06

AVG OPL (mm3) Obese 0.77 0.05 0.11

Non-obese 0.79 0.10

AVG ONL (mm3 ) Obese 1.72 0.20 0.74

Non-obese 1.71 0.19

AVG PR (mm3 ) Obese 2.17 0.23 0.79

Non-obese 2.18 0.23

AVG RPE (mm3 ) Obese 0.45 0.70 0.53

Non-obese 0.39 0.20

AVG GCIPL (mm3 ) Obese 1.81 0.26 0.26

Non-obese 1.83 0.18

µm, micrometer; mm3, cubic millimeter; G, global; T, temporal; I, inferior; S, superior;

N, nasal; PMB, papillomacular bundle; TMV, total macular volume; RNFL, retinal nerve

fiber layer; INL, internal nuclear layer; OCT, optical coherence tomography; OPL, outer

plexiform layer; ONL, outer nuclear layer; PR, photoreceptor; RPE, retinal pigment

epithelium; GCIPL, ganglion cell and internal plexiform layer.

*Statistically significant, multivariate analysis of covariance (MANCOVA).

OCT in the Obese Group: AA vs. CA
Within the obese group, the thicknesses of the T and N
pRNFL quadrants were significantly less (p = 0.033 and 0.044,

respectively) in the AA than in the CA group. There were no
other significant findings within the pRNFL (G, I, S, or PMB)
between AA and CA in the obese group. Many of the macular
layers were discovered to be significantly lower in AA vs. CA in
the obese group including the following: TMV (p= 0.003), RNFL
(p= 0.013), OPL (p= 0.050), ONL (p= 0.026), and GCIPL (p=
0.038). Differences in the remaining macular layers (INL, PR, or
RPE) were non-significant between AA and CA within the obese
group (Table 4).

OCT in the Non-obese Group: AA vs. CA
There were non-statistically significant findings of the thickness
of the pRNFL (G, T, I, N, S, or PMB) in AA vs. CA within
the non-obese group. ONL macular volume was revealed to be
significantly lower in AA vs. CA (p< 0.001) within the non-obese
group. Non-significant difference noted of the macular layers
(TMV, RNFL, INL, OPL, PR, RPE, or GCIP) between AA and
CA within the non-obese group (Table 4).

OCT Within the Same Race
Intra-racial analysis between obese and non-obese AA was
significant for the T quadrant of pRNFL (p = 0.05). While there
was a trend for significance for the RNFL and PMB (p = 0.06
and p = 0.07, respectively), differences for any other layers were
non-significant. In CA, comparisons were non-significant for any
retinal layer; however, there was a trend for significance for the
INL (p= 0.07) (Table 5).

DISCUSSION

It is well-established that obesity has been associated with
serious health risks, and its prevalence has been increasing,
with almost 40% of the US population are now characterized as
obese. Data from a National Health and Nutrition Examination
Survey revealed that AA women are affected at a higher rate of
54.8% compared to non-AA women (38% for CA and 15% for
Asian) (28, 29). Obesity is thought of as a chronic inflammatory
state in which the adipocytes, under certain conditions, secrete
pro-inflammatory cytokines, and downgrade anti-inflammatory
cytokines. This leads to the attraction of leukocytes that continue
to perpetuate a pro-inflammatory state by releasing more pro-
inflammatory cytokines and producing reactive oxygen species
(8, 30). Marrodan et al. reported a correlation between BMI
and leptin levels, demonstrating increased proliferation of
autoreactive T cells with high production of pro-inflammatory
cytokines and inhibition of T regulatory cells (31). It is still
controversial whether and to which extent the inflammatory
component of obesity contributes to MS. However, given the
chronic nature of MS, and the increased weight loss in its
progressive stages, obesity may be a poor prognostic factor
related to disease progression.

