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Using skew-symmetric mixed models for investigating the effect of different dia-
betic macular edema treatments by analyzing central macular thickness and
visual acuity responses
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Abstract

BACKGROUND: Diabetic Macular Edema (DME) is one of the major causes of visual loss and increase in central macu-
lar thickness (CMT). The aim of this study was to determine the efficacy of a single intravitreal injection of bevacizu-
mab (IVB) alone or in combination with intravitreal triamcinolone acetonide (IVB/IVT) versus macular laser photoco-
agulation (MPC) as primary treatment for DME when confounders were considered.

METHODS: Skew-symmetric bivariate mixed modeling according to best corrected visual acuity (BCVA) and CMT was
done on the data of 103 diabetic patients from ophthalmic research center of Labbafinejad medical center (Tehran, Iran)
to determine the best DME treatment by adjusting the effect of confounders.

RESULTS: Although there was no significant difference between IVB/IVT (p > 0.05), these two treatments increased
BCVA and decreased CMT better than MPC (p < 0.05). The following three groups showed better treatment responses:
1) women, 2) patients with more diabetes duration, 3) patients whose CMT were higher and VA were lower at the be-
ginning of the clinical trial.

CONCLUSIONS: Using skew-symmetric mixed effect model as updated statistical method in presence of asymmetric or
outlier data, we received different results compared to the same investigation on this study by analyzing BCVA and
CMT simultaneously. This research demonstrated the effect of IVB alone or in combination with intravitreal IVB/IVT
on visual power and decreasing CMT during follow up.

KEYWORDS: Best-Corrected Visual Acuity, Central Macular Thickness, Diabetic Macular Edema, Skew-symmetric
Mixed Models.
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iabetic retinopathy is one of the most
Dcommon side-effect of the diabetic pa-

tients and also one of the important
reasons for visual impairment. Thus, the prob-
ability of visual acuity loss is higher in diabetic
patients in comparison with normal popula-
tion.12 Nevertheless, 60-90 percent of those
who have diabetes I and II show retinopathy
after two decades and only half of them visit
ophthalmologist because of the crucial symp-

toms.3* Accordingly, identifying significant
risk factors of retinopathy, its on-time diagno-
sis and control can hamper its progress.

It was shown that the following factors can
accelerate the progress of retinopathy; the du-
ration of diabetes, the patient’s age, sex, body
mass index, smoking and hyperlepidemia.l56
One of the most important factors is the dura-
tion of having diabetes, especially more than
10 years. In a recent research it was shown that
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80% of diabetic patients have retinopathy after
15 years.” Diagnosis and treatment of Diabetic
Macular Edema (DME), that happens at the
early stages of diabetes, can assist treatment of
retinopathy .89

Among the medical studies, clinical trials
are the most important and complete ones. In
these studies, if it is possible to measure the
parameters repeatedly during time, the results
will be more reliable and the research can dis-
close facts that were not evident before.1? Since
the repeated measurements are mostly corre-
lated, it is important to use the appropriate sta-
tistical analysis method. Longitudinal model-
ing is a recent technique enabling to analyze
these types of clinical trials. In these studies,
the patient features analyzed during time simi-
lar to different responses of treatment in dif-
ferent subjects creates a variable which is im-
portant to take into account in statistical analy-
sis.11 On the other hand, in some clinical trials
there is more than one parameter to consider.
Modeling each variable independently can po-
tentially hide the inter-dependence of the ana-
lyzed parameters resulting in misleading hy-
pothesis.’2 One of the mostly used methods to
infer multi-variable repeated measurements is
Multivariate Mixed Longitudinal Analysis that
on the one hand, takes into account the correla-
tion among measurands and the inter-subject
variability and on the other hand, considers all
the variable simultaneously.’® Multivariate
mixed models takes into account the random-
ness in the model, models the intra-subject va-
riability and results in more accurate find-
ings.’ These models are called mixed models
because there are mixtures of random and
fixed effects in the model. One of the most im-
portant assumptions in the multivariate mixed
models is the normality of random effects. Al-
though satisfying this assumption facilitates
the statistical inference, in many cases, the
asymmetric data (due to the outliers and those
that are far away from the recorded data) vio-
lates the normality assumption in the random
effect. They introduce zero-deviated Kurtosis
and Skewness in the distribution in compari-
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son with the normal one and bias the variance
to higher values.?>

