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ABSTRACT 38 

The measurement of tear film osmolarity has been suggested as a gold standard in the 39 

diagnosis of dry eye. Many tear film physiological variables oscillate during the day, 40 

therefore previous reports have studied how this variable changes throughout the day. 41 

The present brief review article will summarize the current clinical knowledge and main 42 

conclusion of the diurnal osmolarity variation in the tear film. For this purpose, the 43 

review performs a critical analysis on sample size and characteristics, the differences 44 

in the diurnal osmolarity variation on healthy versus altered tear film conditions or 45 

environment eyes, and time of day and number of measurements done. A total of 46 

twenty-one studies where one of the main objectives was to analyse the variance of the 47 

tear film osmolar value along different time-points in a day on a human cohort were 48 

compared. Osmolar tear film value does appear to be somewhat influenced by the time 49 

of day in healthy subjects and patients with ocular surface disease or altered by 50 

environmental conditions. Both, healthy and no-physiological tear film stable cohorts, 51 

showed variations in results depending on the study: no variations during the day or 52 

statistical different values at some point in the day (these differences could be in the 53 

middle of the day or between the beginning and the end of the day, with higher values 54 

in the morning than in the afternoon, or even the opposite situation). The possibility of 55 

diurnal variations in tear film osmolarity should be considered by the clinician since the 56 

time of day when the tear film measurements are made can be critical in making the 57 

right diagnosis. Future studies in the diurnal variation field may have to use a well-58 

established range of measurement time-points and a larger group of healthy and tear 59 

film altered by pathological or environmental conditions subjects. 60 

 61 
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The tear film is a highly specialized structure that covers the anterior conjunctivae and 75 

cornea, being essential to maintaining a healthy and functional visual system.1 It is a 76 

matrix-like structure composed of water, electrolytes, immunoglobulins, antimicrobial 77 

molecules and mucins, with a total volume of 7.0 ± 2.0 μl2,3 distributed over two main 78 

tear film layers: an outer lipid layer composed of lipids, and a second layer between the 79 

outer layer and the cornea composed by an aqueous-mucin gradient.4,5 Tear film 80 

dynamics is a highly complex process; good balance in its production, preservation and 81 

elimination, is vital to be able to fulfil its numerous roles and for the ocular surface 82 

health.6,7 Despite this, diurnal variations in tear film variables have not yet been 83 

established. Many eye and tear film physiological variables fluctuate throughout the 84 

day, such as intraocular pressure,8 corneal sensitivity,9 tear pH,10 the tear film 85 

stability,11-13 or tear film meniscus.14 In addition, those changes may be reflected in the 86 

symptomatology or the visual function experienced by patients (usually better in the 87 

morning and decline towards the evening).4,15 The possibility of diurnal variations in 88 

tear film variables should be taken into account by the clinician since the time of day 89 

when measurements are performed can be critical in making the right diagnosis.15  90 

 91 

Osmolarity in the dry eye 92 

Osmolarity is defined as the total number of dissolved solute particles in one kilogram 93 

of a solution, without consideration of the nature of the particles, that is, their shape, 94 

size, density, configuration, or charge.6 “Osmolality” (mOsm/kg) and “osmolarity” 95 

(mOsm/l) are two terms that are often used interchangeably when referring to dilute 96 

solutions. Tears and other biological solutions are mostly composed of water and 97 

therefore the two terms can be similar (the difference between osmolarity and 98 

osmolality is less than 5%).6,16 Consistent with the current literature in the field, the term 99 

“osmolarity” is used here.  100 

The measurement of tear film osmolarity has been suggested as a gold standard in the 101 

diagnosis of dry eye disease (DED).6,7 DED has recently been redefined by the Dry 102 

Eye Workshop II (DEWS-II)4,5 as “a multifactorial disease of the ocular surface 103 

characterized by a loss of homeostasis of the tear film, and accompanied by ocular 104 

symptoms, in which tear film instability and hyperosmolarity, ocular surface 105 

inflammation and damage, and neurosensory abnormalities play etiological roles.” 106 