Our study showed a significant difference in the T quadrant of
the pRNFL, INL, and the RNFL between the BMI groupings. Our
results are in line with previous studies that have demonstrated
the easy detectability and high frequency of the T quadrant of the
pRNFL involvement in the MS population. After demonstrating
a robust association between T quadrant atrophy and symbol
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FIGURE 2 | Box plots overlaid with dot plots showing retinal layer thickness by BMI category (*statistically significant). Red dots represent means. µm: micrometer. G,

global; T, temporal; I, inferior; S, superior; N, nasal; PMB, papillomacular bundle. *Statistically significant.

digit modalities test (SDMT) and EDSS scores, Birkeldh et al.
concluded that T quadrant atrophy is associated with increased
cognitive and physical decline in patients with MS (32). Graham
et al. reported significant thinning affecting the T quadrant in the
non-ON eyes and also demonstrated that the T quadrant is a very
specific marker for detecting changes over time (6). In another
study on healthy young obese males, Dogan et al. demonstrated
a negative association between BMI and T quadrant pRNFL
thickness (33). Our findings support previous observations that
the T quadrant is affected more than other pRNFL quadrants
in our cohort of RRMS. Furthermore, we have shown that the
T quadrant thickness is impacted more in patients with obesity
than in patients with non-obesity, implying that this regionmight
be more sensitive to the changes caused by obesity than other
retinal structures.

Interestingly, in our intra-racial analysis, the T pRNFL was
the only layer that reached significance in AA obese compared to
AA non-obese, whereas non-significance was found in CA obese
compared to CA non-obese. This finding raises some questions
onwhether the impact of obesity on T quadrant of pRNFL is race-
driven or whether the AA patients with obesity are more obese
with more vascular comorbidities affecting the retinal integrity

compared with CA obese participants. Similarly, a trend for
significance for the RNFL and PMB was found in AA obese, but
not in obese CA compared with the non-obese counterparts.

We have also demonstrated the impact of elevated BMI on
INL and RNFL. Previous studies have demonstrated that an
increased INL volume has been linked to active inflammation.
INL volume typically increases during clinical relapses and
responds dynamically to treatment with disease-modifying
agents (34, 35). Furthermore, it is correlated with gadolinium-
enhancing lesions in brain MRI. In our study, INL volumes
were significantly higher in the obese group compared with
the non-obese. We assume that this finding might reflect
the potential sensitivity of this layer to chronic low-grade
inflammation associated with obesity; however, more research
is needed to reach this conclusion. Although INL volume
has not been associated with MS disease progression, our
findings suggest that obesity-associated inflammation could
potentially impact the integrity of this layer. In our intra-racial
analysis, there was a trend for significance for the INL in
CA obese compared with CA non-obese participants, whereas
non-significance was reached in the intra-racial analysis in
AA patients.
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FIGURE 3 | Box plots overlaid with dot plots showing retinal layer volume after intra-retinal segmentation by BMI category (*statistically significant). Red dots represent

means. mm3, cubic millimeter; BMI, body mass index; RNFL, retinal nerve fiber layer; INL, internal nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear layer;

PR, photoreceptor; RPE, retinal pigment epithelium; GCIPL, ganglion cell and internal plexiform layer. *Statistically significant.

Furthermore, prior studies utilizing OCT have shown
that inner layers, specifically the RNFL and GCIP, showed
decreasing thickness with increasing EDSS score and decreasing
brain volume, which may correlate more with worsening
neurodegenerative and neuroinflammatory processes. (6, 34,
35). A number of studies reported that RNFL axonal loss
is strongly correlated with changes in EDSS and clinical
disability. Our findings reflect that following intra-retinal
segmentation, the RNFL is impacted more significantly by
obesity than the other layers, implying that the obesity-associated
inflammatory process may also affect the neuroinflammatory and
potentially neurodegenerative processes involved in MS disease
progression. However, the difference in the GCIP layers did
not reach significance, despite a trend for lower values in the
obese group.