Normality assumption in traditional meth-
ods such as the correlation analysis paired
sample t-test (to analyze the response before
and after intervention) or its expanded version
such as variance analysis in repeated (>2) mea-
surements, has limited its usage in the analysis
of the real recorded data.’* Because in clinical
trials on a specific disease, the existence of sub-
ject(s) with non-normal values is inevitable.
The first and easiest solution in analyzing this
kind of data is omitting asymmetric data that
usually ends up with incorrect interpretation.15
Thus, using a distribution that can be fitted to
the recorded data because of its non-
symmetrical and skewed nature is practically
interested.’> In the following we show the use-
ful application of multivariate mixed models
method to analysis ophthalmic randomized
clinical trial to receive more precise results
than the previous studies on this data set.

The data recorded from a randomized study
on patients with DME were analyzed in this
paper using a new statistical method. Accord-
ingly, the best treatment among Intravitreal
Bevacizumab (IVB), Intravitreal Bevacizu-
mab/Intravitreal Triamcinolone (IVB/IVT)
and finally, the versatile treatment of Macular
Laser Photocoagulation (MPC) was identi-
fied after adjusting for confounders. Our study
was motivated by the fact that many data sets
considered in the literature seem to present
non-normal behavior!? which require data
transformation or omitting these kinds of data
in order to be better approximated by the nor-
mal distribution. Nowadays, using statistical
models considering the real distribution of the
data provides an appealing robust alternative
to the usual symmetric process in repeated
measurement models. Among the distributions
that belong to the skewed class of distribu-
tions, we can receive more precise and efficient
results by this method. In this article, we advo-
cate the use of a subclass of skew-symmetric
distributions which develops a more flexible
modeling than the primary statistical models.
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Methods

This randomized clinical trail study was per-
formed on 150 patients in ophthalmic research
center of Labbafinejad Medical Center (Tehran,
Iran) during two years ending in 2007. Consid-
ering 90% power for detection of a 0.2-logMAR
difference (equal to 2 Snellen lines) in visual
acuity and being significant at the two-sided
5% level with an assumed standard deviation
(SD) of 0.33, 50 eyes in each group were re-
quired.’> We selected 103 patients’ eye with
complete information from these 150 eyes.

The informed written consent was obtained
from all patients and the protocol was ap-
proved by the ethical committee of ophthalmic
research center of Labbafinejad Medical Center
(Tehran, Iran). In this study, patients were
randomly allocated into three following
groups: 1) The IVB group, patients who re-
ceived 125 mg IVB (32 subjects); 2) the
IVB/IVT group, patients who received 1.25 mg
of IVB and 2 mg of IVT (32 subjects); and 3) the
MPC group, patients who underwent focal or
modified grid laser (33 subjects). To decrease
the side effect of IVB, half doze was used in-
stead of normal 4 mg injection. In the case of
two eyes examination, each eye was studied
separately and the best corrected visual acuity
(BCVA) and central macular thickness (CMT) of
each patient were measured during the survey.

BCVA was measured by the Snellen chart
and was recorded in logarithm of the mini-
mum angle of resolution (logMAR) scale. Reti-
nal thickness was measured in a circle (3.5 mm
in diameter) centered on the fixation point.
Mean thickness on the 1 mm circle centered on
the fovea (CMT) was considered for statistical
evaluation.

Exclusion criteria were previous panretinal
or focal laser photocoagulation, prior intraocu-
lar surgery or injection, history of glaucoma or
ocular hypertension, VA of 20/40 or better or
worse than 20/300, presence of iris neovascu-
larization, high-risk proliferative diabetic reti-
nopathy, and significant media opacity. Mono-

CMT = f (CRV + 3, (sex) + B,(DD) + B, (IVB/ IVT) + B, (MPC)) + Error
VABC =CRYV + 3,,(sex) + 3,,(DD) + B, (1VB/ IVT) + S,,(MPC) + Error
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cularity, pregnancy, serum creatinine > 3
mg/dl, and uncontrolled diabetes mellitus
were also among the exclusion criteria.!5