Similar to the original DEWS report in 2007,11 the DEWS-II report reaffirmed that along 107 

with tear film instability, elevated tear film osmolarity is considered to be a core 108 

mechanism in symptoms of DED and ocular surface damage in this disease, 109 

regardless of the underlying aetiology.4,17 Hyperosmolarity in the tear film may occur as 110 

a result of increased evaporation or reduced aqueous secretion; both origins generate 111 
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a considerable impact on tear film dynamics and stability.6,7,18,19 The increase in the 112 

concentration of proteins and electrolytes caused by a reduction in tear volume that 113 

initially irritates the ocular surface goes on to cause inflammation and subsequent 114 

damage in evaporative dry eye, as thinning of the lipid layer allows for increased 115 

evaporation.18,19 Hyperosmolarity then induces apoptosis, which serves as pro-116 

inflammatory stress and reduces the ability of mucin-like molecules to lubricate the 117 

ocular surface that can permanently damage it.7,20 118 

It has been established that the normal tear film osmolarity value is around 299-301 119 

mOsm/l while in DED it reaches values of 325-340 mOsm/l.4,6,21-25 This variable is a 120 

way of capturing a single parameter in the status of the tear film,26 thereby providing a 121 

powerful tool in the diagnosis of tear film problems. There are several suggested cut-off 122 

values in the literature, ranging the principal them from 312 mOsm/l (79-94.7% 123 

sensitivity, 92-93.7 specificity), 316 mOsm/l (59-73% sensitivity, 65-94% specificity) to 124 

317 mOsm/l (78% sensitivity, 78% specificity), where a higher value represents the 125 

limit between healthy/early/mild forms of the disease and moderate/severe patients.6,21-126 

24,27,28 127 

In addition to the high values, DED subjects are characterized by an inherent tear film 128 

instability that generates high variability in tear osmolarity recordings over time.29-31 129 

Indeed, the variability of osmolarity or increasing variation with increasing value is a 130 

statistical characteristic of DED patients because of the heteroscedasticity and might 131 

be considered as a clinical indication of the loss of tear film homeostasis that occurs 132 

with dry eye.32 Actually, there is some controversy in how the tear film osmolarity value 133 

changes throughout the day.33-52 While diurnal variations in tear film parameters are 134 

important in the daily clinic, over the last four decades there have not been too many 135 

clinical studies focused on the study of osmolarity diurnal changes. It has been 136 

hypothesized that eye closure creates a hypo-osmotic environment generated by the 137 

reduction of tear evaporation, production, and drainage. In addition, previous studies 138 

have found variation in the evaporation rates upon awakening,53,54 with later 139 

stabilization probably because the reflex tears, the tear film stability or tear meniscus 140 

height.12-14,37,44 It is important to note that tear volume, evaporation, stability, and film 141 

osmolarity have shown a strong relationship.42,55 142 

The main aim of this brief review is to summarize the current clinical knowledge, 143 

methodologies, results, and conclusions in the tear film osmolarity diurnal variation 144 

pattern. For this purpose, the present review performs a critical analysis on sample size 145 

and characteristics, the differences in the diurnal osmolarity variation on healthy versus 146 

altered tear film conditions or environment eyes, and time of day and number of 147 

measurements done on studies published by platforms validated by a peer-review 148 
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process. To accomplish this analysis, the present review is divided into three main 149 

sections: 1) Analysis of study designs employed on the osmolarity diurnal variation 150 

assessment, 2) Report of osmolarity diurnal variation results found by studies, and 3) 151 

