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Featured Application: Age- and sex-adjusted reference intervals (RIs) could be an important tool
to extend the utility of tear cytokine levels as biomarkers of ocular inflammatory diseases. Partic-
ularly, age- and sex-adjusted Rls established in this study for tear levels in healthy subjects have
shown effectiveness for severe DED diagnosis.

Abstract: Alterations in tear cytokine levels have been associated with various ocular disorders as
compared to those in healthy subjects. However, age and sex are not always considered in these
comparisons. In this study we aimed to establish age and sex reference intervals (RIs) for tear
cytokine levels in healthy people. Tear samples were taken from 75 males and 82 females, aged
18-88 years, and tear cytokine levels were determined. Age- and sex-adjusted Rls for epidermal
growth factor (EGF), fractalkine, interleukin (IL)-1 receptor antagonist (RA), IL-7, IL-8, interferon
inducible protein (IP)-10, monocyte chemotactic protein (MCP)-1, and vascular endothelial growth
factor (VEGF) tear cytokine levels in a healthy sample were established using generalized additive
for location, scale and shape (GAMLSS) models. RIs were tested in two external samples: a validation
sample of 40 individuals with normal results at four Dry Eye Disease (DED) clinical diagnostic
tests (OSDI, T-BUT, corneal staining and Schirmer test); and a utility sample of 13 severe DED
cases. IL-1RA, IL-8, IP-10, and MCP-1 levels showed a positive association with age, while EGF was
negatively correlated. IL-7 concentration increased up to 40 years and again after 70 years, observing
a quasi-linear decrease between them. For VEGE, higher levels were observed in the middle-aged
range. Regarding sex-influence, fractalkine tear levels were higher in men, whereas those of IL-7,
IL-8, and IP-10 were higher in women. Using the estimated age- and sex-adjusted Rls, more than
92% of the validation sample was correctly classified, and 100% of the severe DED patients in the
utility sample had concentrations outside the Rls in at least two of the cytokines evaluated.

Keywords: reference intervals; tear cytokines; age- and sex-influence; GAMLSS models; dry eye
disease; biomarkers

1. Introduction

Cytokine profiles have been proposed as biomarkers for numerous infectious and
chronic diseases due to their pro- and anti-inflammatory effects [1]. Numerous studies
have also reported important alterations in tear cytokines associated with various ocular
disorders, such as primary open-angle glaucoma, ocular chronic graft versus host disease,
uveitis, ocular allergies, and dry eye disease (DED), among others [2—4]. In particular, a
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highlight is the usefulness of these molecules as biomarkers for DED [5]. For instance,
based on cytokine profiles, diagnostic, disease, severity, and therapeutic biomarkers have
been established for DED by several authors [6-8]. It is widely accepted that ocular surface
inflammation has a central role in the occurrence and severity of the DED condition [9,10].
Therefore, a useful tool in evaluating the inflammatory profile of DED may be to analyze
the inflammatory mediators in tears, such as tear cytokine profile. In addition, unlike other
biological fluids used for cytokine profiling (such as pleural fluid, serum, or cerebrospinal
fluid) tear collection is considerably less expensive and requires minimally invasive pro-
cedures. In addition, for ocular surface diseases, tear fluid is close to the disease site so it
would be expected that tear cytokine profile would be an effective biomarker of them [11].

However, despite its advantages, the use of tear cytokine profiles in clinical practice is
not yet widely used as a diagnostic tool. The most common way to evaluate the potential
diagnostic value of cytokines has been to establish differences between two or more
groups of patients and/or controls. These studies investigate the ability of cytokines to
distinguish between the evaluated conditions and confirm the diagnosis. However, a
more general approach would be to build reference intervals (RIs) that allow establishing
“normal” versus “abnormal” cytokine levels from a sample of healthy subjects. Rls provide
a quantitative diagnostic rule to classify a value as potentially pathological when this
value could be considered as extreme. The value will be considered extreme if there is
only a small proportion of subjects in the healthy population with larger or smaller values.
Therefore, a critical issue will be collection of a representative sample from a healthy
population. Unfortunately, the number of studies specifically dedicated to investigate tear
cytokine profiles in healthy subjects is limited [12-14].

Commonly, a RI represents the interval between a pair of symmetrically placed
extreme percentiles. Both the 95% Rls (2.5th—97.5th percentile) and the 90% range (5.0th—
95.0th percentile) are in use in the literature. Consequently, the RI will be a global range
and any patient outcome outside this range will be considered “abnormal”. However,
global reference values will be no useful since demographic characteristics, such as age and
sex, have been shown to have an influence on biological variations of some protein and
cytokine levels in normal human tears [11,12,15,16]. In this research we used generalized
additive models for location, scale and shape (GAMLSS) models in a large sample size of
subjects without ocular pathology in order to know if age and sex are determining factors
and to build age- and sex-adjusted RIs for several cytokine concentrations in tear samples.
GAMLSS are very flexible semi-parametric regression models that allow modeling all the
distributional parameters: location, scale and shape (skewness and kurtosis), as linear,
non-linear parametric, or smooth non-parametric functions of explanatory variables [17].
Assumptions on a distribution form for the response variable are made, allowing a variety
of different distribution families. This regression technique provides a platform to fit,
compare and check many different models. GAMLSS methodology has been adopted by
World Health Organization for creating reference growth curves [18], and has proven to
be a useful and flexible technique to estimate adjusted RI (see for example [19,20] among
others). In addition, to evaluate the degree to which these established Rls were able to
diagnose DED two external samples, one of individuals without DED and another of
patients with severe DED, were used.

2. Materials and Methods
2.1. Study Sample

This study was approved by the Institute of Applied Ophthalmobiology (IOBA)
institutional review board and by the Ethics Committee of the University of Valladolid,
and complied with the Tenets of the Declaration of Helsinki.

Healthy adults aged 18-88 years old with no eye diseases fulfilling the inclusion
criteria and that signed the informed consent were included in this study. All subjects
were evaluated by the same ophthalmologist (AP) after a complete systemic clinical history.
Inclusion criteria were: men or women aged >18 years without inflammatory signs in the
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ocular surface at least in the 12 months prior to inclusion. Exclusion criteria were the use
in the 3 previous months of (1) the following systemic medications: immunosuppresants,
anti-inflammatory treatment, antidepressants, neuroleptics, anti-hypertensives, corticos-
teroids, hormones, vitamins, diuretics, antihistamines, beta-blockers, anticholinergics, and
retinoids and (2) the use of any topical therapy and artificial tears or lubricants; (3) any
type of intraocular, scleral, corneal, and /or conjunctival surgery, either with refractive or
therapeutic purposes; (4) any inflammatory pathology with ocular involvement (uveitis,
diabetes, allergy, systemic diseases with ocular involvement, collagenopathies); (5) contact
lens users of any type in the last year.

2.2. Tear Collection and Tear Inflammatory Molecule Analysis

A non-stimulated basal tear fluid sample (4 pL) was collected from the external canthus
of the eye using a 4 pL calibrated glass microcapillary tube (Cat. 1-000-0040, Drummond
Scientific, Broomall, PA, USA) in a non-traumatic manner, avoiding reflex tearing as much
as possible, as previously described [21,22], until the capillary tube was completely full
of liquid. Samples were diluted 1/5 in a 0.5 mL microtube (Sarstedt AG&Co, Niimbrecht,
Germany) containing ice-cold Cytokine Assay Buffer (Merck Millipore, Millipore Iberica,
Madrid, Spain) and frozen at —80 °C until analysis.

Eighteen cytokines in tear samples were quantified using a Luminex IS-100 equipment
(Luminex Corporation, Austin, TX, USA) with Milliplex commercial kits HCYTO60K-17-
plex and MPXHCYP2-62K-IL-23 single plex, (both from Merck-Millipore, Millipore Iberica,
Madrid, Spain). The concentrations of epidermal growth factor (EGF), fractalkine, inter-
feron (IFN)-y, interleukin (IL)-10, IL-12p70, IL-15, IL-17A, IL-1f3, IL-1 receptor antagonist
(IL-1RA), IL-2, IL-6, IL-7, IL-8, interferon gamma-induced protein 10 (IP-10), monocyte
chemotactic protein (MCP)-1, tumor necrosis factor (TNF)-«, vascular endothelial growth
factor (VEGF), and IL-23 were analyzed according to the manufacturer’s instructions.
Briefly, 10 uL of the 1/5 diluted sample were incubated under agitation overnight at 4 °C
with beads coated with antibodies specific for each molecule. After washing, the beads
were incubated with biotinylated human antibodies for 1 h, followed by incubation with
streptavidin-phycoerythrin for 30 min. Standard curves were used to convert fluorescence
units to concentration units (pg/mL). Data were stored and analyzed with the “Bead View
Software” (Upstate-Millipore Corporation, Watford, UK).

Regression on order statistics (ROS) method [23] was used to impute values below the
limit of detection. Molecules that were detected in less than 50% of the samples were not
further analyzed. Levels of all other cytokines were analyzed as base 2 log-transformed
variables.

2.3. Data Analysis

Quantitative variables were expressed as mean = standard deviation (SD). Percentages
and theirs 95% confidence intervals (95% CI) were used to summarize distributions of
qualitative variables. Cytokine levels were described by sex and age groups, considering
four equally sized groups of age. Data statistical analysis (including ROS method to impute
values below the limit of detection; descriptive statistics; fit, compare and check GAMLSS
models; and the use of the RI in external samples) was performed using R Statistical
Software (Foundation for Statistical Computing, Vienna, Austria).

2.3.1. Reference Intervals Determination

We calculated percentile curves for each one of the considered cytokines as a function
of age stratified by sex using generalized additive models for location, scale and shape
(GAMLSS) [17]. GAMLSS are very general and flexible methods for modeling a response
variable, in our case a cytokine level, as a function of explanatory variables: age and sex.
Any parametric distribution, including highly skewed and kurtotic distributions, can be
fitted to the response variable by modeling four parameters: a location parameter, denoted
by w; a scale parameter (0); and two shape parameters: v and T modeling skewness and
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kurtosis, respectively. Each of the parameters can be a parametric or a non-parametric
smooth function of the explanatory variables. In this way, GAMLSS allow to overcome
some of the generalized linear models’ limitations. First, the distributional assumption for
the response variable is relaxed and a general distribution family can be used. In addition,
we can model as a function of explanatory variables, not only the location parameter but
also other parameters of the distribution.

Different distributions were fitted to the observed distribution of each molecule
concentration on log?2 scale. Four distribution families were considered: normal; Box-Cox
Cole and Green to explore the existence of skewness in the data; power exponential to
explore the possibility of kurtosis; and Box-Cox power exponential distribution, to show if
both skewness and kurtosis are present in the data. The age influence on parameters of the
considered distributions was modeled as a constant, as a linear function or as a cubic spline.
The sex was added to the model as qualitative variable. For a particular cytokine, Akaike
Information Criterion (AIC) [24] was used in a stepwise algorithm to choose the best model.
In the framework of each distribution family, the strategy for selecting relevant explanatory
variables for each of the parameters that characterize the distribution is summarized in
Figure 1. Finally, the best model was chosen by selecting the distribution whose final model
was better fitted to the data.

Start model:
constant terms only

Final model

i

1.1. Build a model for p

2.3. Given the model for u ,o ,vand t,

are the terms for u needed?

I |

1.2. Given the model for p,

build a model for ¢

* 2.2. Given the model for u ,o ,v and t,

are the terms for 5 needed?

1.3. Given the model for p and o,

build a model for v A

1. Forward selection

2. Backward elimination

I

1.4. Given the model for n ,o and v, 2.1. Given the model for p .o ,v and t,

build a model for 1 are the terms for v needed?

Figure 1. Stepwise algorithm for selecting relevant explanatory variables given a distribution family. Forward selection

stage starts with the simplest model, the model with all the parameters fitted as constants, and tests the addition of sex and

age, as a constant, a linear function or a cubic spline, using the Akaike Information Criterion (AIC). Backward elimination

stage starts with the best model fitted in the forward stage, and tests the deletion of each explanatory variable using the

AIC. The distributional parameters are: p location; o scale; v skewness; and T kurtosis.
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2.3.2. Model Diagnostics

To check the adequacy of GAMLSS fitted models we used normalized (randomized)
quantile residuals [25]. When the model is correct, residuals will have a standard normal
distribution, with mean 0, variance 1, and skewness and kurtosis 0 and 3, respectively.
Each fitted model was checked by using summary statistics of the quantile residuals and
four graphical tools: residuals against the fitted values of the p parameter; residuals against
each one of the included explanatory variables; a kernel density estimate of the residuals;
and the QQ-normal plot of the residuals. In addition, worm plots [26] were used as a
diagnostic tool to assess if adjustments for some of fitted model parameters were required
(see Residual Analysis in Appendix A for complete information).

2.3.3. Reference Intervals Utility

In order to know the utility of the age- and sex-related Rls estimated with GAMLSS
model, we used them to classify subjects from two external independent samples, here-
inafter referred to as validation and utility samples, obtained from our own database.
Individuals with tear cytokine concentration data along with ocular surface clinical param-
eters related to the DED diagnosis were selected.