The experiment was conducted in a triple-
blind manner that patients, experimenters and
data analyzers were not aware of the specific
diagnostic methods. For this reason, a non-
therapeutic light was shed on the patients' ma-
cula for 20 sec in IVB and IVB/IVT groups. The
injection was also simulated for MPC group.1¢

Statistical modeling was based on the data
recorded in weeks 6, 12, 24, 36, and 48 which
the patient’s data was complete at these times.
BCVA as a continuous variable and CMT as an
ordinal variable were the response variables
and the duration of diabetes (> 10 years) (DD)
as the number of years having diabetes, sex
and the baseline values of BCVA and CMT
were considered as confounder variables. It
should be noted that the CMT variable was
ordered in three following groups:1¢ < 300 {m,
300-399 pm and > 400 pm. Since the bivariate
distribution of the recorded data was shown to
be asymmetric or heavy-tailed based on the
bivariate Mardia’s skewness and kurtosis coef-
ficients® of 0.88 and 6.7, asymmetric modeling
was crucial.

After fitting different symmetric and skew-
symmetric distribution and running the model,
DICs (goodness of fit criteria of the models)
were compared in different models. The re-
sults of comparing these criteria showed that
the skew-symmetric models fitted better than
the symmetric models. In addition, among
asymmetric models, the distribution with more
kurtosis was the best one.

The bivariate mixed linear model is shown
in Eq.1 and Eq.2. In this model, the constant
random variable (CRV) was used to compen-
sate intra-subject variability while the bivariate
model was chosen because of the relative cor-
relation between CMT and BCVA. Further-
more, 'is the Log link function for the ordinal
response.

Eq.1
Eq.2
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Skew-symmetric distributions used in this
model were either those that had more kurto-
sis in comparison with the normal one or those
that had right skewness'517 such as skew-
normal! or skew-t.2 Although the density func-
tions of the skewed distributions are compli-
cated, they are of interest for researchers be-
cause of the lower error variance and higher
precision.” In these models, traditional meth-
ods are not used to compute the coefficients.
Instead, Bayesian methods are used. Statistical
modeling and inference was written in Win-
Bugs ver. 14.18 Selection of the best fitted
asymmetric model among different distribu-
tions was based on Deviance Information Cri-
teria (DIC) which is a goodness of fit measure
in Bayesian methods. Data were reported as
frequency (percent) for qualitative variables
and mean * Standard Deviation (SD) for quan-
titative variables. Odds Ratios (OR) and their
95% confidence intervals (Cls) were presented
as the measure of association and p-values <
0.05 were considered as statistically significant.

Results

In this study, 47.4% of participants were men
and 52.6% were women. Their age was in the
47-57 years range. Their average diabetic dura-
tion was 10.24 £ 1.2 years (Mean* SD). Among
the patients, 923% and 7.7% had non-
proliferative and proliferative retinopathy, re-
spectively. BCVA values are shown according
to LogMAR scale. Twelve percent of the whole
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data were asymmetric or outlier based on
some primary statistical method like Z-score
(Table 1).

All confounders were significant in our
model (p < 0.05) (Table 2). These results are
presented based on the best fitted model using
DIC. Using this criterion, it was identified that
the mixed asymmetric model of skew-t was the
best model among the fitted models. This dis-
tribution is one of the important asymmetric
distributions that can cover more outliers than
the normal distribution. There was no signifi-
cant difference between IVB and IVB/IVT
groups for the treatment of DME (p > 0.05)
while these two groups showed significantly
better therapeutic effect in comparison with
the PMC group (p < 0.05) (Table 2). These ef-
fects were on increasing BCVA as well as de-
creasing CMT. Considering the regression co-
efficients and the p-values, patients with
longer diabetic duration showed better re-
sponse to the treatment. In other words, the
rate of decreasing CMT and increasing BCVA
was higher for patients whose diabetic dura-
tion was higher in comparison with those with
lower diabetic duration. It was also shown
women showed better response to the treat-
ment. Taking into account the baseline values,
patients with lower BCVA and higher CMT
showed better response to the treatment. It
should be noted that since the CMT variable is
ordinal, the odds ratio and its confidence in-
terval was reported (Table 2).