Clinical interpretation and implication. 152 

The mains terms used for the search process were osmotic diurnal variation, tear film 153 

diurnal variation, tear film osmolarity variation, diurnal tear film osmolarity, tear daytime 154 

variation and tear diurnal pattern. Only original studies until 2020 where one of the 155 

main objectives was the analysis of the variance in the tear film osmolar value along 156 

different time-points in one day on a human cohort were included. 157 

 158 

1. Analysis of study designs employed on the osmolarity diurnal variation 159 

assessment 160 

The comparison between the study protocols used by the different research analysed 161 

in the present review was focused on three central points of an experimental design for 162 

an assessment of clinical tear film osmolarity diurnal changes: 1) the number and time-163 

point measurement sessions studied during a day, 2) the measurement principle and 164 

instrument employed, and 3) the group of subjects or sample characteristics and size 165 

analysed. 166 

 167 

1.1 Measurement sessions 168 

There is no consensus in the time-point for the measurement session (from 6:00 am37 169 

to 10:00 pm),33 or also the interval between them (from 10-minute intervals34 to four/six-170 

hour intervals)49 (Table 1). In addition, some studies performed all the measurements 171 

in the same day,35,39,40,42,43,45,47,48,51,52,56 while others followed the progression over two 172 

days,37,46,50 or they repeated the protocol two consecutive days,38,41 three non-173 

consecutive days with 2- to 5-day intervals,49 or over a six-day period36 (Table 1). 174 

It is difficult to make a real comparison between osmolarity values when authors have 175 

not used the same measurement time or the same total range of hours. For example, 176 

two different studies which compare “morning vs. afternoon” did not take the 177 

measurements at the same time-point (from 6:00 to 12:00 am vs from 1:00 to 10:00 178 

pm); probably, differences between time-point chosen by the authors, and therefore 179 

studies, could be generated by the different “habits” existing in different countries or 180 

centres (work timetables, number, and schedules of meals, etc.) which may influence 181 

the protocols.  182 

 183 

1.2 Measurement principle and instrument 184 
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Several osmometers have been developed based on determining one of the four 185 

colligative properties of solutions, which are freezing point, boiling point, vapour 186 

pressure and osmotic pressure; few osmometer specifically designed for a clinical tear 187 

film osmolarity assessment are available on the market.6,57 Osmometers used in tear 188 

and other solutions during osmolarity assessment are based on the principle that the 189 

addition of a solute alters the chemical characteristics of a solvent and leads to a 190 

change in one of its colligative properties.6  191 

In the assessment of tear film osmolarity diurnal variation, the most common 192 

osmometer used was the TearLab (TearLab Corporation, San Diego, CA, USA),58-61 an 193 

impedance electric osmometer specific for tear film osmolarity measurement (Table 194 

1).39-45,47,48,51,52,56 Nowadays, there are only two tear osmolarity assessment specific 195 

osmometers available on the market, the TearLab osmometer and the i-Pen 196 

osmometer, both based on the electric impedance principle. Electrical impedance 197 

measurement has been shown as an accurate and repeatable technique for dry eye 198 

diagnosis;25,30,62,63 moreover, electrical impedance osmometers are more clinically 199 

accessible because do not take up as much space and do not require a large volume 200 

of tears on each measurement.  201 

In the second position, the other way commonly used to analyse osmolarity diurnal 202 

variations were various osmometers based on the freezing point depression 203 

principle,34-38,49,50 such as the Clifton Osmometer (Clifton Technical Physics, Hartford, 204 

NY),22,64,65 the Advanced Tear Osmometer (Advanced Instruments Inc., Norwood, 205 

MA),66,67 the Fiske 210 osmometer (Advanced Instruments Inc., Norwood, MA)68,69 or 206 

the Multi-OSMETTE 2430 osmometers (Precision Systems, Inc., Natick, MA, USA)46,50 207 

(Table 1). Except for the Advanced Tear Osmometer66,67 (no longer available on the 208 