In the era of precision medicine and individualized treatment
approach, we aim to investigate specific biomarkers that may help
dictate treatment decisions. Therefore, we further investigate
the effect of obesity on our AA and CA cohort. There is
growing evidence that these two subgroups have different
disease characteristics and AA patients, though not diagnosed

with MS as frequently as CA patients, suffer from more
aggressive disease course and increased disability (16, 17).
AA experienced greater retinal injury compared with CA,
regardless of history of ON (35, 36). Up to date, there is only
one study that examined the effect of obesity on the retinal
structures in the MS population. In a longitudinal observational
study of 4.4 years, Filippatou et al. (37) have reported an
accelerated rate of GCIPL atrophy in obese compared with
normal weight patients with MS. Interestingly, no significance
difference was found between overweight and normal weight
participants (37).

In our race-based analysis, we observed that within the obese
group, there are significant differences between the AA and CA
patients in the following OCT measures: T, N, TMV, RNFL,
OPL, ONL, and GCIPL. Prior studies demonstrated AA race
was an independent factor associated with GCIPL atrophy, and
our results confirmed previous observations (38). Furthermore,
we demonstrated for the first time more severe injury of
several other retinal layers in obese AA. Our findings suggest
that obesity impacts retinal integrity in the AA population
to a much greater extent than in the CA population, which
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TABLE 4 | BMI category breakdown of OCT measures by race (AA and CA).

OCT measure Race Obese group Non-obese group

Mean SD p-value Mean SD p-value

AVG G (µm) AA 88.31 16.27 0.08 90.13 10.87 0.64

CA 93.11 10.86 91.92 12.22

AVG T (µm) AA 55.97 13.62 0.033* 60.48 9.99 0.63

CA 62.35 16.80 62.63 13.47

AVG I (µm) AA 114.47 21.77 0.09 118.39 16.82 0.91

CA 120.83 17.46 119.18 21.00

AVG N (µm) AA 69.46 16.99 0.044* 68.15 15.50 0.13

CA 77.09 17.84 73.52 14.39

AVG S (µm) AA 113.69 24.75 0.75 113.99 14.32 0.99

CA 112.35 20.08 113.97 20.82

AVG PMB (µm) AA 44.04 10.75 0.10 47.28 8.31 0.67

CA 47.31 10.73 46.78 10.74

AVG TMV (mm3 ) AA 8.17 0.51 0.003* 8.49 0.48 0.79

CA 8.48 0.48 8.24 1.17

AVG RNFL (mm3 ) AA 0.74 0.14 0.013* 0.78 0.12 0.09

CA 0.82 0.14 0.84 0.12

AVG INL (mm3 ) AA 0.98 0.07 0.36 0.97 0.05 0.29

CA 0.97 0.53 0.95 0.69

AVG OPL (mm3) AA 0.77 0.04 0.050* 0.78 0.05 0.35

CA 0.78 0.05 0.80 0.12

AVG ONL (mm3 ) AA 1.68 0.20 0.026* 1.59 0.19 0.000*

CA 1.79 0.18 1.77 0.15

AVG PR (mm3 ) AA 2.16 0.30 0.51 2.22 0.05 0.43

CA 2.22 0.05 2.17 0.28

AVG RPE (mm3 ) AA 0.52 0.91 0.39 0.38 0.02 0.74

CA 0.36 0.03 0.40 0.25

AVG GCIPL (mm3 ) AA 1.79 0.258 0.038* 1.814 0.199 0.617

CA 1.81 0.199 1.842 0.174

µm, micrometer; mm3, cubic millimeter; AA, African American; BMI, body mass index; CA, Caucasian American; T, temporal; I, inferior; S, superior; N, nasal; PMB, papillomacular

bundle; TMV, total macular volume; RNFL, retinal nerve fiber layer; INL, internal nuclear layer; OCT, optical coherence tomography; OPL, outer plexiform layer; ONL, outer nuclear layer;

PR, photoreceptor; RPE, retinal pigment epithelium; GCIPL, ganglion cell and internal plexiform layer.