Table 1. The summary statistics of best correlated visual acuity and central macular thickness at
the beginning and during the follow-ups (n=103)

CMT BCVA

Treatment VB IVB/IVT MPC VB IVB/IVT MPC

Groups mean+SD mean=SD mean+SD mean*SD mean+SD mean +SD
Baseline 320+118 350+116 341+149 0.71+x0.26 0.73+£0.28 0.55+0.18
Week 6 318+111 348+109 340+124 0.72+x0.18 0.74+0.25 0.60+0.22
Week 12 295+117 340%x115 338+122 0.75+0.16 0.76+0.22 0.54+0.32
Week 24 290+110 338+105 335+132 0.79+0.17 0.77+x0.19 0.57%0.29
Week 36 289+115 335%x118 333+121 0.79%£0.19 0.77+x0.20 0.57x0.17
Week 48 286 +113 324+116 332+114 0.79%+0.23 0.78+0.28 0.58+0.24

CMT : Central Macular Thicknes8CVA: Best-Corrected Visual AcuitylVB: Intravitreal Bevacizumab injection
alone groupJVB/IVT: Intravitreal Bevacizumab injection in combination with Intravitreal Triamcinolone acetonide
group,MPC: Macular laser Photocoagulation group
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Table 2. The regression results of the bivariate mixed linear asymmetric model for predictors of
correlated visual acuity and central macular thickness in diabetic patients

Odds Ratio

Outcome Variables Group n Mean = SD (95% Cl) P-value
Men 49 0.63+1.25 1.9(0.5-6.5) <0.001
Sex 54  Reference
Women
Group
Diabetic Duration 0.65+0.24 1.9(1.5-2.4) <0.001
Baseline measurements 1.45+0.52 4.2(2.5-7.1) <0.001
Treatment Groups IVB/IVT 32 0.23+0.57 1.2(0.7-2.2) 0.075
MPC 33 1.02+0.49 2.7(1.7-4.5) <0.001
|_
S VB 32 Reference
O Group
Men 49 0.14+0.73 - <0.001
Sex 54  Reference
Women
Group
Diabetic Duration -0.41+£0.76 - <0.001
<>( Baseline measurements -1.02+0.43 <0.001
o Treatment Groups IVB/IVT 32 -0.54+0.55 - 0.067
MPC 33 -0.73+£0.59 - <0.001
VB 32 Reference
Group

CMT: Central Macular Thickness, BCVA: Best-Corrected Visual Acuity, IVB: Intravitreal Bevacizumab injection
alone group, IVB/IVT: Intravitreal Bevacizumab injection in combination with Intravitreal Triamcinolone acetonide

group, MPC: Macular laser Photocoagulation group
ClI : Confidence Interval

Discussion
Using the specific design method in the analy-
sis of clinical trials, it is possible not only to
control the confounding variables but also to
investigate the possible variation of the out-
comes during time.’® Non-normal data usually
exists in medical records and it is rare to have
normal data all the time. By removing asym-
metric data that are non-normal data or out-
liers, it is possible to reduce the sample size so
much that makes it difficult to analyze the data
and correctly interpret the parameters.20 Other
proposed statistical methods used to analyze
non-normal data, for example non-parametric
analysis, have lower power in comparison
with the parametric methods.’> Therefore, in
recent years, incorporating statistical methods
that not only take into account the data correla-
tion in repeated measurements but also toler-
ate the non-normality, has been of great inter-
est among investigators.

Longitudinal data analysis is recently used
to more accurately analyze the clinical trials. In
these methods, since there is a correlation be-

J Res Med Sci / October 2011; Vol 16, No 10.

tween repeated measures, it is important to use
approaches that take into account the data cor-
relation as well as time-dependent effects of
the treatment methods.