European market) in the Dalton et al. study,38 none of those osmometers are specific to 209 

tear film osmolarity clinical assessment (all of them were regular laboratory 210 

osmometers).34,35,37,46 Classically, freezing point depression was the most common 211 

method used for measuring osmolarity.6,22,33-37,60,70 However, as stated earlier, there is 212 

no longer a tear specific osmometer available based on this principle. Even though it 213 

also has shown high repeatability in non-tear specific osmometers available based on 214 

freezing point depression techniques, some of them have shown lower values than 215 

those commonly reported in the literature.49,68,69,71 There is some controversy in the 216 

relationship between the values obtained by both techniques, electrical impedance and 217 

freezing point depression based osmometers: some studies reported a perfect 218 

relationship between them,22,62 while others found significant differences in their 219 

results.68,69 Hence, it is difficult to perform a direct comparison between the results 220 
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obtained in studies using these two different techniques. On the other hand, electric 221 

impedance showed to be equivalent to vapour pressure measurements.63 222 

On the tear film osmolarity daytime variation, only one study, Terry and Hill,33 have 223 

used a vapour pressure osmometer (osmometer type and brand non mentioned in the 224 

publication) (Table 1). 225 

Not all the devices employed in the different research studies used the same amount of 226 

tear sample; those differences could imply some errors in the final value because of the 227 

collection, dilution, or evaporation processes during a measurement.58,68,71This may 228 

generate some differences in the final results of the studies and a limitation for a real 229 

comparison between exact values depending on the device employed.22,62,68 230 

 231 

1.3 Sample size and characteristics and size 232 

The sample size studied shows a high variation between studies: from only two 233 

subjects in a study done in the year 1986,36 to a higher sample on studies performed in 234 

the last fifteen years where groups of forty-fifty participants could be found (Table 235 

1).38,40,45,51 On those late studies, samples were divided into same-sized groups of 236 

healthy and ocular surface disease or under environmental alteration conditions 237 

participants (Table 1).38,40,45,51 An exception to this “higher sample trend” was a study 238 

from 2020 where only 10 subjects (4 healthy, 4 DED and 2 CLW participants) were 239 

enrolled.52 A larger population study, both healthy and pathological/environmental tear 240 

film altered subjects, may be required to detect a true daily osmolarity pattern and the 241 

differences between the tear osmolarity of dry eye subjects and healthy subjects. The 242 

DEWW-II report in the “Diagnostic Methodology” chapter recommends a minimum 243 

sample of 15 participants per group on tear film osmolarity assessment studies in order 244 

to obtain reliable study results.4 The sample size used may be probably limited in all 245 

the studies by the difficulty to enrol participants from the beginning to the end of one or 246 

more days: the investigator should observe or watch over all subjects throughout the 247 

study period to avoid any activity that could influence the ocular surface and tear film 248 

(such as a video device use, reading a book, or sports and other activities that induce 249 

excessive sweating or stimulate the autonomic nervous system).72 250 

It has been established that healthy and pathological subjects show different tear 251 

osmolarity values.6,21-24,27,46,73 In diurnal osmolarity variations assessment, most of the 252 

studies were focused on healthy subjects (healthy or non-contact lens wearers [non-253 

CLW]),33-38,41,44,46,49,52,56 and less in subjects with altered tear film conditions or 254 

environment (pathological, contact lens wearers [CLW] or in biological stress situation 255 

subjects) (Table 1).39,40,42,45-48,50-52 256 
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Another important characteristic to consider when a study sample group is designed on 257 

any kind of tear film research study should be avoided to the gender- or age-related 258 

changes.74,75 Whereas most of the studies are focused on subjects between 20 and 40 259 

years old (young adults and adults),33-37,40,42,44,46,47,49,50,56 not all of them made a point if 260 

the studied subjects were young, adults or older participants.38,39,48,51 It has been 261 

reported that tear film function declines throughout life, and test results change with the 262 

advancing of age, especially those related to tear film stability (the other core 263 

mechanism in DED together with tear osmolarity), osmolarity and evaporation.74,76,77 264 

Only one study, Lee et al.,50 used a one-gender group, a sample group of 20 males, 265 

the rest used women/men in a mixed sample; in some cases, the number of 266 

women/men sampled is very unbalanced, with a higher number of women than 267 

men.45,49 On the other hand, gender was commonly related to dry eye status, where 268 

women are more likely to report dry eye symptoms or problems than men (steroid 269 

hormones play an important role in the ocular surface equilibrium and function).78,79 270 