*Statistically significant, multivariate analysis of covariance (MANCOVA).

would require more stringent monitoring of disease course
for AA patients with obesity. Surprisingly, in the non-obese
group, the ONL was the only layer found to be significantly
thinner in AA compared to CA patients, which needs further
investigation to determine whether it represents a biomarker
for AA patients with MS or it only race-driven. The absence
of normative data and the lack of a healthy control group
do not allow any conclusions at this point; however, further
research may shed light on the role of ONL layer in MS
between races.

Our study has several strengths and weaknesses. We assume
that our sample of 136 patients (272 eyes) overall is a decent
sample size, even though no power calculations were performed.
As a single center study, we use the same protocol, and the OCT
assessments were performed in the same machine by the same
technician. BMI documentation and OCT performance occurred
at the same clinic visit. We applied strict inclusion and exclusion
criteria, and we excluded patients with history of ON in either

eye or other comorbidities; therefore, we minimized the impact
of previous ON and other comorbidities on our results. However,
given the lack of a healthy control group and the cross-sectional
design, our study cannot prove casualty. We divided our patients
into two groups: normal weight and obese, and we did not have a
third “overweight” group. We use the BMI as a measure of body
fat, despite body fat at a given BMI level can vary by sex, age,
and race.

In summary, we demonstrated the impact of elevated body
mass index on T quadrant of pRNFL, INL, and RNFL in
our entire study cohort, and we reported a more severe
impact of obesity in the AA population. The potential role of
ONL as a race-specific biomarker is still unclear and needs
further investigation. Thus, our findings should be considered
preliminary but encouraging, and they should support efforts to
further extend these observations to a larger cohort of patients
withMS. Should our findings be confirmed on larger longitudinal
studies, BMI monitoring, and maintenance of a healthy weight
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TABLE 5 | Intra-racial analysis.

OCT measure BMI category AA group CA group

Mean SD p-value Mean SD p-value

AVG G (µm) Obese 88.31 16.27 0.35 93.11 10.86 0.89

Non-Obese 90.13 10.86 91.92 12.22

AVG T (µm) Obese 55.97 13.62 0.05* 62.35 16.80 0.69

Non-Obese 60.47 9.99 62.63 13.47

AVG I (µm) Obese 114.47 21.77 0.22 120.83 17.45 0.88

Non-Obese 118.39 16.82 119.18 21.00

AVG N (µm) Obese 69.46 16.99 0.98 77.09 17.84 0.40

Non-Obese 68.15 15.50 73.52 14.38

AVG S (µm) Obese 113.69 24.75 0.74 112.32 20.08 0.59

Non-Obese 114.00 14.32 113.97 20.81

AVG PMB (µm) Obese 44.04 10.75 0.07 47.31 10.73 0.99

Non-Obese 47.28 8.31 46.78 10.73

AVG TMV (mm3 ) Obese 8.17 0.51 0.60 8.48 0.48 0.30

Non-Obese 8.48 0.48 8.24 1.17

AVG RNFL (mm3 ) Obese 0.74 0.14 0.06 0.82 0.13 0.32

Non-Obese 0.78 0.12 0.84 0.12

AVG INL (mm3 ) Obese 0.98 0.07 0.56 0.97 0.53 0.07

Non-Obese 0.97 0.05 0.95 0.69

AVG OPL (mm3) Obese 0.77 0.05 0.47 0.78 0.05 0.45

Non-Obese 0.78 0.05 0.80 0.12

AVG ONL (mm3 ) Obese 1.68 0.20 0.16 1.79 0.17 0.67

Non-Obese 1.59 0.19 1.77 0.15

AVG PR (mm3 ) Obese 2.16 0.30 0.25 2.21 0.05 0.53

Non-Obese 2.21 0.05 2.17 0.28

AVG RPE (mm3 ) Obese 0.52 0.90 0.42 0.36 0.03 0.27

Non-Obese 0.38 0.02 0.40 0.24

AVG GCIPL (mm3 ) Obese 1.79 0.26 0.35 1.81 0.20 0.57

Non-Obese 1.81 0.19 1.84 0.17

µm, micrometer; mm3, cubic millimeter; AA, African American; BMI, body mass index; CA, Caucasian American; T, temporal; I, inferior; S, superior; N, nasal; PMB, papillomacular