The validation sample consisted of 40 healthy individuals with a mean age of 31.74
£ 15.85 years. There were 19 (47.5%) males and 21 (52.5%) females. Their respective
age was 39.31 + 17.92 years for males and 24.90 + 9.88 years for females. This healthy
sample had normal results at four DED diagnostic tests: the ocular surface index (OSDI)
score < 12 points, fluorescein tear break-up time (T-BUT) > 7 s, corneal fluorescein staining
(Oxford scale) = 0, and Schirmer test without topical anesthesia > 5 mm in 5 min [27]. The
subjects of this sample should be classified as “normal” subjects by the Rls.

By contrast, the utility sample was used to evaluate the capability of these RIs for the
diagnosis of DED. Consequently, tear molecule data from 13 cases of severe DED were
selected. There were 4 (30.8%) males and 9 (69.2%) females. Their age was 58 % 7.39 years
for males and 58.33 & 9.72 years for females. The clinical selection criteria for these subjects
were having an OSDI score > 33 points, T-BUT < 3 s, corneal fluorescein staining > 3, and
Schirmer test < 3 mm in 5 min [27]. Tear sample collection and tear cytokine concentration
analysis in those subjects had been performed following the same methodology as in
this study.

It should be noted that information about the concentration of some cytokines was
missing in some individuals’ tear samples. Specifically, levels of IL-7 were missing in all
the subjects.

The percentage of cytokine tear concentration values falling within the lower and
upper RIs of each sample was determined.

3. Results

A total of 157 subjects were included in the study. The mean age of the sample was
46.36 £ 17.7 years (range, 18-88), and approximately half were women (n = 82; 52.2%;
CI95%: 44.1%, 60.2%). There were no significant sex differences in age (men: 48.65 & 19.19;
women: 44.26 + 16.04; Student’s ¢ test p-value = 0.1202).

Individual tear samples were analyzed. The minimum detectable concentrations (in
pg/mL) and detection rates for the molecules analyzed are shown in Table 1.

Eight (EGF, Fractalkine, IL-1RA, IL-7, IL-8, IP-10, MCP-1, and VEGF) out of the
18 molecules analyzed were detected in at least the 82% of the participants. Table 2
summarizes the distribution of the levels of these eight cytokines by age and sex.

The rest of the molecules analyzed (IL-1f3, IL-2, IL-6, IL-10, IL-12p70, IL-15, IL-17A,
IL-23, TNF-«, and IFN-y) were not further considered for subsequent statistical analysis
because their detection rates were below 50% (Table 1).
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Table 1. Minimum detectable concentration and detection rate of the 18 cytokines analyzed in 157 tear

samples.
Minimum Detectable Concentration Detection Rate
(pg/mL) % 95% CI for %
EGF 3.2 100 97.02; 100
Fractalkine 3.83 879 81.51;92.37
IFN-y 0.1 1.3 0.22;5
IL-10 0.3 36.3 28.9;44.4
IL-12p70 0.4 5.1 2.39;10.13
1L-15 04 29.9 23.03; 37.84
IL-17A 0.2 0 0;2.98
IL-1pB 0.4 19.1 13.45; 26.31
IL-1RA 3.2 100 97.02; 100
IL-2 0.3 0.6 0.03; 4.03
IL-6 0.3 21 15.1; 28.39
IL-7 1.08 87.3 80.78; 91.86
IL-8 0.2 96.8 92.34; 98.82
IP-10 3.2 100 97.02; 100
MCP-1 3.2 100 97.02; 100
TNF-« 0.1 19 0.49; 5.92
VEGF 3.73 82.2 75.08; 87.63
IL-23 (*) 1.01 10.2 6.02; 16.55

CI = Confidence interval; EGF = Epidermal Growth Factor; IFN = Interferon; IL = Interleukin; RA = Recep-
tor Antagonist; IP = Induced Protein; MCP = Monocyte Chemotactic Protein; TNF = Tumor Necrosis Factor;
VEGEF = Vascular Endothelial Growth Factor. (*) Out of 157 subjects, 10 did not have data on IL-23.

Table 3 shows the best GAMLSS models of each cytokine. Model selection involved
the selection of the distribution for the corresponding cytokine and the selection of relevant
explicative factors by the comparison of fitted models according to the smallest AIC.
Four different distribution families were considered: Normal, Box-Cox Cole and Green,
Power Exponential, and Box-Cox power exponential. For IL-8, IP-10, and VEGEF, Power
Exponential was chosen as the most appropriate distribution. Normal distribution was
selected for Fractalkine, IL-7, and MCP-1. Finally, Box-Cox power exponential was the less
selected distribution, chosen in two of the eight cytokines considered (EGF and IL-1RA).

The potential explanatory variables were age and sex. The age influence on the
location parameter was common to EGF, IL-1RA, IL-7, IL-8, IP-10, MCP-1, and VEGF,
but not for Fractalkine, whose mean parameter depends exclusively on sex. In addition,
age was added to model variability of IP-10 and skewness of VEGF. Sex had a relevant
influence on location parameter of Fractalkine, IL-7, IL-8, and IP-10 and on variability of
IP-10 (Table 3). A residual analysis of each of the final fitted models was carried out. In this
diagnostic stage, none of the cytokines showed inadequacies in the final fitted model (see
Residual Analysis in Appendix A).

The age- and sex-related 90% reference (5%, 95%) and median (50%) curves calculated
using the best-fitted GAMLSS model for each cytokine are shown in Figure 2; complete
numerical values can be found in Appendix B. The levels of IL-1RA, IL-8, IP-10, and
MCP-1 showed an age-related increase; in the case of IP-10 and MCP-1 this increase was
approximately linear but for IL-1RA and IL-8, the increase was only relevant in older
subjects (70 years old or more). In contrast, EGF tear concentration decreased linearly
with age.

Age patterns were also observed for IL-7 and VEGEF tear levels. IL-7 concentration
increased up to approximately 40 years, then a mild decrease was observed up to 70 years
and then increased again. For VEGF, higher levels were observed in the middle age range
(30 to 60 years approximately).
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Table 2. Description of tear cytokine levels by sex and age groups.

Age Range EGF Fractalkine IL-1IRA IL-7 IL-8 IP-10 MCP-1 VEGF
(n) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL)

18-31 years 866.9 352.8 1752.18 56.05 137.69 58,537.07 638.57 229.37
(n=41) (£1213.17) (£446.45) (£3198.11) (£47.35) (+144.44)  (£80,553.72) (£1598.69) (£223.48)

F (n = 24) 1008.46 369.69 1501.18 73.12 163.47 77,620.82 720.5 268.91
- (£1488.28) (4:459.08) (£2377.86) (£53.41) (£173.43)  (£99,722.87) (42023.03) (£239.51)

M (n =17) 667.06 328.97 2106.52 31.96 101.3 31,595.29 52291 173.54
- (£650.34) (4440.81) (44148.96) (£21.23) (£80.72) (£24,684.21)  (£694.31) (£191.68)

3244 years 798.12 246.3 1022.4 55.85 152.69 46,427.69 822.39 332.26
(n = 40) (+856.73) (£213.42) (£2056.48) (£38.18) (£289.03)  (£72,142.26)  (£985.87) (£291.54)

F (n = 21) 1011.63 235.77 1301.05 65.26 200.19 65,836.55 929.3 339.12
- (£1099.11) (£225.48) (£2268.67) (£32.36) (£391.17)  (£95,687.15)  (£833.59) (£314.94)

M (n = 19) 562.13 257.95 714.42 45.45 100.18 24,975.79 704.22 324.68
- (+368.87) (£204.75) (£1803.78) (+42.16) (£73.78) (£13,335.03) (£1142.67) (£271.72)

45-62 years 419.26 261.82 2184.8 4241 180.43 31,448.49 1842.39 237.24
(n=37) (£429.22) (£300.77) (£7354.85) (£23.44) (£363.04)  (£21,726.21) (£3308.21) (£142.3)

F (n = 20) 247.93 175.63 894.66 45.77 136.21 36,615 1373.43 202.3
- (£210.12) (£274.52) (£1392.53) (£25.7) (£125.51)  (£21,039.07) (42411.03) (£111.15)

M (n =17) 620.84 363.22 3702.61 38.47 232.47 25,370.24 2394.11 278.35
- (£531.24) (£306.32)  (£10,718.21)  (420.52) (£522.03)  (£21,536.14) (4-4138.03) (£166.04)

63-88 years 478.46 272.72 1341.34 34.68 215.38 38,545.33 1170.57 207.61
(n=39) (£579.94) (£355.27) (£3136.48) (£21.45) (£318.38)  (£48,499.9)  (£1112.74) (£180.62)

F (n=17) 310.61 24891 1663.98 27.3 194.13 34,047.76 1239.38 153.99
- (£379.82) (£443.5) (£4396.99) (£19.87) (£384.55)  (+48,595.44) (+1158.81) (£125.24)

M (n = 22) 608.16 291.11 1092.03 40.38 231.8 42,020.72 11174 249.04
n= (£676.95) (£278.79) (£1709.24) (£21.3) (£264.78)  (£49,276.32) (41100.28) (£207.26)

Total (n = 157) 647.39 284.33 1566.15 47.48 170.88 44,101.84 1101.26 252.03
otatin= (£850.46) (£340.4) (£4329.85) (£35.53) (£286.76)  (£61,226.66) (+1983.23) (£221.37)

F (n = 82) 679.1 263.02 1335.75 54.94 172.58 55,568.04 1040.8 246.82
- (£1049.42) (£366.63) (+2688.73) (£40.1) (£282.62)  (£77,538.17) (+1741.18) (£226.78)

M (n = 75) 612.73 307.64 1818.05 39.32 169.03 31,565.46 1167.36 257.73
- (£563) (£309.98) (£5611.22) (£27.79) (£293.12)  (£31,887.55) (42228.15) (£216.69)

Pg/mL = picograms per milliliter. F = Female; M = Male; EGF = Epidermal Growth Factor; IL = Interleukin; RA = Receptor Antagonist;
IP = Induced Protein; MCP = Monocyte Chemotactic Protein; VEGF = Vascular Endothelial Growth Factor. Mean (£Standard Deviation
(SD)) is shown considering four equally size groups of age.

Regarding sex influence, Fractalkine levels were generally higher in men, whereas
IL-7, IL-8, and IP-10 tear concentrations were higher in women (Figure 2).

In order to validate the estimated RIs, we used them to evaluate the tear cytokine
concentrations from an external independent sample from our laboratory database of
40 healthy individuals (validation sample). In addition, tear cytokine concentration values
from 13 cases of severe DED (utility sample; also from our own database) were also used
to show the utility of the estimated Rls for diagnosis of DED. RIs were evaluated for
all cytokines except for IL-7 whose levels were missing in all subjects of both samples.
Table 4 summarizes the proportion of values that fell within the appropriate age- and
sex-specific Rls for all other cytokines in each sample. The complete demographic infor-
mation and classification for each subject in the validation and utility samples is shown
in Tables A11 and A12 (respectively) in Appendix C. More than 92% of validation sample
values fell within the appropriate age- and sex-specific RIs for each cytokine. Concerning
the utility sample, IL-1RA and IL-8 levels were above the upper Rls in 92.3% of those
patients diagnosed with severe DED compared to 7.7% and 5% of those clinically classified
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as not having DED. Fractalkine and VEGEF tear levels were also increased in the DED
sample; in these cases, the percentages of values over the upper Rls were 72.7% and 75%
versus 5.6% and 6.3% of the validation sample, respectively. On the other hand, EGF and
IP-10 showed lower concentrations in the utility sample, finding that 23.1% and 38.5%
of the DED patients had levels below the corresponding lower RI. These percentages are
significantly higher than those found in the validation sample (0% and 2.9%, respectively).
Interestingly, all the patients of severe DED sample had tear cytokine concentrations that
fell outside the Rls in at least two of the cytokines evaluated (see Table A12 in Appendix C).

Table 3. Comparisons of fitted GAMLSS models.

Box-Cox Power

Normal Box-Cox Cole and Green Power Exponential Exponential
Model Model Model Model
Specification AlC Specification AlIC Specification AlC Specification AlIC
u ~ age
_ 1~ age p~ age °
EGF B e 628.43 o~1 629.3 o~1 629.9 o % 627.38
v ~ age v~1 r~1
~ sex n~1 H~ Sex E:%
Fractalkine ”0 -1 576.18 o~1 579.37 o~1 577.73 v~1 580.88
v~1 v~1 T~1
u ~ cs(age)
_ 1 ~ cs(age) u ~ cs(age) "
ILIRA M7 os(age) 690 c~1 687.66 o~1 687.71 o-1 687.59
v~1 v ~ cs(age) -1
u ~ cs(age) + I ~ age + sex H= Csse(:)a(ge) * i %gf 1’ sex
IL-7 sex 442.84 o~1 445.65 44498 442.20
o~1 v~1 0 ~ age v~1
v~1 T ~ age + sex
y N 1~ cs(age) +
u ~ cs(age) + H Cssé;i(ge) + H cssg(ge) + sex
IL-8 sex 541.76 o~1 538.11 o~1 531.89 o~1 533.83
o ~ cs(age) 5 - v~1
v ~ cs(age) v~1 -1
L ~ sex
L~ sex u ~ age + sex
_ p ~ age + sex - N o~1
IP-10 G ~ age + sex 567.61 y NGC s(; 0 562.86 o e\l{g:: 1— sex 554.07 v~1 556.26
& T~1
1~ age
N 1~ age 1~ age o~1
MCP-1 H-age 672.06 o~1 674.46 o~1 672.32 v ~ cs(age) 673.6
v ~ cs(age) v ~ cs(age) T ~ cs(age) +
sex
1 ~ cs(age)
_ 1 ~ cs(age) u ~ cs(age) 9
VEGF mos(age)  spa07 c~1 527.26 o~1 517.01 o-1 521.21
v~1 Vv ~ age -1

Four different distribution families: Normal, Box-Cox Cole and Green, Power Exponential and Box-Cox power exponential were tested.
Potential explicative variables are sex and age. The age influence on each distributional parameter (location: p; scale: o; skewness: v;
kurtosis: T) can be modelled as a constant (~1), as a linear function (~age) or as a cubic spline (~cs(age)). Sex can be added as qualitative
variable (~sex). The best model for a particular molecule, in bold, is the one that minimizes the Akaike Information Criterion (AIC).
EGF = Epidermal Growth Factor; IL = Interleukin; RA = Receptor Antagonist; IP = Induced Protein; MCP = Monocyte Chemotactic Protein;

VEGEF = Vascular Endothelial Growth Factor.
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Figure 2. Age- and sex-adjusted 90% reference interval (RI) for eight tear cytokine levels estimated with GAMLSS. Three

estimated centile curves (5th, 50th, and 95th percentiles) of each tear cytokine level is represented. Observed cytokine levels

are plotted over the range of ages. Circles and triangles represent female and male values respectively. Sex- dependent

cytokines levels (Fractalkine, IL-7, IL-8, and IP-10) are shown as separate graph for females and males. Pg/mL = picograms

per milliliter.