 271 

2. Osmolarity diurnal variation results found by the compared studies 272 

As a general profile, both healthy subjects and participants with altered tear film 273 

conditions by pathologies or environmental situations osmolarity values obtained in the 274 

reviewed studies were in concordance with those reported in the relevant review 275 

publications and the DEWS report4,6,21-24,27 (mean ± SD values = from 285 ± 2.4 to 331 276 

± 3.7 mOsm; Tables 2 and 3). Only one study, Garcia et al.,49 reported lower values 277 

than the others,33-47,50,51 or the values widely assumed by the literature as 278 

“common”4,6,21-24,27 (mean ± SD = 270.00 ± 4.4 mOsm/kg; Tables 2 and 3). As the 279 

authors of this study explained in their discussion section, this may be caused by the 280 

technique employed for tear sample collection (capillary tube instead of a Whatman 281 

strip or a directly take through capillary action by a probe of a tear specific osmometer), 282 

the dilution and the frozen point depression process used, or the participant’s age and 283 

sex (17 young females in a total group of 24 subjects). It is important to note that the 284 

low values reported in this study were similar to those obtained with a similar procedure 285 

(tear sample collected by a capillary tube and measured by freezing point depression 286 

osmometer non-tear specific) in three other recent studies where non-diurnal variation 287 

was analysed.68,69,71 288 

 289 

2.1 Studies that do not report a difference in tear film osmolar diurnal variation 290 

Most of the studies healthy subjects were enrolled and did not show variation in the 291 

diurnal osmolarity pattern (diurnal values between 285 ±2.4 and 310 ± 5.7 mOsm, 292 

Table 2);33,35,37-39,41-43,45,49-51 it has been reported that consecutive measurements of the 293 



9 
 

 
 

tear film osmolarity of healthy subjects in short periods showed a lower variability, 294 

contrary to those measurements made in DED.25,80 In addition, when an inter-day 295 

analysis was performed on healthy studies found no significant differences in the mean 296 

value obtained at the same point-time between different days over consecutive (303.2 297 

±4.8 vs 302.9 ±3.1 mOsm at 2:00 pm)50 and non-consecutive49 days (mean value from 298 

the six visits 270 ±4.4 mOsm).  299 

Like in healthy cohorts, subjects that are pathological or in physiological stress (DED, 300 

medicated or sleep-deprived subjects) also showed some variations in results 301 

depending on the study. Contrary to the healthy cohort, few studies showed no 302 

variations during the day in subjects with an altered tear film by conditions or 303 

environment (diurnal values between 304 ±10.8 and 319.65 ±15.8 mOsm, Table 3).42,45 304 

It is important to note that values reported on those cohorts of subjets by the different 305 

studies were in most of the cases over those values commonly used as cut-off criteria 306 

to differentiate healthy and pathological subjects - 312, 316 or 317.6,22,23,55 Similar 307 

situation as occurring with pathological subjects was reported in CLW (with and without 308 

keratoconus), with no variation between the morning and afternoon in some studies 309 

(diurnal values between 281 ±7.07 and 340 ±15.6 mOsm, Table 3).39,40,48,51 310 

 311 

2.2 Studies that report a difference in tear film osmolar diurnal variation 312 

Some studies where healthy subjects were enrolled found show variation in the diurnal 313 

osmolarity pattern, where half of them were performed after 2005 or without an specific 314 

designed to tear film assessment osmometer (diurnal values between 296.48 ±12.9 315 

and 318 ±31 mOsm, Table 2);34,36,38,42,46,56 when differences between some 316 

measurement points were found, these could be in the middle of the day;42 or between 317 

the beginning and the end of the day, with higher values in the morning than in the 318 

afternoon,38 or even the opposite situation (Table 2).34,38,46 Similar to healthy subjects, 319 

different values at some point in the day were reported in pathological or in biological 320 

stress situation subjects (diurnal values between 295.5 ±6.2 and 331 ±3.7mOsm, Table 321 