bundle; TMV, total macular volume; RNFL, retinal nerve fiber layer; INL, internal nuclear layer; OPL, outer plexiform layer; OCT, optical coherence tomography; ONL, outer nuclear layer;

PR, photoreceptor; RPE, retinal pigment epithelium; GCIPL, ganglion cell and internal plexiform layer.

*Statistically significant, multivariate analysis of co-variance (ANCOVA).

would have an important impact on the improvement of care of
patients with MS.

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available
because requests to access the datasets must first be approved
by the Wayne State University Institutional Review Board.
Requests to access the datasets should be directed to Evanthia
Bernitsas, ebernits@med.wayne.edu.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institutional Review Board, Detroit, MI. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

JR, MB, CB, and EB researched literature and conceived the
study. MB, CB, FB, and MH were involved in data collection and
analysis. JR and MB wrote the first draft of the manuscript. EB
edited the final draft. All authors contributed to the article and
approved the submitted version.

FUNDING

This study was supported by the Sastry Foundation and
Institutional support.

ACKNOWLEDGMENTS

We would like to thank Ms. Carla Santiago-Martinez for
administrative assistance and maintenance of the OCT database.

Frontiers in Neurology | www.frontiersin.org 8 November 2021 | Volume 12 | Article 743592

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Rube et al. Obesity and Retina in MS

REFERENCES

1. Schependom JV, Guldolf K, D’hooghe MB, Nagels G, D’haeseleer

M. Detecting neurodegenerative pathology in multiple sclerosis

before irreversible brain tissue loss sets in. Transl Neurosci. (2019)

8:37–54. doi: 10.1186/s40035-019-0178-4

2. Yin P, Xiong H, Liu Y, Sah S, Zeng C, Wang J, et al. Measurement

of the permeability, perfusion, and histogram characteristics in

relapsing-remitting multiple sclerosis using dynamic contrast enhanced

MRI with extended Tofts linear model. Neurology India. (2018)

66:709–15. doi: 10.4103/0028-3886.232324

3. Jankowska-Lech, I, Wasyluk, J, Palasik, W, Terelak-Borys B, Grabska-Liberek

I. Peripapillary retinal nerve fiber layer thickness measured by optical

coherence tomography in different clinical subtypes of multiple sclerosis.Mult

Scler Relat Disord. (2019) 27:260–8. doi: 10.1016/j.msard.2018.11.003

4. Behbehani, R, Al-Hassan, AA, Al-Salahat, A, Sriraman D, Oakley JD,

Alroughani R. Optical coherence tomography segmentation analysis in

relapsing remitting versus progressive multiple sclerosis. PLoS ONE. (2017)