Table 4. Validation and utility of reference intervals (RIs).

Validation Sample Utility Sample
Low Normal High Low Normal High
Valid Valid
n % (C195%) % (C195%) % (CI95%) n % (C195%) % (C195%) % (CI95%)
EGF 0 0% 100% 0% 5 2.1% 76.9% 0%
(0%; 10.9%)  (89.1%;100%)  (0%; 10.9%) (6.2%;54%)  (46%;93.8%)  (0%; 28.3%)
72.7%
. 0% 94.4% 5.6% 0% 27.3% Yo
Fractalkine 36 (0%; 12%) (80%: 99%) (1%; 20%) 1 (0%;321%)  (7.3%; 60.7%) (932973/)
92.3%
0% 92.3% 7.7% 0% 7.7% %
IL-IRA 39 (0%; 11.2%) (78%: 98%) (2%; 22%) 13 (0%; 28.3%)  (0.4%; 37.9%) (9692610/2")'
95% 92.3%
0% 5% 0% 7.7%
L8 40 , % (81.8%; or 13 , e St (62.1%;
(0%; 10.9%) oo (0.9%; 18.2%) (0%;283%)  (0.4%; 37.9%) oo
97.1% 38.5% 61.5%
2.9% 0% 0%
IP-10 35 29% (834%; o, 0% 13 (15.1%; (32.:3%; o, 0
(0.2%; 16.6%) oo (0%; 12.3%) o Sy (0%; 28.3%)
0% 100% 0% . 0 .
MCP-1* 8 (0%; 402%)  (59.8%; 100%)  (0%; 40.2%) 1 100% 0% 0%
93.8% 75%
0% 6.3% 0% 5%
VEGF 32 o, % (77.8%; 0:3% 12 L 5% (42.8%;
(0%; 13.3%) oo (1.1%; 22.2%) (0%;30.1%)  (6.7%; 57.2%) o

Two external samples are evaluated: (1) validation sample, consisting in the cytokine levels of 40 healthy subjects, and (2) utility sample
that involved 13 severe cases of dry eye disease (DED). The percentage of values falling both within and outside the lower and upper
reference limits is showed. CI = Confidence interval. * For MCP-1, there was only a valid subject in utility sample and he was classified as
Low. IL-7 RI was not validated as its concentration information was missing in all subjects of both samples.
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4. Discussion

In this work, we have established the sex- and age-adjusted RIs of eight (EGF,
Fractalkine, IL-1RA, IL-7, IL-8, IP-10, MCP-1 and VEGF) tear cytokine levels. Rls are
used to describe the normal range of a parameter, and their important role in clinical
medicine is beyond discussion as an initial indication for further investigation or treatment.
They provide a basis for comparison of measured values of patients to a reference, and
they could be very useful to diagnose the condition of a subject in epidemiological and
clinical studies.

The most commonly used definition of a RI is the interval of values containing the
central 90% or 95% of a healthy population [28]. It is possible to estimate population
percentiles from an adequate sample by computing observed percentiles. As a result, single
cut-off values will be obtained. However, this result may not be very useful in the case of
cytokine levels, since the distribution of cytokine concentrations, as inflammatory marker
measurements, could be heavily dependent on individual characteristics, such as age and
sex among others [29]. In addition, immunological data very frequently have asymmetrical
distributions [30] and statistical techniques that take into account this issue should be
chosen. For these reasons, in this study, GAMLSS models [17] were applied to derive age-
and sex-dependent centile curves. The main advantage of these type of models is that
the shape of the distribution, rather than just the mean or the variance, for the response
variable can vary according to more than one explanatory variable. In our case, for example,
the skewness parameter for VEGF concentration varied according to the subject age and it
would be wrongly modeled by other more classical statistical methodology.

Our results showed that tear levels of all studied cytokines, except Fractalkine, pre-
sented an age-dependent behavior in any of the distributional parameters. Age-associated
changes in human tear film composition and proteome have already been shown in other
studies [12,15,16] in agreement with that reported as well in other fluids, such as plasma or
cerebrospinal fluid [31]. Indeed, the relationship between the aging process and immune
response is not new. Even, the expression “inflamm-aging” has been coined to describe the
progressive increase in pro-inflammatory status as age increases [32,33]. There is a lot of
literature about age, the role of inflammation markers and its link with the development of
disease (reviewed in [31]). The pro- and anti-inflammatory cytokine balance changes with
increasing age, and low-grade inflammation is more common among elderly population,
leading to a chronic low-grade inflammatory phenotype [34]. Accordingly, age-dependent
behavior of several cytokines levels has widely been reported in different biological fluids,
such as plasma, cerebrospinal fluid, and also in tears, although tear studies are still scarce.
Nevertheless, cytokine levels in these different biological sources have shown to have
similar evolution patterns and common to our results in tears. For instance, in our study
MCP-1 and IP-10 tear levels showed a sustained age-dependent increase, similar to what
has already been observed in serum levels [35]. In addition, IP-10 increased linearly with
age in cerebrospinal fluid [36], and plasma MCP-1 levels were significantly higher in an
elderly group (70 to 92 years) compared to adults (21 to 50 years) [37]. This latest study
also showed that plasma levels of EGF were significantly lower in the elderly group, which
is compatible with our results in tears. In our study, IL-1RA and IL-8 tear levels showed as
well a very important increase but only in old ages (68 to 90 years). This same pattern has
already been reported in tear [12] and in serum levels [38] of IL-8, and in plasma levels of
IL-1RA [39]. Even, these two cytokines have been proposed as markers linked to longevity
in very old people [38,40]. An increase of IL-8 levels with age has recently been described
in cerebrospinal fluid as well, but, in this case, the evolution is practically linear [36].

The role of IL-7 in immunosenescence, the aging of the immune system, has been
known for long [41]. In this work, we have found a cyclic evolution of IL-7 tear levels
with higher levels around 30 years old and increasing again after 70 years old. This
result disagrees with the findings by Micera et al. [12] which found an increase of IL-7
in middle age people (41-60 years old) with respect to young (18-40) and old (<60 years
old). However, the observed behavior for IL-7 tear levels in our study could be consistent
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with the findings of Nasi et al. [42], that evaluated plasma IL-7 levels in three age groups:
young (aged 20—45), middle-aged (aged 58-62), and centenarians (range 98-100 years).
Despite the fact that they found no significant differences between the age groups, the
evolution pattern of IL-7 levels was similar to ours. There is more confusion regarding
VEGEF evolution. In serum, for example, both an increase [43] and a decrease [44] of VEGF
levels with aging have been found. In plasma samples of patients from 43 to 80 years old
with stable coronary artery disease a significant negative correlation was observed [45]; in
contrast, recently, Chakraborty et al. [46] detected a positive correlation in cerebrospinal
fluid from subjects aged from 40 years. Other authors such as Riibenhagen et al. [47] found
no association between the concentration of VEGF in synovial fluid and age. In our case,
the relation between VEGEF tear level and age can be described as an inverted-U shape
curve, with maximum levels between 30-60 years old.

Our results regarding the age-dependence in tear cytokine levels are also in agreement
with the findings by Nittinen et al. [16] for tear proteome in which the majority of the
identified proteins in their study had the most notable increase/decrease in subjects aged
60 or more.

Having age-dependent RI of tear cytokine levels can be very useful for the diagnosis
of ocular disorders. Several very common eye problems are related to the phenomenon
of inflammaging. For example, an association between age and DED has been assumed
for a long time, and recently, Di Zazzo et al. [48] have directly related inflammaging to
a progressive impairment of ocular surface system function. An ocular disease in which
age is an important risk factor is age-related macular degeneration, affecting people aged
65 years and older. Several inflammatory gene polymorphisms have been linked to this
disorder indicating an important role of inflammation and immune-mediated processes,
and, therefore, directly related to inflammaging term [49]. Finally, low-grade inflammation
has been described as a causal factor in the pathogenesis of glaucoma [50]. Although
glaucoma can affect people of all ages, is most common in adults in their 70s and 80s, so it
is accepted that glaucoma risk increases with age [51].

Sex also has an influence on tear levels of some of the analyzed cytokines. Particularly,
Fractalkine tear levels were higher in males compared to females and IL-7, IL-8, and IP-10
higher in females compared to males; whereas, EGF, IL-1RA, MCP-1, and VEGEF levels
were not affected by sex. Some other studies have also shown sex-dependence in cytokine
levels in other fluids. For instance, Nasi et al. (2006) [42], found a sex-dependence for
IL-7 serum levels, with higher levels in centenarian females than in males, in agreement
with our results in tears. Moreover, the study by Nattinen et al. (2019) [16] revealed
that protein-age correlations in tear film were, in most cases, more significant in males,
although mammaglobin-A (SCGB2A2) protein had a higher correlation coefficient for
females. Changes in sex hormones have been suggested as connected with these dif-
ferences. In addition, very recently, stronger relationships between age and IL-6 and
high-sensitivity C-reactive protein plasma levels have been found in females compared
to males [52]. Although the cytokines analyzed in that work are not the same that those
in this study, our results reflected the same behavior in relation to IL-7, IL-8, and IP-10
pro-inflammatory cytokines.

The association between tear concentration of cytokines and DED has been widely
reported (reviewed in [3,4,53,54]). However, it is often difficult to use cytokines as di-
agnostic tools due to the lack of diagnostic cut-offs. In this study, we have shown the
utility of our Rls to diagnose DED. All of the severe DED patients in our sample showed
abnormal tear levels of at least two of the evaluated cytokines when compared to the
established Rls. Fractalkine, IL-1RA, IL-8, and VEGEF showed high levels in more than
70% of the DED patients. Moreover, EGF and IP-10 were found to be infra-expressed in
23.1% and 38.5% of patients respectively of our DED sample. Altered tear levels of all
these molecules have already been reported in different clinical subgroups of patients with
DED. So, for example, tear concentrations of Fractalkine, IL-1RA, IL-8, and VEGF have
frequently been found significantly increased in DED patients as compared to normal
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controls [8,18,55-59], whereas tear EGF level has been found significantly decreased in
the more severe forms of DED [55,60,61]. IP-10 tear levels were also found decreased
compared to normal in 38.5% of the DED patients’ sample, in agreement with results in
tears from other studies involving severe cases of DED associated to ocular graft versus
host disease [62], Stevens-Johnson syndrome [63], and, as preliminary findings suggest, in
primary Sjogren’s syndrome subjects [64,65]. However, several authors have also found
tear IP-10 concentration to be overexpressed in tears of patients with moderate evaporative
DED [21] and with Sjogren’s syndrome [66]. It has been suggested that the anti-angiogenic
properties of tear IP-10 may contribute to normal ocular surface immune privilege [65]
and the low levels in Stevens-Johnson syndrome have been suggested to lead to a severe
smoldering inflammation and progressive subconjunctival fibrosis in these patients [63].
Further studies with a bigger DED sample are warranted to evaluate the role of IP-10
in DED.

A critical issue of establishing RIs is to recruit a valid group of reference individuals.
Two fundamental aspects are important in this regard: the definition of “reference individ-
ual” and the sample size. In this case, a reference individual should be a subject without
eye pathologies. However, the characterization of this type of subject is not always easy, so
collecting medium/large samples from the reference population can be quite expensive.
Certainly, although above 150 individuals, our sample could be considered not sufficiently
large to properly represent the reference population. Nevertheless, it is very important
to highlight that a single ophthalmologist evaluated all subjects included in our sample,
so the eye health criterion was homogeneous. Moreover, sample-handling factors such as
tear collection, storage, or processing protocol may be a strong influence on the value of
cytokine level and they could help to invalidate the sample as a reference sample. In this
study, the tear samples were collected and processed by a single person, so this source of
variability was also controlled. It also should be considered that in this study environmen-
tal conditions during subjects’ clinical evaluation and sample collection were not controlled;
it is well known the fact that ocular surface parameters and tear mediator concentration are
altered under adverse environmental conditions, particularly low humidity and/or high
temperatures. Nevertheless, all subjects were evaluated and samples were obtained in the
same air-conditioned rooms (in a normal range of temperature and humidity), assuring
that all of them were evaluated under the same conditions. In general, aware that it will
not always be possible to collect samples under controlled environmental conditions, our
recommendation is to at least do it in the same office, under similar ambient conditions.