According to the results of the current
study, intravitreal bevacizumab injection alone
or in combination with intravitreal triamci-
nolone acetonide improved the BCVA and sig-
nificantly reduced the CMT that the associa-
tion was not strictly proven to be significant in
the previous researches using primary statisti-
cal methods.’® These improvements are much
clearer up to the week 24. Similar studies
showed that the effect of bevacizumab injec-
tion is retained up to two weeks.?! In the litera-
ture, other investigators showed that in-
travitreal bevacizumab injection improves the
vision in diabetic patients but intravitreal
bevacizumab injection in combination with
intravitreal triamcinolone acetonide does not
improve the patients’ vision or reduce the
CMT.222 Gtatistical analysis using repeated
measurement on the same data set also
showed intravitreal bevacizumab injection
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alone or in combination with intravitreal tri-
amcinolone acetonide improved only the pa-
tients’ vision.15

The significancy of the patient’s sex and di-
abetic duration (> 10 years) on the patient’s
responses to the treatment is in line with the
previous studies.l>® However, unlike the pre-
vious researches in which the effect of sex was
not directly declared, we proved that women
showed better responses to the treatments. We
also showed that the patient’s response to the
treatment is better if the diabetic duration is
higher which is in agreement with the previ-
ous researches.>24

Therefore, according to our statistical analy-
sis, intravitreal bevacizumab injection alone or
in combination with intravitreal triamcinolone
acetonide was a suitable substitute to macular
laser photocoagulation as a primary treatment
for diabetic macular edema. In addition, the
aforementioned treatment methods had more
positive effect on the patients that had lower
BCVA and higher CMT as the baseline values.

In this paper, we not only modeled clinical
outcomes in the presence of confounding pa-
rameters including disease duration and sex,
but we also did not remove any asymmetric
data or outliers that enabled to increase the
power of tests in comparison with other simi-
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lar studies. Considering the bivariate analysis,
two outcomes of BCVA and CMT were ana-
lyzed simultaneously that indeed gave the op-
portunity to analyze their relationship that in-
creased the accuracy of the inference in com-
parison with the previous investigations. In
spite of all aforementioned advantages, this
updated statistical analysis has a lot of compu-
tational difficulties and requires programming
software which is hard to use.

Conclusions

No significant difference was observed in this
research between intravitreal bevacizumab in-
jections alone or in combination with in-
travitreal triamcinolone acetonide. However,
both of these methods significantly showed
better improvement in comparison with that of
macular laser photocoagulation as a traditional
treatment of diabetic macular edema. This im-
provement was shown in increasing the BCVA
and decreasing the CMT during one year clini-
cal follow-up. This research showed that when
we have non-normal data in clinical trials,
skew-symmetric mixed effect models may lead
to different results compared to symmetric
mixed models. With regard to the advantages
of this updated statistical method, we can use
all data set including asymmetric data.

MM carried out the design and coordinated the study, and run all modelling studies and prepared
the manuscript. AK and IK provided assistance in the design of the study, technical advice on
modelling and revised the manuscript. FZ provided assistance for all statistical results. MS coordi-
nated and carried out all the experiments and provided the technical advice on medical discussion.
All authors have read and approved the content of the manuscript.

References

1. Jamal-u-Din, Qureshi MB, Khan AJ, Khan MD, Ahmad K. Prevalence of diabetic retinopathy among individuals
screened positive for diabetes in five community-based eye camps in northern Karachi, Pakistan. J Ayub Med Coll
Abbottabad 2006; 18(3): 40-3.

2. Horri N, Farmani M, Ghassami M, Haghighi S, Amini M. Visual acuity in an Iranian cohort of patients with type 2
diabetes: the role of nephropathy and ischemic heart disease. Journal of Research in Medical Sciences 2011; 16(3):
419-26.

1324 J Res Med Sci / October 2011; Vol 16, No 10.

WWW.mui.ac.ir


http://www.mui.ac.ir

Using skew-symmetric mixed models for investigating... Mansourian et al

3. Klein R, Klein BE, Moss SE, Davis MD, DeMets DL. The Wisconsin epidemiologic study of diabetic retinopathy.

Il. Prevalence and risk of diabetic retinopathy when age at diagnosis is less than 30 years. Arch Ophthalmol 1984;
102(4): 520-6.

4. Orchard TJ, Dorman JS, Maser RE, Becker DJ, Drash AL, Ellis D, et al. Prevalence of complications in IDDM by
sex and duration. Pittsburgh Epidemiology of Diabetes Complications Study II. Diabetes 1990; 39(9): 1116-24.

5. Kernell A, Dedorsson |, Johansson B, Wickstrom CP, Ludvigsson J, Tuvemo T, et al. Prevalence of diabetic
retinopathy in children and adolescents with IDDM. A population-based multicentre study. Diabetologia 1997;
40(3): 307-10.