12:e0172120. doi: 10.1371/journal.pone.0172120

5. Bichuetti, DB, de Camargo, AS, Falcao, AB, Gonçalves FF, Tavares IM, de

Oliveira EM. The retinal nerve fiber layer of patients with neuromyelitis

optica and chronic relapsing optic neuritis is more severely damaged

than patients with multiple sclerosis. J Neuroophthalmol. (2013) 33:220–

4. doi: 10.1097/WNO.0b013e31829f39f1

6. Graham, EC, You Y, Yiannikas, C, Garrick R, Parratt J, Barnett MH, et al.

Progressive loss of retinal ganglion cells and axons in nonoptic neuritis

eyes in multiple sclerosis: a longitudinal optical coherence tomography

study. Invest Ophthalmol Vis Sci. (2016) 57:2311–7. doi: 10.1167/iovs.15-

19047

7. Saidha S, Al-Louzi O, Ratchford JN, Bhargava P, Oh J, Newsome SD, et al.

Optical coherence tomography reflects brain atrophy in multiple sclerosis: a

four-year study. Ann Neurol. (2015) 78:801–13. doi: 10.1002/ana.24487

8. Novo AM, Batista S. Multiple sclerosis: implications of

obesity and neuroinflammation. Adv Neurobiol. (2017) 19:191–

210. doi: 10.1007/978-3-319-63260-5_8

9. Mokry LE, Ross S, Timpson, Sawcer S, Davey Smith G, Richards JB. Obesity

and multiple sclerosis: a mendelian randomization study. PLoS Med. (2016)

13:31002053. doi: 10.1371/journal.pmed.1002053

10. Marck CH, Neate SL, Taylor KL, Weiland TJ, Jelinek GA. Prevalence

of comorbidities, overweight, and obesity in an international sample of

people with multiple sclerosis and associations with modifiable lifestyle

factors. PLoS ONE. (2016) 11:e0148573. doi: 10.1371/journal.pone.

0148573

11. Pinhas-Hamiel O, Livne M, Harari G, Achiron A. Prevalence of

overweight, obesity and metabolic syndrome components in multiple

sclerosis patients with significant disability. Eur J Neurol. (2015)

22:1275–9. doi: 10.1111/ene.12738

12. King BM. The modern obesity epidemic, ancestral hunter-gatherers, and

the sensory/reward control of food intake. Am Psychol. (2013) 68:88–

96. doi: 10.1037/a0030684

13. Wallin M, Page W, Kurtzke JF. Multiple sclerosis in US veterans of the

Vietnam era and later military service: Race, sex, and geography. Ann Neurol.

(2004) 55:65–71. doi: 10.1002/ana.10788

14. Cosnett JE. Multiple sclerosis and neuromyelitis optica: case report and

speculation. S Afr Med J. (1989) 60:249–51.

15. Rosati G. The prevalence of multiple sclerosis in the world: an update. Neurol

Sci. (2001) 22:117–39. doi: 10.1007/s100720170011

16. Cree B AC, Khan O, Bourdette D, Goodin DS, Cohen

JA, Marrie RA, et al. Clinical characteristics of African

Americans vs Caucasian Americans with multiple sclerosis.

Neurology. (2004) 63:2039–45. doi: 10.1212/01.WNL.0000145762.

60562.5D

17. Kaufman MD, Johnson SK, Moyer D, Bivens J, Norton HJ. Multiple sclerosis:

severity and progression rate in African Americans Compared with Whites.

Am J Phys Med Rehabil. (2003) 82:582–90. doi: 10.1097/01.PHM.0000078199.

99484.E2

18. Caldito, NG, Saidha, S, Sotirchos, ES, Dewey BE, Cowley NJ, Glaister J, et al.

Brain and retinal atrophy in African-Americans versus Caucasian-Americans

with multiple sclerosis: a longitudinal study. Brain. (2018) 141:3115–

29. doi: 10.1093/brain/awy245

19. Lichtman-Mikol S, Razmjou S, Yarraguntla K, Fen Bao, Santiago-

Martinez C, Seraji-Bozorgzad N, et al. Racial differences in retinal

neurodegeneration as a surrogate marker for cortical atrophy in multiple

sclerosis.Mult Scler Relat Disord. (2019) 31:141–7. doi: 10.1016/j.msard.2019.