Additionally, it is noted that our validation, based on an external sample of subjects
without ocular pathology, was appropriate for all of studied cytokines. As per clinical
and laboratory standards institute C28-A3 guidelines [28] validation can be considered
successful, since more than 20 samples were evaluated and more than 90% of values fell
within the RIs. In some way, this result reinforces the validity of our reference sample.
Finally, although this study is related to the use of specific cytokine/chemokine X-MAP-
Luminex kits for molecule determination, the results obtained about the dependence on
sex and age in tear cytokine levels would remain the same regardless of the use of kits from
other vendors or another molecule determination assay.

5. Conclusions

We have estimated adjusted Rls of eight tear cytokine levels by GAMLSS regression
models. We were able to determine the effect of age and sex in the concentration of each of
these tear molecules in subjects without ocular disorders and adjusted their cut-off values
taking into account these dependencies. Finally, we have showed the effectiveness of our
Rls as diagnostic tools for severe DED. These age- and sex-intervals for tear cytokine levels
could therefore be used as reference values in other tear cytokine studies in patients, and
can be an important tool to extend the use of tear cytokines as biomarkers of ocular diseases.
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Appendix A. Residual Analysis

This appendix shows the diagnostic tools based on normalized quantile residuals [25]
used for checking the adequacy of each one of the fitted generalized additive models
for location, scale and shape (GAMLSS) models. For a particular model, the following
diagnostic tools are used:

e Depending on the number of explanatory variables, four or five residuals plots for
checking the normalized quantile residuals of the fitted model:

- Histogram of the residuals adding their kernel smooth density estimate (dotted
line) and standard normal density (solid line);

- QQ-normal plot of the residuals;

- Residuals against the fitted values of the u parameter;

- Residuals against each one of the included explanatory variables.

If the residuals behave well, the density estimate of the residuals will be approximately
normal, the normal Q-Q plot will be approximately linear (with intercept 0 and gradient 1)
and the bottom two or three plots will show a random scatter around the horizontal line at
0, and similar distribution of residuals for both sexes. In these plots line on Y = 0 (solid
line) and fitted smooth curve (dotted line) are also represented.

e  Summary statistics of the normalized quantile residuals are also calculated to check
deviation from normally assumption. Specifically, mean, variance, skewness, and
kurtosis coefficients are estimated and theirs reference values are 0, 1, 0, and 3, respec-
tively.

e  Worm plots [26] of the normalized quantile residuals to identify adjustments for some
of fitted model parameters. Below are detailed the main features:

- Points on the plot show the gap between the ordered residuals and their approxi-
mate expected values from a standard normal distribution, represented by the
horizontal dotted line.

- Two elliptic curves represent the approximate point-wise 95% confidence bands.
When the model is correct, approximately 95% of the points to lie between the
confidence bands. A higher percentage of the points outside the elliptic curves
indicates that the fitted terms are inadequate.

- The shape of cubic fitted curve to the points (solid curve) shows inadequacies in
the model described in Table A1.

Multiple worm plots are also built in order to identify failures of the model within
different ranges of the explanatory variables. Age is cut into four non-overlapping intervals
with similar number of observations and sex splits the data into female and male groups.
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Table Al. Deficiencies in the residuals and in the fitted distribution according to the shapes for the worm plot of the
normalized quantile residuals.

Shape of the Fitted Curve Deficiencies in Deficiencies in the
in the Worm Plot the Residuals Fitted Distribution
Level above the origin Mean too high Fitted location parameter (p) is too low

Mean too low

Variance too high

Variance too low

Positive skewness
Negative skewness

Leptokurtosis (more peaked than that of
a normal distribution)
Platykurtosis (flatter than that of a

normal distribution)

Fitted location parameter (u) is too high
Fitted scale parameter (o) is too low
Fitted scale parameter (o) is too high

Fitted skewness parameter (v) is too low

Fitted skewness parameter (v) is too high

Level below the origin
Line with positive slope
Line with negative slope

Curve with U shape
Curve with inverted U shape

Curve with S shape with left bent down Fitted kurtosis parameter (7) is too low

Curve with S shape with left bent up Fitted kurtosis parameter () is too high

Table A2. Summary statistics of the quantile residuals for each fitted model. In all cases, the statistics support that the
residuals are approximately normally distributed: the mean is nearly zero, the variance nearly one, the coefficient of
skewness is near zero and the coefficient of kurtosis is near three.

Mean Variance Skewness Coef. Kurtosis Coef.
(95% CI) (95% CI) (95% CI) (95% CI)

ECE 0 1 —0.01 2.85

(—0.156, 0.16) (0.814, 1.27) (—0.324, 0.286) (2.398, 3.315)
Fractalki 0 1.01 0.05 2.74

ractalkine (—0.158, 0.158) (0.816, 1.273) (—0.269, 0.33) (2.392, 3.15)
0 1.01 0 2.92

IL-1RA (—0.158, 0.159) (0.816, 1.274) (—0.3, 0.325) (2.416, 3.492)
- 0 1.01 —0.2 2.75

i (—0.158, 0.158) (0.816, 1.273) (—0.543, 0.117) (2.284, 3.207)
L8 0.04 1 0.16 2.89

- (—0.113, 0.203) (0.814, 1.271) (—0.219, 0.453) (2.409, 3.399)
P10 0.05 1 —0.15 297

- (—0.108, 0.208) (0.813, 1.269) (—0.442, 0.215) (2.448, 3.496)
MCP-1 0 1.01 0.08 2.68

) (—0.158, 0.158) (0.816, 1.273) (—0.215, 0.375) (2.269, 3.16)
VEGF 0.04 1.05 —0.07 2.83

(—0.121, 0.203) (0.855, 1.334) (—0.369, 0.229) (2.42, 3.288)

CI = Confidence interval; EGF = Epidermal Growth Factor; IL = Interleukin; RA = Receptor Antagonist; IP = Induced Protein;

MCP = Monocyte Chemotactic Protein; VEGF = Vascular Endothelial Growth Factor.
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Figure A1. Residual plots from the fitted model to EGF levels. The normalized quantile residuals behave well. The histogram and normal QQ-plot (two top plots) do not show deviates
from normality assumption. Residuals against fitted values and against age plots (two bottom plots) show a random scatter around the horizontal line at 0.
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Worm plots from the fitted model to EGF data
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Figure A2. Worm plots from the fitted model to EGF levels. General worm plot is on the top of the figure. Age is included
in the model, and four individual worm plots, corresponding to the four age intervals, are shown along rows from top left
to bottom right. The five worm plots suggest an adequate model because the points in each of the plots lie within the two
elliptic confidence bands.
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Figure A3. Residual plots from the fitted model to Fractalkine levels. The normalized quantile residuals behave well. The histogram and normal QQ-plot (two top plots) do not show
deviates from normality assumption. Residuals against fitted values (left bottom plot) shows a random scatter around the horizontal line at 0. Boxplot that compares the residuals for the

two sex levels (right bottom plot) shows similar distributions in both male and female.
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Worm plots from the fitted model to Fractalkine data
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Figure A4. Worm plots from the fitted model to Fractalkine levels. General worm plot is on the top of the figure. Sex is
included in the model, and two individual worm plots, corresponding to the female and male groups, are shown on the
bottom on the figure. The three worm plots suggest an adequate model because the points in each of the plots lie within the
two elliptic confidence bands.



Appl. Sci. 2021, 11, 8958

19 of 49

Probability

Quantile Residuals

0.4

0.3

0.2

0.1

0.0

Residual plots of the model fitted to IL-1RA data

Density Estimate

N

Normal Q-Q Plot

Fitted Values

-
| // | .
[i) J—
i =
o
o
d
A ]\ o °7
At [=%
E
o
W = |
o
r T T T 1
-4 -2 0 2 4
Quantile Residuals Theoretical Quantiles
Residuals against fitted values Residuals against age
-
- [ ]
— L] [V | L
2fa ® L}
° . 'l; S . ° sE. ® o - °
L] 1] L [ ]
, . s ® T s ® - ° 5
5 . L] . 3 o o0 " & '
e @ .- % .-!:‘..q: : : ¢ E . ..: . * .-.'. e ‘.. % e ¥ -.
ST R e e e SN e
_ e =2 — (] e ———— W Calmin ] o il
P o:' a0 8 .2‘.‘1;,& . E . s | ..' a® i < LI bd " ., - *
L $o o 83 o g g o %af * o® L] s® B
1 g e AT R & g ° A S e 8 e e
g o a e - »” -
- . . o ° L -
B . S L]
- 2 (1]
L [ ]
T T T T T T T T T T T T T T
75 80 a5 an a5 100 20 30 40 N &0 70 80 a0

Figure A5. Residual plots from the fitted model to IL-1RA levels. The normalized quantile residuals behave well. The histogram and normal QQ-plot (two top plots) do not show deviates
from normality assumption. Residuals against fitted values (left bottom plot) and against age (center bottom plot) show a random scatter around the horizontal line at 0.
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Worm plots from the fitted model to IL-1RA data
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Figure A6. Worm plots from the fitted model to IL-1RA levels. General worm plot is on the top of the figure. Age is included
in the model, and four individual worm plots, corresponding to the four age intervals, are shown on the bottom on the
figure, respectively. The five worm plots suggest an adequate model because the points in each of the plots lie within the
two elliptic confidence bands.
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Figure A7. Residual plots from the fitted model to IL-7 levels. The normalized quantile residuals behave well. The histogram and normal QQ-plot (two top plots) do not show deviates

from normality assumption. Residuals against fitted values (left bottom plot) and against age (center bottom plot) show a random scatter around the horizontal line at 0. Boxplot that

compares the residuals for the two sex levels (right bottom plot) shows similar distributions in both male and female.
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Worm plots from the fitted model to IL-7 data
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Figure A8. Worm plots from the fitted model to IL-7 levels. General worm plot is on the top of the figure. Age and sex are included in the model, and four and two individual worm plots,
corresponding to the four age intervals (left) and to the female and male groups (right), are shown on the bottom on the figure, respectively. The seven worm plots suggest an adequate
model because the points in each of the plots lie within the two elliptic confidence bands.
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Figure A9. Residual plots from the fitted model to IL-8 levels. The normalized quantile residuals behave well. The histogram and normal QQ-plot (two top plots) do not show deviates
from normality assumption. Residuals against fitted values (left bottom plot) and against age (center bottom plot) show a random scatter around the horizontal line at 0. Boxplot that

compares the residuals for the two sex levels (right bottom plot) shows similar distributions in both male and female.
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Worm plots from the fitted model to IL-8 data
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Figure A10. Worm plots from the fitted model to IL-8 levels. General worm plot is on the top of the figure. Age and sex are included in the model, and four and two individual worm plots,

corresponding to the four age intervals (left) and to the female and male groups (right), are shown on the bottom on the figure, respectively. The seven worm plots suggest an adequate

model because the points in each of the plots lie within the two elliptic confidence bands.
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Figure A11. Residual plots from the fitted model to IP-10 levels. The normalized quantile residuals behave well. The histogram and normal QQ-plot (two top plots) do not show deviates
from normality assumption. Residuals against fitted values (left bottom plot) and against age (center bottom plot) show a random scatter around the horizontal line at 0. Boxplot that

compares the residuals for the two sex levels (right bottom plot) shows similar distributions in both male and female.
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Worm plots from the fitted model to IP-10 data
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Figure A12. Worm plots from the fitted model to IP-10 levels. General worm plot is on the top of the figure. Age and sex are included in the model, and four and two individual worm

plots, corresponding to the four age intervals (left) and to the female and male groups (right), are shown on the bottom on the figure, respectively. The seven worm plots suggest an

adequate model because the points in each of the plots lie within the two elliptic confidence bands.
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Figure A13. Residual plots from the fitted model to MCP-1 levels. The normalized quantile residuals behave well. The histogram and normal QQ-plot (two top plots) do not show deviates
from normality assumption. Residuals against fitted values and against age plots (two bottom plots) show a random scatter around the horizontal line at 0.
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Worm plots from the fitted model to MCP-1 data
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Figure A14. Worm plots from the fitted model to MCP-1 levels. General worm plot is on the top of the figure. Age is
included in the model, and four individual worm plots, corresponding to the four age intervals, are shown along rows from

top left to bottom right. The five worm plots suggest an adequate model because the points in each of the plots lie within
the two elliptic confidence bands.
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Figure A15. Residual plots from the fitted model to VEGF levels. The normalized quantile residuals behave well. The histogram and normal QQ-plot (two top plots) do not show deviates
from normality assumption. Residuals against fitted values and against age plots (two bottom plots) show a random scatter around the horizontal line at 0.
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Worm plots from the fitted model to VEGF data
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Figure A16. Worm plots from the fitted model to VEGF levels. General worm plot is on the top of the figure. Age is included
in the model, and four individual worm plots, corresponding to the four age intervals, are shown along rows from top left
to bottom right. The five worm plots suggest an adequate model because the points in each of the plots lie within the two
elliptic confidence bands.