3).42,46,50 However, in contrasts to the healthy subjects, pathological patients showed 322 

variations in the inter-day analysis (300.1 ±3.8 vs. 302.2 ±4.5 at 2:00 pm).50 Dry eye is 323 

characterized by an inherent tear film instability that generates high variability in tear 324 

osmolarity recordings over time.29-31 DED subjects show higher tear variation over time 325 

than observed in healthy subjects on consecutive measurements.25,30,80 This variability 326 

could be found in inter-eye difference, which is correlated with disease severity and has 327 

been proposed as a diagnostic indicator of this disease.29,31,81,82 328 

The same situation as occurs with pathological subjects was reported in CLW, with 329 

different values at some point in the day (diurnal values between 292.2 ±5.4 and 340 330 
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±15.6 mOsm, Table 3).40,47,51 The insertion of contact lenses leads to an initial 331 

reduction in tear film osmolality followed by a hyperosmolarity phase,6,48 and it can be 332 

assumed that different contact lenses materials with different chemical properties or 333 

hydrations may have a different impact on the tear film osmolarity.39,40,47,48,51 In addition, 334 

the osmolality of soft contact lens solutions or blister packaging solutions may also play 335 

a role in the tear film hyperosmolarity,83-85 an increment in the osmolarity value that 336 

could be more relevant when storage case or multipurpose solutions are not used 337 

properly.86-88 338 

 339 

2.3 Studies that compare detail the various conditions 340 

Although there is some controversy over diurnal tear film osmolarity, the osmolarity 341 

variable value has been observed to differ between healthy individuals and those 342 

pathological or in a “non-physiological balanced situation”. Some of the reviewed 343 

studies also made a comparison of the results obtained in the healthy subjects and 344 

participants with an altered tear film by conditions or environment at each time point, 345 

reporting different findings. One study reported daily variation only in the healthy group 346 

and not in the DED participants, and found no significant differences between both 347 

groups at any of the time-points analysed.42 On the other hand, another study that 348 

reported no variation in any moment of the day, found statistically significantly higher 349 

values in pathological subjects than those in the control group 45,50 (Tables 2 and 3). No 350 

statistical differences were found between CLW versus non-CLW for the morning 351 

(values between 292.9 ± 6.1 and 303.32 ± 10.41 mOsm/l on CLW while between 292.1 352 

± 6.1 and 296.90 ± 8.51 mOsm/l on non-CLW) or afternoon readings (values between 353 

293.9 ± 6.3 and 300.10 ± 10.51 on CLW while between 292.3 ± 4.1 and 298.90 ± 8.71 354 

mOsm/l on non-CLW),39,51 whereas there are statistical differences on the midday time-355 

point (values between 293.9 ± 6.3 and 294.2 ± 6.2 on CLW while between 292.3 ± 4.1 356 

and 293.3 ± 4.9 mOsm/l on non-CLW)51 (Tables 2 and 3). 357 

 358 

3. Clinical interpretation and implication 359 

On the present revision, it can be found studies which report that upon awakening, 360 

osmolarity is in its lower values,33,37,39,44,46 but reaches a nearly stable profile during the 361 

day within a few minutes (Table 2). This may have a clinical implication such clinicians 362 

should avoid performing measurements right before awakening or wait near to 40-60 363 

min to use values for diagnosis. It has been hypothesized that eye closure creates a 364 

hypo-osmotic environment generated by the reduction of tear evaporation, production, 365 

and drainage.37,44 Because of that, tear film osmolarity is in its lower values upon eyelid 366 

opening.33,37,44 Then, in the afternoon it rises to “standard” values33-35,37-39,41,42,44,45,50 367 



11 
 

 
 

caused by an increase in evaporation (suggested as the main cause for tear film 368 

thinning and volume decreasing)18,89-91 as the eye responds to the relative variations on 369 

the surrounding conditions. In concordance with this theory, Tomlinson and 370 

Cedarstaff53 found that in healthy patients’ evaporation is at its lowest immediately 371 

upon waking, then rises rapidly within the first 2 hours, and remains constant for the 372 

next 12 hours in a fairly narrow range of evaporation rate values. Similar results were 373 

found by Wojtowicz et al.54 on aqueous tear evaporation in healthy subjects who 374 

concluded that evaporation rates at the two studied day-points were essentially equal. 375 