04.001

20. Seraji-Bozorgzad N, Khan O, Cree BAC, Bao F, Caon C, Zak I, et al.

Cerebral gray matter atrophy is associated with the CSF IgG index in

African american with multiple sclerosis. J Neuroimaging. (2017) 27:476–

80. doi: 10.1111/jon.12435

21. Corral I, Landrine H. Racial differences in the predictors of interest in

Bariatric surgery in the rural, Southeastern USA. J Racial Ethn Health

Disparities. (2019) 6:481–6. doi: 10.1007/s40615-018-00546-9

22. Lewis KH, Edwards-Hampton SA, Ard JD. Disparities in treatment uptake

and outcomes of patients with obesity in the USA. Curr Obes Rep. (2016)

5:282–90. doi: 10.1007/s13679-016-0211-1

23. McTigue, KM, Chang, YF, Eaton, C, Garcia L, Johnson KC, Lewis CE,

et al. Severe obesity, heart disease, and death among white, African

American, and Hispanic postmenopausal women. Obesity. (2014) 22:801–

10. doi: 10.1002/oby.20224

24. Solomon A, Norton GR, Woodiwiss AJ, Dessein PH. Obesity and carotid

atherosclerosis in African/ black and Caucasian women with established

rheumatoid arthritis: a cross-sectional study. Arthritis Res Ther. (2012)

14:R67. doi: 10.1186/ar3784

25. Kokkinos P, Myers P, Faselis C, Doumas M, Kheirbek R, Nylen E. BMI-

mortality paradox and fitness in African American and Caucasian men

with type 2 diabetes. Diabetes Care. (2012) 35:1021–7. doi: 10.2337/dc11-

2407

26. Tewarie P, Balk L, Costello F, Green A, Martin R, Schippling S, et al.

et al. The OSCAR-IB consensus criteria for retinal OCT quality

assessment. PLoS ONE. (2012) 7:e34823. doi: 10.1371/journal.pone.

0034823

27. Aytulun A, Cruz-Herranz A, Aktas O, Balcer LJ, Balk

L, Barboni P, et al. APOSTEL 2.0 recommendations for

reporting quantitative optical coherence tomography studies.

Neurology. (2021) 97:68–79. doi: 10.1212/WNL.00000000000

12125

28. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of Obesity and Severe

Obesity Among Adults: United States, 2017-2018. NCHS Data Brief No. 360

(2020) 1–8.

29. Ogden CL, Fryar CD, Martin CB, Freedman DS, Carroll MD, Gu Q,

et al. Trends in obesity prevalence by race and Hispanic Origin-1999-

2000 to 2017-2018. JAMA. (2020) 324:1208–10. doi: 10.1001/jama.2020.

14590

30. Kutzelnigg A, Lassman, H. Pathology of multiple sclerosis and related

inflammatory demyelinating diseases. Handb Clin Neurol. (2014) 122:15–

58. doi: 10.1016/B978-0-444-52001-2.00002-9

31. Marrodan M, Farez MF, Balbuena-Aguirre M, Correale J. Obesity and the

risk of multiple sclerosis. The role of leptin. Ann Clin Transl Neurol. (2021)

8:406–24. doi: 10.1002/acn3.51291

32. Birkeldh U, Manouchehrinia, A, Hietala, MA, Hillert J, et al. Retinal

nerve fiber layer thickness associates with cognitive impairment and

physical disability in multiple sclerosis. Mult Scler Relat Disord. (2019)

36:101414. doi: 10.1016/j.msard.2019.101414

33. Dogan CU, Culha D. Subfoveal choroidal thickness peripapillary

retinal nerve fiber layer in young obese males. Eur J Ophthalmol.