Appendix B. Centile Curves Estimation

This appendix shows the estimations of centile curves for each evaluated cytokine
based on the fitted generalized additive models for location, scale and shape (GAMLSS)
models.
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Table A3. Percentiles of EGF levels estimated with the fitted GAMLSS model. Family distribution

Box-Cox Power Exponential with age linear dependence for location parameter ().

Age Percentile
(Years) 2.5th 5th 50th 95th 97.5th
18 32.55 50.26 508.25 3314.48 4333.62
19 32.32 49.86 501.91 3260.74 4261.06
20 32.10 49.47 495.64 3207.88 4189.71
21 31.87 49.08 489.45 3155.87 4119.56
22 31.65 48.70 483.34 3104.71 4050.58
23 31.43 48.31 477.31 3054.37 3982.76
24 31.21 47.93 471.35 3004.86 3916.07
25 30.99 47.56 465.46 2956.14 3850.50
26 30.77 47.18 459.65 2908.21 3786.03
27 30.56 46.81 453.91 2861.07 3722.63
28 30.34 46.44 448.24 2814.68 3660.30
29 30.13 46.08 442.65 2769.05 3599.01
30 29.92 45.71 437.12 2724.16 3538.75
31 29.71 45.35 431.66 2679.99 3479.50
32 29.50 45.00 426.27 2636.54 3421.24
33 29.30 44.64 420.95 2593.80 3363.95
34 29.09 44.29 415.70 2551.75 3307.63
35 28.89 43.94 410.51 2510.38 3252.24
36 28.69 43.60 405.38 2469.68 3197.79
37 28.49 43.26 400.32 2429.64 3144.25
38 28.29 42.92 395.32 2390.25 3091.60
39 28.09 42,58 390.39 2351.50 3039.83
40 27.89 4224 385.51 2313.38 2988.93
41 27.70 41.91 380.70 2275.87 2938.89
42 27.50 41.58 375.94 2238.97 2889.68
43 27.31 41.25 371.25 2202.67 2841.29
44 27.12 40.93 366.62 2166.96 2793.72
45 26.93 40.61 362.04 2131.83 2746.94
46 26.74 40.29 357.52 2097.27 2700.95
47 26.55 39.97 353.05 2063.27 2655.72
48 26.37 39.66 348.65 2029.82 2611.26
49 26.18 39.34 344.29 1996.91 2567.53
50 26.00 39.03 339.99 1964.54 252454
51 25.82 38.73 335.75 1932.69 2482.27
52 25.64 38.42 331.56 1901.35 2440.71
53 25.46 38.12 327.42 1870.53 2399.84
54 25.28 37.82 323.33 1840.20 2359.66
55 25.10 37.52 319.29 1810.37 2320.15
56 24.93 37.23 315.31 1781.02 2281.30
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Table A3. Cont.

Age Percentile
(Years) 2.5th 5th 50th 95th 97.5th
57 24.75 36.93 311.37 1752.14 2243.10
58 24.58 36.64 307.48 1723.74 2205.54
59 24.41 36.36 303.64 1695.79 2168.61
60 24.24 36.07 299.85 1668.30 2132.30
61 24.07 35.79 296.11 1641.25 2096.60
62 23.90 35.50 292.41 1614.65 2061.49
63 23.73 35.22 288.76 1588.47 2026.98
64 23.57 34.95 285.15 1562.72 1993.04
65 23.40 34.67 281.59 1537.38 1959.67
66 23.24 34.40 278.08 1512.46 1926.85
67 23.07 34.13 274.61 1487.94 1894.59
68 2291 33.86 271.18 1463.81 1862.87
69 22.75 33.59 267.79 1440.08 1831.68
70 22.59 33.33 264.45 1416.73 1801.01
71 22.44 33.07 261.15 1393.77 1770.85
72 2228 32.81 257.89 1371.17 1741.20
73 2212 32.55 254.67 1348.94 1712.04
74 21.97 32.29 251.49 1327.07 1683.38
75 21.81 32.04 248.35 1305.56 1655.19
76 21.66 31.79 245.25 1284.39 1627.48
77 21.51 31.54 242.18 1263.57 1600.23
78 21.36 31.29 239.16 1243.08 1573.43
79 21.21 31.04 236.17 1222.93 1547.09
80 21.06 30.80 233.22 1203.10 1521.18
81 20.91 30.56 230.31 1183.60 1495.71
82 20.77 30.32 227.44 1164.41 1470.67
83 20.62 30.08 224.60 1145.53 1446.04
84 20.48 29.84 221.79 1126.96 1421.83
85 20.33 29.61 219.02 1108.69 1398.02
86 20.19 29.37 216.29 1090.71 1374.61
87 20.05 29.14 213.59 1073.03 1351.60
88 19.91 28.91 210.92 1055.63 1328.97

Table A4. Percentiles of Fractalkine levels estimated with the fitted GAMLSS model. Family distribu-
tion Normal with sex dependence for location parameter (p).

Percentile for Women Percentile for Men
2.5th 5th 50th 95th 97.5th 2.5th 5th 50th 95th 97.5th
19.25 26.64 14521 79144 109520 25.93 35.88 19553 1065.69 1474.72
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Table A5. Percentiles of IL-1RA levels estimated with the fitted GAMLSS model. Family distri-
bution Box-Cox Power Exponential with age dependence modelled as a cubic spline for location
parameter ().

Age Percentile

(Years) 2.5th 5th 50th 95th 97.5th
18 21.92 29.06 238.21 4675.57 8526.01
19 22,51 29.92 249.70 5028.39 9216.92
20 23.11 30.78 261.59 5402.87 9954.05
21 23.71 31.66 273.72 5794.25 10,728.33
22 24.30 32.52 285.90 6197.32 11,529.63
23 24.88 33.36 298.08 6609.48 12,352.84
24 25.42 34.16 309.71 7011.97 13,160.26
25 25.89 34.84 319.89 7370.82 13,882.94
26 26.24 35.35 327.47 7642.29 14,431.31
27 26.42 35.62 331.57 7790.47 14,731.23
28 26.46 35.67 332.35 7819.00 14,789.03
29 26.37 35.55 330.52 7752.64 14,654.63
30 26.21 35.31 326.90 7621.70 14,389.67
31 26.00 35.01 322.35 7458.50 14,059.90
32 25.79 34.69 317.64 7290.98 13,721.93
33 25.60 34.41 313.52 7145.39 13,428.64
34 25.46 34.22 310.57 7042.10 13,220.84
35 25.38 34.10 308.87 6982.50 13,101.03
36 25.34 34.04 307.94 6950.29 13,036.30
37 25.31 33.99 307.33 6928.79 12,993.11
38 25.29 33.97 306.89 6913.76 12,962.94
39 25.28 33.95 306.63 6904.68 12,944.69
40 25.28 33.94 306.57 6902.55 12,940.43
41 25.28 33.94 306.56 6902.30 12,939.93
42 2527 33.93 306.39 6896.08 12,927.42
43 25.24 33.89 305.73 6873.36 12,881.82
44 25.18 33.80 304.45 6829.08 12,792.95
45 25.09 33.67 302.54 6762.95 12,660.31
46 24.97 33.49 299.97 6674.32 12,482.68
47 24.81 33.26 296.54 6557.01 12,247.82
48 24.61 32.97 292.43 6417.22 11,968.36
49 24.40 32.66 287.91 6264.80 11,664.14
50 24.17 32.33 283.26 6109.30 11,354.31
51 23.96 32.01 278.72 5958.78 11,054.94
52 23.75 31.70 274.40 5816.63 10,772.72
53 23.54 31.40 270.20 5679.81 10,501.53
54 23.33 31.09 265.87 5539.90 10,224.70
55 23.09 30.75 261.15 5388.59 9925.87

56 22.82 30.36 255.77 5218.18 9590.03
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Table A5. Cont.
Age Percentile

(Years) 2.5th 5th 50th 95th 97.5th
57 22,51 29.92 249.70 5028.20 9216.57
58 22.17 29.41 242.94 4819.77 8807.96
59 21.79 28.86 235.60 4596.83 8372.30
60 21.39 28.30 228.11 4373.04 7936.51
61 21.01 27.74 220.93 4162.42 7527.78
62 20.67 27.24 214.51 3977.06 7169.31
63 20.38 26.83 209.24 3827.22 6880.39
64 20.17 26.54 205.54 3723.27 6680.42
65 20.07 26.39 203.73 3672.81 6583.48
66 20.08 26.41 203.92 3678.21 6593.86
67 20.21 26.59 206.21 3742.14 6716.69
68 20.46 26.95 210.79 3871.14 6964.99
69 20.86 27.52 218.05 4078.99 7366.30
70 21.40 28.31 228.28 4378.15 7946.44
71 22.09 29.30 241.42 4773.25 8716.92
72 22.90 30.48 257.36 5268.45 9689.03
73 23.82 31.82 276.02 5869.64 10,877.90
74 24.85 33.32 297.48 6589.20 12,312.25
75 25.98 34.98 321.91 7442.84 14,028.28
76 27.22 36.79 349.47 8449.34 16,069.59
77 28.55 38.76 380.35 9629.55 18,485.24
78 29.98 40.88 414.72 11,005.47 21,328.07
79 31.49 43.15 452.69 12,599.45 24,653.07
80 33.10 45.55 494.35 14,433.69 28,516.30
81 34.78 48.09 539.83 16,534.26 32,983.42
82 36.55 50.76 589.47 18,939.52 38,148.14
83 38.41 53.59 643.71 21,696.71 44,126.04
84 40.37 56.58 703.05 24,861.31 51,053.90
85 42.44 59.75 768.06 28,498.56 59,094.05
86 44.62 63.10 839.37 32,685.48 68,439.71
87 46.92 66.66 917.71 37,513.16 79,321.44
88 49.36 70.45 1003.80 43,082.66 91,999.10
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Table A6. Percentiles of IL-7 levels estimated with the fitted GAMLSS model. Family distribution Power Exponential with
age dependence modelled as a cubic spline for location and skewness parameters (i and v respectively) and as linear for

scale parameter (o). Sex is added as a qualitative variable for location and skewness parameters (i and v respectively).

Percentile for Women

Percentile for Men

Age
(Yeirs) 2.5th 5th 50th 95th 97.5th 2.5th 5th 50th 95th 97.5th
18 11.48 13.94 38.35 105.53 128.11 8.88 10.79 29.68 81.65 99.12
19 11.86 14.40 39.61 109.00 132.32 9.18 11.14 30.65 84.33 102.38
20 12.25 14.87 40.92 112.59 136.68 9.48 11.51 31.66 87.12 105.76
21 12.66 15.37 4228 116.32 141.21 9.79 11.89 32.71 90.00 109.26
22 13.08 15.88 43.68 120.19 145.91 10.12 12.28 33.80 93.00 112.90
23 13.52 16.41 45.15 124.22 150.80 10.46 12.70 34.93 96.11 116.68
24 13.96 16.95 46.64 128.33 155.79 10.80 13.12 36.09 99.30 120.55
25 14.41 17.50 48.14 132.45 160.79 11.15 13.54 37.25 102.48 124.41
26 14.85 18.02 49.59 136.45 165.65 11.49 13.95 38.37 105.58 128.17
27 15.26 18.52 50.96 140.21 170.21 11.80 14.33 39.43 108.49 131.70
28 15.63 18.97 52.20 143.63 174.36 12.09 14.68 40.39 111.13 134.91
29 15.95 19.36 53.28 146.59 177.96 12.34 14.98 4122 113.43 137.69
30 16.22 19.69 54.17 149.04 180.93 12.55 15.23 4191 115.32 139.99
31 16.42 19.94 54.86 150.94 183.23 12.71 15.43 4245 116.79 141.77
32 16.57 20.11 55.34 152.27 184.85 12.82 15.56 42.82 117.82 143.03
33 16.65 20.22 55.62 153.04 185.78 12.88 15.64 43.04 118.41 143.75
34 16.67 20.24 55.69 153.24 186.03 12.90 15.66 43.09 118.57 143.94
35 16.64 20.20 55.58 152.94 185.66 12.88 15.63 43.01 118.33 143.65
36 16.56 20.11 55.32 152.22 184.78 12.82 15.56 42.81 117.78 142.98
37 16.45 19.97 54.93 151.15 183.49 12.73 15.45 4251 116.95 141.97
38 16.30 19.79 54.45 149.80 181.86 12.61 15.31 4213 115.91 140.71
39 16.13 19.58 53.88 148.24 179.95 12.48 15.15 41.69 114.70 139.24
40 15.94 19.35 53.24 146.50 177.84 12.33 14.97 41.20 113.35 137.61
41 15.73 19.10 52.55 144.60 175.54 12.17 14.78 40.66 111.88 135.82
42 15,51 18.83 51.80 142.53 173.03 12.00 14.57 40.08 110.28 133.88
43 15.26 18.53 50.98 140.27 170.29 11.81 14.34 39.45 108.54 131.76
44 15.00 18.21 50.10 137.84 167.33 11.60 14.09 38.76 106.65 129.47
45 14.72 17.87 49.17 135.30 164.25 11.39 13.83 38.05 104.68 127.08
46 14.44 17.53 4823 132.70 161.10 11.17 13.56 37.32 102.68 124.65
47 14.16 17.18 47.28 130.10 157.93 10.95 13.30 36.59 100.66 122.20
48 13.88 16.85 46.35 127.53 154.81 10.74 13.03 35.86 98.67 119.79
49 13.60 16.51 45.44 125.02 151.77 10.53 12.78 35.16 96.73 117.43
50 13.34 16.19 44.54 122.55 148.78 10.32 12.53 34.46 94.83 115.11
51 13.07 15.87 43.66 120.14 145.84 10.11 12.28 33.78 92.95 112.84
52 12.82 15.56 42.82 117.82 143.03 9.92 12.04 33.13 91.16 110.67
53 12.58 15.28 42.04 115.66 140.40 9.74 11.82 32.52 89.49 108.64
54 12.37 15.01 41.31 113.65 137.97 9.57 11.62 31.96 87.94 106.75
55 12.17 14.77 40.64 111.81 135.74 9.41 11.43 31.44 86.51 105.03
56 11.98 14.55 40.02 110.12 133.68 9.27 11.25 30.97 85.20 103.43
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Table A6. Cont.
Age Percentile for Women Percentile for Men