6. Donaghue KC, Fairchild JM, Chan A, Hing SJ, Howard NJ, Silink M. Diabetes complication screening in 937
children and adolescents. J Pediatr Endocrinol Metab 1999; 12(2): 185-92.

7. Rema M, Deepa R, Mohan V. Prevalence of retinopathy at diagnosis among type 2 diabetic patients attending a
diabetic centre in South India. Br J Ophthalmol 2000; 84(9): 1058-60.

8. King H, Aubert RE, Herman WH. Global burden of diabetes, 1995-2025: prevalence, numerical estimates, and
projections. Diabetes Care 1998; 21(9): 1414-31.

9. Harney F. Diabetic retinopathy. Medicine- Abingdon 2006; 34(3): 95-8.

10.Peace KE, Chen DG. Clinical Trial Methodology.ed. Boca Raton: Chapman and Hall/CRC; 2010.

11.Fitzmaurice GM, Davidian M, Verbeke G, Molenberghs G. Longitudinal data analysis. Boca Raton: CRC Press;
2009.

12.Keselman HJ, Lix LM. Analyzing Multivariate Repeated Measures Designs When Covariance Matrices Are
Heterogeneous. British Journal of Mathematical and Statistical Psychology 1997; 50(2): 319-38.

13.Muller KE, Stewart PW. Linear model theory: univariate, multivariate, and mixed models. New York: John Wiley
and Sons; 2006.

14.Davis CS. Statistical methods for the analysis of repeated measurements. New York: Springer; 2002.

15.Azzalini A, Cappello TD, Kotz S. Log-Skew-Normal and Log-Skew-t Distributions as Models for Family Income
Data. Journal of Income Distribution 2002; 11(3-4): 12-20.

16.Soheilian M, Ramezani A, Obudi A, Bijanzadeh B, Salehipour M, Yaseri M, et al. Randomized trial of intravitreal
bevacizumab alone or combined with triamcinolone versus macular photocoagulation in diabetic macular edema.
Ophthalmology 2009; 116(6): 1142-50.

17.Klar B. A treatment of multivariate skewness, kurtosis, and related statistics. Journal of Multivariate Analysis 2002;
83(1): 141-65.

18.Spiegelhalter D, Thomas A, Best N, Lunn D. WinBUGS User Mandatsion 1.4. MRC Biostatistics Unit,
Institute of Public Health and Department of Epidemiology & Public Health, Imperial College School of Medicine,
available at http:// www.mrc.bsu.cam.ac.uk /bugs, 2003

19.Davis S, Wright PW, Schulman SF, Hill LD, Pinkham RD, Johnson LP, et al. Participants in prospective,
randomized clinical trials for resected non-small cell lung cancer have improved survival compared with
nonparticipants in such trials. Cancer 1985; 56(7): 1710-8.

20.DerSimonian R, Charette LJ, McPeek B, Mosteller F. Reporting on methods in clinical trials. N Engl J Med 1982;
306(22): 1332-7.

21.Chun DW, Heier JS, Topping TM, Duker JS, Bankert JM. A pilot study of multiple intravitreal injections of
ranibizumab in patients with center-involving clinically significant diabetic macular edema. Ophthalmology 2006;
113(10): 1706-12.

22.Gillies MC, Sutter FK, Simpson JM, Larsson J, Ali H, Zhu M. Intravitreal triamcinolone for refractory diabetic
macular edema: two-year results of a double-masked, placebo-controlled, randomized clinical trial. Ophthalmology
2006; 113(9): 1533-8.

23.Audren F, Erginay A, Haouchine B, Benosman R, Conrath J, Bergmann JF, et al. Intravitreal triamcinolone
acetonide for diffuse diabetic macular oedema: 6-month results of a prospective controlled trial. Acta Ophthalmol
Scand 2006; 84(5): 624-30.

24 .National Society to Prevent Blindness. Visual problems in the U.S. data analysis definitions. Data Sources, Detailed
Data Tables, Analysis, Interpretation. New York: National Society to Prevent Blindness; 1980. p. 1-46.

J Res Med Sci / October 2011; Vol 16, No 10. 1325

WWW.mui.ac.ir


http://www.mui.ac.ir