(2020) 202:1129672120982899. doi: 10.1177/11206721209

82899

34. Knier B, Schmidt P, Aly L, Buck D, Berthele A, Mühlau M, et al. Retinal

inner nuclear layer volume reflects response to immunotherapy in multiple

sclerosis. Brain. (2016) 139:2855–63. doi: 10.1093/brain/aww219

35. Cellerino, M, Cordano, C, Boffa, G, Bommarito G, Petracca M, Sbragia

E, et al. Relationship between retinal inner nuclear layer, age, and disease

activity in progressive MS. Neurol Neuroimmunol Neuroinflamm. (2019)

6:e596. doi: 10.1212/NXI.0000000000000596

36. Seraji-Bozorgzad N, Reed S, Bao F, Santiago C, Santiago C, Tselis A, et al.

Characterizing retinal structure injury in African-Americans with multiple

Frontiers in Neurology | www.frontiersin.org 9 November 2021 | Volume 12 | Article 743592

https://doi.org/10.1186/s40035-019-0178-4
https://doi.org/10.4103/0028-3886.232324
https://doi.org/10.1016/j.msard.2018.11.003
https://doi.org/10.1371/journal.pone.0172120
https://doi.org/10.1097/WNO.0b013e31829f39f1
https://doi.org/10.1167/iovs.15-19047
https://doi.org/10.1002/ana.24487
https://doi.org/10.1007/978-3-319-63260-5_8
https://doi.org/10.1371/journal.pmed.1002053
https://doi.org/10.1371/journal.pone.0148573
https://doi.org/10.1111/ene.12738
https://doi.org/10.1037/a0030684
https://doi.org/10.1002/ana.10788
https://doi.org/10.1007/s100720170011
https://doi.org/10.1212/01.WNL.0000145762.60562.5D
https://doi.org/10.1097/01.PHM.0000078199.99484.E2
https://doi.org/10.1093/brain/awy245
https://doi.org/10.1016/j.msard.2019.04.001
https://doi.org/10.1111/jon.12435
https://doi.org/10.1007/s40615-018-00546-9
https://doi.org/10.1007/s13679-016-0211-1
https://doi.org/10.1002/oby.20224
https://doi.org/10.1186/ar3784
https://doi.org/10.2337/dc11-2407
https://doi.org/10.1371/journal.pone.0034823
https://doi.org/10.1212/WNL.0000000000012125
https://doi.org/10.1001/jama.2020.14590
https://doi.org/10.1016/B978-0-444-52001-2.00002-9
https://doi.org/10.1002/acn3.51291
https://doi.org/10.1016/j.msard.2019.101414
https://doi.org/10.1177/1120672120982899
https://doi.org/10.1093/brain/aww219
https://doi.org/10.1212/NXI.0000000000000596
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Rube et al. Obesity and Retina in MS

sclerosis. Mult Scler Relat Disord. (2016) 7:16–20. doi: 10.1016/j.msard.2016.

02.009

37. Filippatou AG, Lambe J, Sotirchos ES, Fitzgerald KC, Aston A, Murphy

O, et al. Association of body mass index with longitudinal rates

of retinal atrophy in multiple sclerosis. Mult Scler. (2020) 26:843–

54. doi: 10.1177/1352458519900942

38. Kimbrough DJ, Sotirchos E, Wilson JA Al-Louzi O, Conger A, Conger

D, et al. Retinal damage and vision loss in African- American multiple

sclerosis patients. Ann Neurol. (2015) 77:228–36. doi: 10.1002/ana.

24308

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Rube, Bross, Bernitsas, Hackett, Bao and Bernitsas. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Neurology | www.frontiersin.org 10 November 2021 | Volume 12 | Article 743592

https://doi.org/10.1016/j.msard.2016.02.009
https://doi.org/10.1177/1352458519900942
https://doi.org/10.1002/ana.24308
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Effect of Obesity on Retinal Integrity in African Americans and Caucasian Americans With Relapsing Multiple Sclerosis
	Introduction
	Methods
	Optical Coherence Tomography
	Statistical Analysis

	Results
	Study Population
	OCT in the Entire Group (AA and CA): Obese vs. Non-obese Patients With MS
	OCT in the Obese Group: AA vs. CA
	OCT in the Non-obese Group: AA vs. CA
	OCT Within the Same Race

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