(Years) 2.5th 5th 50th 95th 97.5th 2.5th 5th 50th 95th 97.5th
57 11.81 14.34 39.44 108.52 131.74 9.14 11.09 30.52 83.97 101.93
58 11.64 14.14 38.89 107.01 129.91 9.01 10.94 30.09 82.80 100.52
59 11.49 13.95 38.37 105.58 128.17 8.89 10.79 29.69 81.69 99.17
60 11.34 13.77 37.88 104.22 126.52 8.77 10.65 29.31 80.64 97.89
61 11.20 13.60 37.41 102.93 124.96 8.67 10.52 28.95 79.64 96.69
62 11.07 13.44 36.97 101.73 123.50 8.56 10.40 28.61 78.71 95.55
63 10.95 13.29 36.57 100.62 122.15 8.47 10.28 28.30 77.85 94.51
64 10.84 13.16 36.21 99.62 120.93 8.39 10.18 28.01 77.08 93.57
65 10.74 13.04 35.89 98.74 119.86 8.31 10.09 27.77 76.40 92.74
66 10.66 12.94 35.61 97.98 118.95 8.25 10.01 27.55 75.81 92.03
67 10.59 12.86 35.38 97.34 118.17 8.20 9.95 27.37 75.32 91.43
68 10.54 12.79 35.19 96.83 117.55 8.15 9.90 27.23 74.92 90.95
69 10.50 12.74 35.06 96.47 117.11 8.12 9.86 27.13 74.64 90.61
70 10.47 12.72 34.99 96.27 116.86 8.10 9.84 27.07 74.49 90.42
71 10.47 12.71 34.98 96.24 116.83 8.10 9.84 27.06 74.46 90.40
72 10.49 12.73 35.03 96.39 117.02 8.12 9.85 27.11 74.58 90.54
73 10.53 12.78 35.16 96.73 117.43 8.14 9.89 27.20 74.85 90.86
74 10.59 12.85 35.36 97.29 118.11 8.19 9.94 27.36 75.28 91.38
75 10.67 12.96 35.65 98.10 119.08 8.26 10.03 27.59 75.90 92.14
76 10.79 13.10 36.04 99.16 120.37 8.35 10.13 27.88 76.72 93.14
77 10.93 13.27 36.52 100.48 121.98 8.46 10.27 28.26 77.74 94.38
78 11.11 13.48 37.09 102.06 123.90 8.59 10.43 28.70 78.97 95.87
79 11.31 13.73 37.77 103.92 126.16 8.75 10.62 29.22 80.41 97.61
80 11.54 14.01 38.54 106.05 128.74 8.93 10.84 29.82 82.06 99.62
81 11.80 14.33 39.42 108.45 131.66 9.13 11.08 30.50 83.91 101.87
82 12.09 14.68 40.38 111.10 134.87 9.35 11.36 31.24 85.96 104.36
83 12.40 15.06 41.43 113.99 138.38 9.60 11.65 32.05 88.20 107.07
84 12.74 1547 42.56 117.09 142.15 9.86 11.97 32.93 90.60 109.98
85 13.10 15.90 43.76 120.40 146.16 10.14 12.31 33.86 93.16 113.09
86 13.48 16.36 45.02 123.88 150.39 10.43 12.66 34.84 95.85 116.36
87 13.88 16.84 46.35 127.52 154.80 10.74 13.03 35.86 98.66 119.78
88 14.28 17.34 47.71 131.28 159.37 11.05 13.42 36.92 101.58 123.31
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Table A7. Percentiles of IL-8 levels estimated with the fitted GAMLSS model. Family distribution Power Exponential with

age dependence modelled as a cubic spline and sex as a qualitative variable for location parameter (i).

Percentile for Women

Percentile for Men

Age
(Yeirs) 2.5th 5th 50th 95th 97.5th 2.5th 5th 50th 95th 97.5th
18 16.61 25.36 113.22 505.52 771.84 11.94 18.23 81.40 363.43 554.90
19 16.48 25.16 112.35 501.59 765.84 11.85 18.09 80.77 360.61 550.59
20 16.36 24.97 111.49 497.78 760.02 11.76 17.95 80.15 357.87 546.40
21 16.23 24.78 110.66 494.05 754.32 11.67 17.82 79.55 355.19 542.30
22 16.11 24.60 109.82 490.31 748.61 11.58 17.68 78.95 352.49 538.20
23 15.99 24.41 108.98 486.58 742.93 11.49 17.55 78.35 349.82 534.11
24 15.87 24.22 108.16 482.89 737.29 11.41 17.42 77.76 347.16 530.06
25 15.74 24.03 107.31 479.11 731.51 11.32 17.28 77.15 344.44 525.90
26 15.61 23.84 106.43 475.16 725.49 11.22 17.14 76.51 341.61 521.58
27 15.48 23.63 105.50 471.04 719.19 11.13 16.99 75.85 338.64 517.05
28 15.33 23.41 104.51 466.63 712.46 11.02 16.83 75.14 335.47 512.21
29 15.18 23.17 103.46 461.95 705.31 10.91 16.66 74.38 332.11 507.07
30 15.02 22.94 102.41 457.22 698.09 10.80 16.49 73.62 328.71 501.88
31 14.88 22.71 101.40 452.74 691.26 10.69 16.33 72.90 325.49 496.96
32 14.74 22,51 100.48 448.63 684.98 10.60 16.18 72.24 322.53 492.45
33 14.62 22.33 99.69 445.07 679.55 10.51 16.05 71.67 319.98 488.54
34 14.53 22.18 99.04 44217 675.12 10.44 15.95 71.20 317.89 485.36
35 14.45 22.07 98.53 439.90 671.65 10.39 15.87 70.83 316.26 482.87
36 14.40 21.98 98.15 438.21 669.07 10.35 15.80 70.56 315.04 481.01
37 14.35 21.92 97.85 436.88 667.03 10.32 15.76 70.35 314.08 479.55
38 14.31 21.85 97.58 435.65 665.16 10.29 15.71 70.15 313.20 478.21
39 14.28 21.80 97.31 434.47 663.36 10.26 15.67 69.96 312.35 476.91
40 14.24 21.74 97.07 433.39 661.71 10.24 15.63 69.79 311.58 475.72
41 14.21 21.69 96.84 432.37 660.16 10.21 15.59 69.62 310.85 474.61
42 14.17 21.64 96.61 431.32 658.55 10.19 15.56 69.45 310.09 47345
43 14.13 21.57 96.32 430.02 656.57 10.16 15,51 69.24 309.16 472.03
44 14.07 21.48 95.88 428.10 653.63 10.11 15.44 68.93 307.77 469.91
45 13.98 21.34 95.29 425.45 649.58 10.05 15.34 68.51 305.87 467.00
46 13.87 21.18 94.55 42215 644.54 9.97 15.22 67.98 303.49 463.38
47 13.74 20.98 93.67 418.20 638.52 9.88 15.08 67.34 300.66 459.05
48 13.59 20.76 92.67 413.74 631.71 9.77 14.92 66.62 297.45 454.16
49 13.44 20.52 91.61 409.02 624.50 9.66 14.75 65.86 294.06 448.97
50 13.29 20.28 90.57 404.36 617.38 9.55 14.58 65.11 290.70 443.85
51 13.15 20.07 89.61 400.10 610.88 9.45 14.43 64.43 287.64 439.18
52 13.03 19.90 88.84 396.65 605.61 9.37 1431 63.87 285.16 435.39
53 12.96 19.78 88.32 394.32 602.05 9.31 14.22 63.49 283.49 432.83
54 12.92 19.73 88.10 393.35 600.58 9.29 14.19 63.34 282.79 431.77
55 12.94 19.76 88.24 393.96 601.50 9.31 14.21 63.44 283.23 432.44
56 13.01 19.87 88.72 396.11 604.78 9.36 14.29 63.78 284.77 434.79
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Table A7. Cont.

Percentile for Women

Percentile for Men

Age

(Yeirs) 2.5th 5th 50th 95th 97.5th 2.5th 5th 50th 95th 97.5th
57 13.13 20.05 89.52 399.68 610.24 9.44 14.41 64.36 287.34 438.72
58 13.29 20.29 90.60 404.50 617.59 9.55 14.59 65.13 290.80 444.01
59 13.48 20.59 91.92 410.39 626.60 9.69 14.80 66.08 295.04 450.48
60 13.71 20.93 93.46 417.27 637.10 9.86 15.05 67.19 299.99 458.03
61 13.97 21.32 95.21 425.07 649.01 10.04 15.33 68.45 305.60 466.59
62 14.25 21.76 97.15 433.75 662.26 10.25 15.64 69.84 311.83 476.12
63 14.57 22.24 99.29 44331 676.85 10.47 15.99 71.38 318.71 486.61
64 14.91 22.77 101.67 453.94 693.09 10.72 16.37 73.10 326.35 498.28
65 15.31 23.37 104.35 465.90 711.34 11.01 16.80 75.02 334.95 511.40
66 15.76 24.06 107.42 479.61 732.27 11.33 17.30 77.23 344.80 526.45
67 16.29 24.87 111.02 495.69 756.83 11.71 17.88 79.82 356.37 544.11
68 16.92 25.83 115.32 514.87 786.11 12.16 18.57 82.91 370.15 565.16
69 17.67 26.98 120.47 537.86 821.21 12.70 19.40 86.61 386.68 590.39
70 18.57 28.36 126.60 565.26 863.05 13.35 20.39 91.02 406.38 620.47
71 19.63 29.97 133.82 597.49 912.26 14.11 21.55 96.21 429.55 655.85
72 20.86 31.85 142.20 634.88 969.35 15.00 22.90 102.23 456.43 696.89
73 2227 34.00 151.82 677.83 103492 16.01 24.45 109.15 48731 744.03
74 23.88 36.46 162.80 726.88  1109.82 17.17 26.22 117.04 522.58 797.88
75 25.72 39.26 175.31 78270  1195.05 18.49 28.23 126.03 562.71 859.15
76 27.80 42.44 189.49 846.03  1291.74 19.98 30.51 136.23 608.24 928.67
77 30.15 46.04 205.54 917.68  1401.13 21.68 33.10 147.77 659.75  1007.32
78 32.81 50.09 223.66 998.57  1524.64 23.59 36.01 160.79 71790  1096.10
79 35.80 54.67 24407  1089.71  1663.78 25.74 39.30 175.47 78342  1196.14
80 39.17 59.80 267.00 119211  1820.14 28.16 4299 191.96 857.04  1308.55
81 4293 65.55 29265  1306.62  1994.97 30.86 47.12 210.40 939.37 143424
82 47.13 71.96 32129 143447  2190.17 33.88 51.73 23098 103128 157458
83 51.82 79.12 35324  1577.12  2407.98 37.25 56.88 25395  1133.84  1731.17
84 57.04 87.10 38886  1736.19  2650.84 41.01 62.62 27957 124819  1905.77
85 62.87 95.99 42856 191340  2921.42 45.20 69.01 30810  1375.60  2100.29
86 69.35 105.88 47274 211067  3222.61 49.86 76.12 339.87 151742  2316.83
87 76.56 116.89 521.87  2330.02  3557.52 55.04 84.03 37519 167512  2557.60
88 84.55 129.10 57640 257348  3929.24 60.79 92.81 41439  1850.15  2824.85
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Table A8. Percentiles of IP-10 levels estimated with the fitted GAMLSS model. Family distribution Power Exponential with
age dependence modeled as a linear function for location and scale parameters (i and o respectively). Sex is added as a

qualitative variable for location and scale parameters (i and o respectively).