Tomlinson and Cedarstaff53 also attributed this initial low tear evaporation upon 376 

awakening profile to a low human tear production on awakening and/or tear stability 377 

being high at this time because of a thick lipid layer. Therefore, it is expected to find 378 

higher osmolarity values in the afternoon than in the morning, even in healthy 379 

individuals with regular tear values due to greater opportunity for evaporation from the 380 

tear film with an increasing number of waking hours.35 Healthy and DED subjects have 381 

reported that many symptoms worsened over the day within two hours of getting up in 382 

the morning and at the end of the day, suggesting an environment- or task-related 383 

aetiology for dry eye symptoms.92,93  384 

Another explanation proposed by Niimi et al.44 for these lower values at the beginning 385 

of the day and the later stabilization is the reflex tears induced by eye-opening. Reflex 386 

tearing occurs upon awakening as a protective mechanism to wash out unwanted 387 

substances accumulated during overnight eye closure.94 This reflex leads to an 388 

increase in tear meniscus height (TMH) immediately after eye-opening in the morning 389 

that recovers to baseline approximately 30 minutes after awakening.14 Tear meniscus 390 

is directly related to the total tear film volume since it has been estimated that it holds 391 

75-90% of the total tear film volume.42,95-97 Tear meniscus and tear film osmolarity have 392 

shown a strong relationship.55 Li et al.42 analysed the diurnal variation in the osmolarity 393 

and different tear meniscus parameters in DED and healthy subjects, and both 394 

variables showed a near to stable profile and a significant correlation between them. In 395 

concordance with these results, Lira et al.98 found in healthy subjects no statistical 396 

differences in the TMH parameter and another volume test (Schirmer test) between the 397 

morning and evening measurements. In addition to all of these results, in the Montana 398 

reports on CLW,47,48 it is reported that TMH values vary in the same direction as the 399 

osmolarity throughout the day: when osmolarity raises the TMH tends to decrease, and 400 

when the osmolarity goes down the THM increase. This data shows that in the healthy 401 

subject the whole tear system can compensate for changes in the environment to 402 

maintain a very stable osmolarity. However, in dry eye subjects, that ability to 403 

compensate is lost and the osmolarity rises concurrently with epithelial stress and 404 
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inflammation. From a clinical point of view, similar to previous purposes about inter-eye 405 

differences or the variation of consecutive measurements in a small period of time as 406 

indicators of tear film physiological instability (e.g., DED condition),4,21,30,31 inter- or 407 

intra-day variations may be used as a diagnostic indicator to differentiate between 408 

healthy and no-healthy tear film. 409 

In addition to volume or evaporation rate, the other core mechanism of the DED in 410 

close relationship with the osmolarity is the tear film stability.11 Patel et al.12 examined 411 

tear film stability using a keratometer in healthy young subjects (2-hour intervals 412 

between 8:00 am and 8:00 pm 9 times per session) and found in concordance with the 413 

osmolarity that at the beginning of the day tear film stability starts at lower values but 414 

quickly stabilizes for the rest of the day. Similar results were found by Walker et al.13 415 

with the tear film break-up test (BUT) in patients with DED in two 6 hours apart 416 

sessions, Bitton et al.99 with non-invasive break-up time (NIBUT) in healthy subjects 417 

into a four-session two days apart protocol, and Pena-Verdeal et al.100 with BUT in 418 

healthy patients along a four-session protocol for one day: there were no significant 419 

differences in tear film stability between morning and evening measurements. This 420 

instability at the beginning of the day may be related to the high evaporation rates, and 421 

therefore, hyperosmolarity. 422 

 423 

CONCLUSION 424 

In summary, tear film osmolarity does appear to be somewhat influenced by the time of 425 

day in healthy and tear film altered by environment or pathologies patients. Both, 426 

healthy and no-physiological tear film stables cohorts, showed variations in results 427 

depending on the study: no variations during the day, or statistical different values at 428 

some point in the day; these differences could be in the middle of the day or between 429 

the beginning and the end of the day, with higher values in the morning than in the 430 

afternoon, or even the opposite situation. To prevent some influence on these little 431 

diurnal variations, clinicians may take the osmolarity measurements at the same time 432 

of day in the following session to be able to compare the values between patients. 433 