Percentile for Women

Percentile for Men

Age
(Yeirs) 2.5th 5th 50th 95th 97.5th 2.5th 5th 50th 95th 97.5th
18 5548.71  8410.15 3622693 156,048.41 23652153 5986.14 835222  26,900.80 86,642.06 120,888.05
19 5428.03 825257  35934.03 156,467.01 237,886.30 5872.14 821335  26,683.31 86,687.94 121,250.29
20 5309.43  8097.29  35643.50 156,899.26 239,283.49 5759.84 807629  26,467.57 86,739.39 121,623.60
21 5192.88 794430 3535531 157,345.35 240,713.75 5649.21 794099 2625357 86,796.47 122,008.15
22 5078.36 779356  35069.46 157,805.49 242,177.76 554025  7807.46  26,041.31 86,859.21 122,404.13
23 4965.85  7645.06  34,78591 158,279.90 243,676.22 543294 767567  25830.76 86,927.68 122,811.70
24 485532  7498.78  34,504.66 158,768.79 245209.86 532725 754561 2562191 87,001.94 123,231.05
25 4746.74 735468 3422569 159,272.37 246,779.40 522317 741726 2541475 87,082.03 123,662.38
26 4640.09 721275 33,948.96 159,790.89 248385.62 5120.69  7290.60  25209.27 87,168.02 124,105.87
27 453535  7072.97  33,67448 160,324.56 250,029.29 5019.78  7165.63 2500545 87,259.97 124,561.72
28 443249 693531 3340222 160,873.64 251,711.21 492043 704232  24,803.27 87,357.94 125,30.14
29 433149  6799.74 33,3215 161,438.37 25343222 482263  6920.66  24,602.74 87,462.00 125511.33
30 423233 666626  32,86427 162,019.01 25519317 472635  6800.63  24,403.82 87,572.21 126,005.52
31 413497  6534.83 3259856 16261580 25699493 4631.58  6682.22 2420651 87,688.63 126,512.92
32 4039.40 640543  32,334.99 163,229.03 258,838.41 453831 656542  24,010.79 87,811.34 127,033.77
33 394559  6278.04 3207356 163,858.97 260,724.54 444651 645020  23,816.66 87,940.41 127,568.29
34 385353  6152.64 31,81424 16450589 26265428 4356.17 633656  23,624.10 88,075.92 128,116.72
35 376318  6029.21  31,557.01 165170.10 264,628.61 426727 622447  23,433.09 88217.93 128,679.32
36 367453  5907.72  31,301.87 165851.88 266,648.54 4179.81  6113.93  23243.63 88,366.52 129,256.33
37 3587.54  5788.16  31,048.79 16655154 26871513 4093.75 600491  23,055.70 88,521.78 129,848.02
38 350221  5670.50  30,797.75 167,269.40 270,829.44 4009.09  5897.41  22,869.29 88,683.79 130,454.65
39 341850 555473  30,548.75 168,005.77 272,992.60 392581  5791.41  22,684.39 88,852.63 131,076.50
40 333640  5440.81  30,301.75 168,761.00 27520573 384390  5686.89  22,500.98 89,028.38 131,713.84
41 3255.88  5328.73  30,056.76 169,535.42 277,470.02 376333  5583.84 22,319.06 89,211.14 132,366.98
42 317692 521847 2981374 170,329.38 279,786.68 3684.09 548224  22,138.61 89,401.00 133,036.21
43 3099.50  5110.01 29,572.69 171,14325 282,156.95 3606.18  5382.09  21,959.61 89,598.04 133,721.83
44 302359  5003.33  29,333.59 171,977.38 284,582.14 352956 528336  21,782.06 89,802.37 134,424.16
45 294918  4898.41  29,096.43 172,832.16 287,06357 345423  5186.05 21,605.95 90,014.09 135,143.52
46 287624 479522  28,861.18 173,707.99 289,602.59 3380.17  5090.13  21,431.26 90,233.29  135,880.25
47 2804.76 ~ 4693.74  28,627.83 174,605.26 292,200.64 3307.37 499560  21,257.99 90,460.08 136,634.69
48 273471 459397 2839637 17552438 294,859.16 323581 490243  21,086.11 90,694.56 137,407.19
49 2666.07 449587  28,166.78 176,465.78 297,579.65 316548  4810.63 2091563 90,936.85 138,198.11
50 2598.82  4399.43  27,939.04 177,429.90 300,363.66 309636  4720.17  20,746.52 91,187.07 139,007.82
51 253294  4304.62 27,71315 17841717 30321278 302843  4631.03 20,578.78 91,44531 139,836.71
52 246841 421144  27,489.08 179,428.07 306,128.68 2961.69 454321  20,412.40 91,711.71 140,685.17
53 240520  4119.85  27,266.83 180,463.07 309,113.03 2896.12  4456.70  20,247.36 91,986.38  141,553.60
54 234331  4029.83  27,046.37 18152265 312,167.60 2831.69 437147  20,083.66 92,269.46 142,442.43
55 228271 394138  26,827.70 182,607.31 31529421 276841 428752 1992127 92,561.06 143,352.07
56 222338 385447 2661079 183,717.58 31849470 270625  4204.83  19,760.21 92,861.32 144,282.97
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Table A8. Cont.
Age Percentile for Women Percentile for Men
(Years) 2.5th 5th 50th 95th 97.5th 2.5th 5th 50th 95th 97.5th
57 2165.30 3769.08  26,395.64 184,853.97 321,771.02 2645.20 412338  19,600.44 93,170.38  145,235.58
58 2108.45 3685.19  26,182.22 186,017.03 325,125.16 2585.25 4043.18  19,441.97 93,488.38 146,210.37
59 2052.81 3602.79  25,970.53 187,207.33 328,559.16 2526.38 3964.19  19,284.78 93,815.46 147,207.81
60 1998.36 3521.85  25,760.56 188,425.44 332,075.16 2468.58 3886.42  19,128.86 94,151.76  148,228.41
61 1945.09 344236 2555228 189,671.96 335,675.35 2411.83 3809.84  18,974.20 94,497.44 149,272.67
62 1892.97 3364.30  25,345.68 190,947.48 339,361.99 2356.12 3734.44  18,820.79 94,852.65 150,341.11
63 1842.00 3287.64  25,140.76 192,252.65 343,137.42 2301.44 3660.22  18,668.62 95,217.55 151,434.27
64 1792.14 321238 2493749 193,588.11 347,004.06 2247.78 3587.15  18,517.68 95,592.30 152,552.70
65 1743.38 3138.49  24,735.87 194,954.52 350,964.40 2195.11 351523  18,367.96 95,977.08 153,696.98
66 1695.70 306596  24,535.87 196,352.57 355,021.04 2143.43 3444.45  18,219.45 96,372.05 154,867.70
67 1649.09 299477  24,337.50 197,782.97 359,176.64 2092.73 3374.78  18,072.14 96,777.40 156,065.45
68 1603.52 2924.89  24,140.72 199,246.44 363,433.96 2042.98 3306.22  17,926.03 97,193.30 157,290.87
69 1558.99 2856.32 2394554 200,743.72 367,795.85 1994.18 3238.76  17,781.09 97,619.94 158,544.59
70 1515.46 2789.04  23,751.94 202,275.59 372,265.27 1946.32 317238  17,637.33 98,057.51 159,827.27
71 1472.94 2723.02  23,559.90 203,842.84 376,845.27 1899.38 3107.07 1749473 98,506.21 161,139.61
72 1431.39 2658.26  23,369.41 205,446.28 381,539.00 1853.35 3042.82  17,353.28 98,966.25 162,482.29
73 1390.80 2594.73  23,180.46 207,086.76 386,349.74 1808.21 2979.61  17,212.97 99,437.83  163,856.05
74 1351.15 253242 22,993.05 208,765.15 391,280.86 1763.96 291745  17,073.80 99,921.16 165,261.62
75 1312.44 247130  22,807.14 21048233 396,335.87 1720.58 2856.30  16,935.76 100,416.47 166,699.79
76 1274.63 241138  22,622.74 212,239.23 401,518.38 1678.05 2796.17  16,798.83 100,923.98 168,171.33
77 1237.72 2352.61  22,439.83 214,036.79 406,832.15 1636.38 2737.04  16,663.01 101,443.93 169,677.08
78 1201.70 2295.01  22,258.40 215,875.99 412,281.06 1595.54 2678.89  16,528.28 101,976.55 171,217.86
79 1166.53 2238.53  22,078.44 217,757.84 417,869.12 1555.51 2621.72  16,394.65 102,522.09 172,794.55
80 1132.22 2183.17  21,899.93 219,683.37 423,600.51 1516.30 2565.52  16,262.10 103,080.79 174,408.05
81 1098.73 212892 21,722.87 221,653.66 429,479.54 1477.89 2510.27  16,130.61 103,652.93 176,059.28
82 1066.07 2075.75  21,547.23 223,669.81 435,510.67 1440.27 245596  16,000.19 104,238.77 177,749.19
83 1034.20 2023.66  21,373.02 225,732.96 441,698.55 1403.42 2402.58  15,870.83 104,838.58 179,478.77
84 1003.13 1972.62  21,200.21 227,844.27 448,047.96 1367.33 2350.12  15,742.51 105,452.64 181,249.04
85 972.82 1922.61  21,028.81 230,004.97 454,563.89 1331.99 2298.57  15,615.23 106,081.24 183,061.03
86 943.28 1873.64  20,858.78 232,216.30 461,251.49 1297.39 224792 1548898 106,724.69 184,915.84
87 914.48 1825.67  20,690.14 234,479.55 468,116.12 1263.52 219815  15,363.75 107,383.28 186,814.57
88 886.41 1778.69  20,522.85 236,796.04 475,163.32 1230.37 2149.26  15,239.53 108,057.34 188,758.38
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Table A9. Percentiles of MCP-1 levels estimated with the fitted GAMLSS model. Family distribution
Normal with age linear dependence for location parameter ().

Age Percentile
(Years) 2.5th 5th 50th 95th 97.5th
18 13.65 21.22 211.86 2115.55 3287.57
19 13.97 21.71 216.75 2164.31 3363.35
20 14.29 2221 221.74 2214.19 3440.86
21 14.62 22.72 226.85 2265.22 3520.17
22 14.96 23.24 232.08 2317.43 3601.30
23 15.30 23.78 237.43 2370.84 3684.30
24 15.65 24.33 242.90 242549 3769.22
25 16.01 24.89 248.50 2481.39 3856.09
26 16.38 25.46 254.23 2538.58 3944.96
27 16.76 26.05 260.09 2597.09 4035.89
28 17.15 26.65 266.08 2656.94 4128.90
29 17.54 27.26 272.21 2718.18 4224.07
30 17.95 27.89 278.49 2780.83 4321.42
31 18.36 28.53 284.91 2844.92 4421.02
32 18.78 29.19 291.47 2910.49 4522.92
33 19.22 29.86 298.19 2977.57 4627.16
34 19.66 30.55 305.06 3046.20 4733.80
35 20.11 31.25 312.09 3116.40 4842.91
36 20.58 31.98 319.29 3188.23 4954.53
37 21.05 32.71 326.65 3261.71 5068.72
38 21.54 33.47 334.18 3336.89 5185.54
39 22.03 34.24 341.88 3413.80 5305.05
40 22.54 35.03 349.76 3492.48 5427.32
41 23.06 35.83 357.82 3572.97 5552.41
42 23.59 36.66 366.06 3655.32 5680.38
43 24.13 37.50 374.50 3739.57 5811.30
44 24.69 38.37 383.13 3825.75 5945.24
45 25.26 39.25 391.96 3913.93 6082.26
46 25.84 40.16 401.00 4004.14 6222.45
47 26.44 41.08 410.24 4096.42 6365.86
48 27.05 42.03 419.69 4190.84 6512.58
49 27.67 43.00 429.37 4287.43 6662.68
50 28.31 43.99 439.26 4386.24 6816.24
51 28.96 45.00 449.39 4487.34 6973.34
52 29.63 46.04 459.75 4590.76 7134.06
53 30.31 47.10 470.34 4696.56 7298.48
54 31.01 48.19 481.18 4804.81 7466.70
55 31.72 49.30 49227 4915.55 7638.79
56 32.45 50.44 503.62 5028.84 7814.84
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Table A9. Cont.
Age Percentile

(Years) 2.5th 5th 50th 95th 97.5th
57 33.20 51.60 515.22 5144.75 7994.96
58 33.97 52.79 527.10 5263.32 8179.23
59 34.75 54.00 539.25 5384.63 8367.74
60 35.55 55.25 551.68 5508.73 8560.60
61 36.37 56.52 564.39 5635.70 8757.90
62 37.21 57.82 577.40 5765.59 8959.75
63 38.07 59.16 590.71 5898.47 9166.25
64 38.94 60.52 604.32 6034.42 9377.51
65 39.84 61.92 618.25 6173.50 9593.64
66 40.76 63.34 632.50 6315.78 9814.76
67 41.70 64.80 647.08 6461.35 10,040.96
68 42.66 66.30 661.99 6610.27 10,272.39
69 43.64 67.82 677.25 6762.62 10,509.14
70 44.65 69.39 692.86 6918.48 10,751.35
71 45.68 70.99 708.83 7077.94 10,999.15
72 46.73 72.62 725.16 7241.07 11,252.65
73 47.81 74.30 741.88 7407.96 11,512.00
74 4891 76.01 758.97 7578.70 11,777.33
75 50.04 77.76 776.47 7753.37 12,048.77
76 51.19 79.55 794.36 7932.07 12,326.47
77 52.37 81.39 812.67 8114.88 12,610.56
78 53.58 83.26 831.40 8301.91 12,901.21
79 54.81 85.18 850.56 8493.25 13,198.55
80 56.08 87.14 870.17 8689.00 13,502.75
81 57.37 89.15 890.22 8889.27 13,813.96
82 58.69 91.21 910.74 9094.14 14,132.34
83 60.04 93.31 931.73 9303.74 14,458.06
84 61.43 95.46 953.21 9518.17 14,791.29
85 62.84 97.66 975.17 9737.55 15,132.19
86 64.29 99.91 997.65 9961.98 15,480.95
87 65.77 102.21 1020.64 10,191.58 15,837.76
88 67.29 104.57 1044.17 10,426.47 16,202.78
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Table A10. Percentiles of VEGF levels estimated with the fitted GAMLSS model. Family distribution
Power Exponential with age dependence modeled as a cubic spline for location parameter and as a

linear function for skewness and scale parameters (i and v respectively).

Age Percentile
(Years) 2.5th 5th 50th 95th 97.5th
18 23.58 31.23 124.00 492.38 652.17
19 24.37 32.09 127.31 504.99 665.03
20 25.19 32.99 130.71 517.91 678.20
21 26.04 33.92 134.22 531.18 691.73
22 26.93 34.88 137.86 544.87 705.72
23 27.86 35.89 141.65 559.09 720.32
24 28.83 36.95 145.61 573.88 735.55
25 29.85 38.06 149.79 589.43 751.66
26 30.94 39.26 154.25 606.05 769.04
27 32.11 40.55 159.05 623.88 787.83
28 33.34 41.90 164.08 642.56 807.60
29 34.60 43.29 169.22 661.55 827.63
30 35.87 44.68 174.37 680.49 847.49
31 37.14 46.06 179.42 699.00 866.72
32 38.39 47.39 184.31 716.78 884.96
33 39.59 48.68 188.96 733.56 901.89
34 40.74 49.89 193.32 749.11 917.25
35 41.83 51.01 197.32 763.26 930.86
36 42.84 52.04 200.94 775.88 942.58
37 43.74 52.93 204.02 786.36 951.70
38 44.49 53.64 206.39 794.07 957.48
39 45.07 54.15 207.97 798.76 959.67
40 45.49 54.46 208.80 800.53 958.42
41 45.75 54.58 208.91 799.58 954.02
42 45.86 54.53 208.36 796.11 946.73
43 45.82 54.31 207.18 790.28 936.75
44 45.66 53.95 205.45 782.38 924.46
45 45.41 53.49 203.37 773.23 910.83
46 45.12 52.99 201.17 763.65 896.86
47 44.83 52.50 198.97 754.13 883.10
48 44.55 52.02 196.87 745.02 869.95
49 44.30 51.58 194.91 736.53 857.66
50 44.07 51.18 193.14 728.76 846.34
51 43.89 50.84 191.56 721.80 836.05
52 43.75 50.55 190.20 715.70 826.89
53 43.65 50.30 189.03 710.34 818.66
54 43.56 50.09 187.97 705.47 811.09
55 43.49 49.88 186.97 700.84 803.88
56 43.40 49.67 185.97 696.22 796.76
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Table A10. Cont.
Age Percentile
(Years) 2.5th 5th 50th 95th 97.5th
57 43.30 49.44 184.88 691.37 789.45
58 43.16 49.17 183.67 686.05 781.69
59 42.96 48.85 182.26 680.06 773.24
60 42.70 48.45 180.60 673.18 763.85
61 42.36 47.97 178.64 665.20 753.31
62 41.93 47.40 176.32 655.93 741.38
63 41.40 46.71 173.60 645.22 727.91
64 40.76 45.90 170.45 632.96 712.79
65 40.01 44.98 166.88 619.18 696.04
66 39.17 43.95 162.95 604.14 677.96
67 38.25 42.85 158.76 588.15 658.92
68 37.29 41.70 154.39 571.54 639.27
69 36.28 40.52 149.90 554.57 619.32
70 35.26 39.31 145.35 537.37 599.20
71 34.21 38.09 140.74 520.01 578.98
72 33.15 36.85 136.08 502.52 558.71
73 32.07 35.60 131.40 484.96 538.43
74 30.98 34.35 126.70 467.38 518.21
75 29.88 33.09 122.00 449.84 498.11
76 28.78 31.83 117.32 432.39 478.18
77 27.69 30.58 112.67 415.08 458.48
78 26.60 29.34 108.06 397.97 439.05
79 25.52 28.12 103.51 381.08 419.93
80 24.45 26.91 99.03 364.47 401.18
81 23.39 25.72 94.63 348.17 382.82
82 22.36 24.56 90.33 332.26 364.95
83 21.35 23.43 86.15 316.82 347.63
84 20.38 22.34 82.12 301.90 330.94
85 19.43 21.28 78.23 287.56 314.93
86 18.53 20.27 74.51 273.84 299.63
87 17.66 19.31 70.96 260.76 285.06
88 16.84 18.40 67.59 248.32 271.23

Appendix C. Reference Intervals Classification

This appendix shows the complete classification of all individuals of validation and
utility samples based on the cytokine reference limits estimated by the fitted generalized
additive models for location, scale and shape (GAMLSS) models.
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Table A11. Complete classification of validation sample by reference intervals (RIs) estimated with the fitted GAMLSS model.

Corneal EGF Fractalkine IL-1IRA IL-8 IP-10 MCP-1 VEGF

Age Sex OSDI TBUT Schirmer Stain. Level Class Level Class Level Class Level Class Level Class Level Class Level Class
27 M 2.1 10.0 30.0 0 1940 Normal 424 Normal 2020 Normal 293 Normal 54,000 Normal NA NA 555 Normal
29 F 4.5 9.7 35.0 0 2660 Normal 630 Normal 2700 Normal 429 Normal 48,600 Normal NA NA 58 Normal
25 F 42 8.3 12.0 0 2110 Normal 237 Normal 2090 Normal 186 Normal 62,800 Normal NA NA 58 Normal
29 M 0.0 10.0 8.0 0 1770 Normal 890 Normal 2330 Normal 155 Normal 29,200 Normal NA NA 58 Normal
56 M 0.0 10.3 5.0 0 419 Normal NA NA 8400 High 1225 Normal 67,500 Normal NA NA 58 Normal
24 M 0.0 15.0 9.0 0 880 Normal 469.5 Normal 3175 Normal 486 High 50,500 Normal NA NA 520 Normal
20 F 0.0 10.0 20.0 0 1890 Normal 221.5 Normal 5350 Normal 139 Normal 22,250 Normal NA NA 104 Normal
19 F 45 11.0 14.0 0 1110 Normal 560 Normal NA NA 98 Normal 31,450 Normal NA NA 429.5 Normal
20 M 4.2 9.0 15.0 0 1650 Normal 313 Normal 1935 Normal 133 Normal 38,350 Normal NA NA 104 Normal
18 M 4.2 16.0 22.0 0 1675 Normal 640 Normal 4620 Normal 421 High 54,500 Normal NA NA 460 Normal
19 F 10.4 18.0 14.0 0 1635 Normal 448.5 Normal 7950 High 465 Normal 41,950 Normal NA NA 465 Normal
20 F 0.0 13.0 6.0 0 449 Normal 510 Normal 590 Normal 190.5 Normal 41,850 Normal NA NA 715 High
30 F 4.2 15.0 30.0 0 520 Normal 685 Normal 258.5 Normal 385 Normal 51,500 Normal NA NA 364.5 Normal
20 F 8.3 18.0 35.0 0 865 Normal 2355 Normal 4380 Normal 148 Normal 47,150 Normal NA NA 104 Normal
20 F 2.1 18.0 8.0 0 1335 Normal 560 Normal 275.5 Normal 340.5 Normal 23,850 Normal NA NA 354.5 Normal
20 F 8.3 8.0 6.0 0 235 Normal 416.5 Normal 275.5 Normal 69.5 Normal 13,700 Normal NA NA 333.5 Normal
20 F 8.3 25.0 15.0 0 2565 Normal 890 High 4395 Normal 397 Normal 52,500 Normal NA NA 104 Normal
20 F 8.3 15.0 10.0 0 1105 Normal 349 Normal 155 Normal 92.5 Normal 39,700 Normal NA NA 354.5 Normal
24 M 2.1 11.0 35.0 0 870 Normal 427.5 Normal 1600 Normal 116 Normal 30,800 Normal NA NA 104 Normal
24 F 4.2 11.0 35.0 0 805 Normal 325 Normal 4600 Normal 429.5 Normal 63,500 Normal NA NA 645 High
47 F 21 13.0 33.0 0 170 Normal 368 Normal 296 Normal 30 Normal 4790 Normal NA NA 463 Normal
66 M 0.0 13.0 12.0 0 1190 Normal 1040 Normal 1120 Normal 145 Normal 7760 Normal NA NA 550 Normal
53 M 10.4 9.0 6.0 0 1560 Normal 1490 High 849 Normal 80 Normal 19,200 Normal NA NA 242 Normal
62 M 42 9.0 10.0 0 406 Normal 1050 Normal 3320 Normal 150 Normal 59,400 Normal NA NA 489 Normal
25 F 0.0 12.0 20.0 0 1280 Normal 187 Normal 545 Normal 296 Normal 9060 Normal NA NA 108 Normal
62 M 0.0 12.0 10.0 0 566 Normal 187 Normal 2420 Normal 235 Normal 3930 Normal NA NA 108 Normal
18 F 0.0 12.0 25.0 0 597 Normal 770 Normal 1190 Normal 357 Normal 40,400 Normal NA NA 108 Normal
21 M 0.0 10.0 20.0 0 275 Normal 187 Normal 115 Normal 102 Normal 7910 Low NA NA 108 Normal
56 M 0.0 12.0 20.0 0 408 Normal 187 Normal 186 Normal 262 Normal 16,900 Normal NA NA 108 Normal
62 M 0.0 10.0 15.0 0 518 Normal 679 Normal 5890 High 306 Normal 18,600 Normal NA NA 108 Normal
58 F 0.0 12.0 13.0 0 164 Normal 418 Normal 2620 Normal 199 Normal 24,600 Normal NA NA 108 Normal
54 M 0.0 11.7 22.0 0 544 Normal 261 Normal 5525 Normal 240 Normal 23,300 Normal NA NA 630 Normal
31 M 9.1 16.0 35.0 0 171 Normal 1050 Normal 4780 Normal 180 Normal NA NA 524 Normal NA NA
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Table A11. Cont.
. Corneal EGF Fractalkine IL-1IRA 1L-8 1P-10 MCP-1 VEGF
Age Sex OsDI T-BUT Schirmer Stain. Level Class Level Class Level Class Level Class Level Class Level Class Level Class
24 F 114 11.7 35.0 0 1670 Normal NA NA 2570 Normal 253 Normal 27,000 Normal 1200 Normal NA NA
19 M 8.3 8.7 30.0 0 383 Normal NA NA 740 Normal 29.3 Normal 23,500 Normal 143 Normal NA NA
24 F 6.3 7.3 35.0 0 1670 Normal 120 Normal 1120 Normal 92.2 Normal NA NA 126 Normal NA NA
36 M 5.6 11.3 19.0 0 864 Normal 318 Normal 5700 Normal 95.6 Normal NA NA 1500 Normal NA NA
21 F 11.1 8.0 5.0 0 1530 Normal NA NA 1610 Normal 256 Normal 23,400 Normal 189 Normal NA NA
20 F 7.5 8.0 22.0 0 551 Normal 225 Normal 4510 Normal 145 Normal NA NA 141 Normal NA NA
27 M 9.1 7.3 30.0 0 999 Normal 800 Normal 3660 Normal 101 Normal NA NA 166 Normal NA NA
M = Male; F = Female; OSDI = Ocular surface index score; T-BUT = Fluorescein tear break-up time; NA = Not Available.
Table A12. Complete classification of utility sample by reference intervals (RIs) estimated with the fitted GAMLSS model.
EGF Fractalki IL-1IRA IL-8 IP-10 MCP-1 VEGF
Age  Sex OSDI T-BUT Schirmer CS"rT‘eal ractatane
tain.  yayel Class Level Class Level Class Level Class Level Class Level Class Level Class
59 F 90.0 2.3 0.0 4.0 1040 Normal 1220 High 96,500 High 1780 High 110,000 Normal NA NA 1490 High
55 M 45.0 1.0 0.0 4.0 937 Normal NA NA 100,000 High 16,900 High 3300 Low NA NA 2100 High
47 F 66.7 0.7 0.0 3.0 117 Normal 615 Normal 45,400 High 327 Normal 244 Low NA NA 219 Normal
69 M 57.5 2.3 2.0 3.0 104 Normal 1050 Normal 48,300 High 1480 High 3230 Low NA NA 862 High
55 M 75.0 1.0 2.0 3.0 175 Normal 1000 Normal 43,100 High 2390 High 2430 Low NA NA 1050 High
54 F 75.0 1.0 1.0 3.0 292 Normal 2660 High 47,900 High 13,400 High 38,600 Normal NA NA 3050 High
60 F 78.1 1.0 0.0 3.0 468 Normal 1750 High 65,300 High 1370 High 40,400 Normal NA NA 699 High
58 F 45.0 2.0 2.0 3.0 27 Low 3890 High 88,800 High 3760 High 149,000 Normal NA NA 805 High
72 F 85.0 2.0 2.0 4.0 303 Normal 860 High 7420 High 1640 High 3800 Normal NA NA 1020 High
53 M 85.0 1.3 1.0 3.0 1040 Normal 1290 High 9390 High 19,700 High 12 Low NA NA 58 Normal
75 F 344 1.0 0.0 3.0 360 Normal 1490 High 10,400 High 4830 High 29,300 Normal NA NA 254 Normal
51 F 50.0 0.7 1.0 3.0 27 Low 5950 High 69,500 High 4470 High 32,500 Normal NA NA 2870 High
49 F 61.4 1.0 1.0 4.0 37.3 Low NA NA 1160 Normal 582 High 9250 Normal 12.3 Low NA NA

M = Male; F = Female; OSDI = Ocular surface index score; T-BUT = Fluorescein tear break-up time; NA = Not Available.
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