Future studies in the diurnal variation field may have to use a well-established range of 434 

measurement time-points and a larger group of healthy and no-healthy subjects. 435 
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Table 1. Summary of the principal protocols in tear film osmolarity diurnal variation analysis reported by the literature. VP: Vapour Pressure. FPD: Freezing 693 
Point Depression. EI: Electric Impedance. LO: Laboratory Osmometer. TFO: Tear Film Osmometer. CLW: Contact Lens Wearer. KC: Keratoconus. SD: 694 

Sleep-Deprived. *Measurement time not reported. 695 
 696 

Year Authors 
Instrument  

Study group Measurement session 
Principle Name Design 

1978 Terry and Hill 33 VP No detailed LO 6 healthy 1-hour interval from 9:00 am to 10:00 pm (five-day period) 

1983 Benjamin and Hill 34 FPD No detailed LO 6 healthy 10-minute intervals from 7:30 am to 4:30 pm approximately (8.5-hours period reported) 

1986 Farris et al. 35 FPD 
Clifton 

Technical Physics 
LO 13 healthy 

Three measurements during morning visits and three during afternoon visits on the 
same day* 

1986 Benjamin and Hill 36 FPD No detailed LO 2 healthy 1-hour interval from 8:00 am to 4:00 pm (six-day period) 

1991 Gilbard et al.37 FPD No detailed LO 4 healthy 6:00 am, 9:00 am and 9:00 pm (and the following day at 6:00 am and at 9:00 pm) 

2005 Dalton and Jones38 FPD 
Advanced 

Tear Osmometer 
TFO 40 healthy 9:00 am, 12:00 pm and 4:00 pm (two consecutive days) 

2011 Dimit et al.39 EI TearLab TFO 
- healthy 
- CLW 

1 hour-lens wearing in the morning, and around seven hours later in the afternoon* 

2011 Montani 40 EI TearLab TFO 50 DED + CLW Baseline previous CL fitting and after 7 hours of wear* 

2012 Khanal and Millar 41 EI TearLab TFO 5 healthy 9:00 am,12:00am-1:00 pm and 4:00-4:30 pm (two consecutive days) 

2012 Li et al. 42 EI TearLab TFO 
10 healthy /10 

DED 
8:30 am,10:30 am, 12:30 pm, 2:30 pm and 4:30 pm 

2012 Oncel et al. 43 EI TearLab TFO 30 healthy 8:00 am, 11:00 am, 2:00 pm and 5:00 pm 

2013 Niimi et al. 44 EI TearLab TFO 38 healthy 
Upon awakening, 20 minutes, 40 minutes, 1 hour, 2 hours, 4 hours, and 8 hours after 

awakening* 

2013 Yiğit et al. 45 EI TearLab TFO 
20 healthy / 20 

DED 
8:00 am, 11:00 am, 2:00 pm and 5:00 pm 

2013 Kim et al. 46 FPD 
Multi- 

OSMETTE 2430 
LO 

10 healthy / 10 
medicated 

10:00 pm, 12:00 pm, and at 6:00 pm and 10:00 pm the following day 

2014 Montani 47 EI TearLab TFO 30 CLW Baseline previous CL fitting, 10 minutes, and 7 hours after fitting* 

2014 Montani 48 EI TearLab TFO 12 KC + CLW Baseline previous CL fitting, 20 minutes, and 7 hours after fitting* 

2014 Garcia et al. 49 FPD 
Fiske 

210 osmometer 
LO 26 healthy 

11:00 am-1:00 pm and 5:00 pm-7:00 pm (three non-consecutive days with 2- to 5-day 
intervals) 

2014 Lee et al. 50 FPD 
Multi- 

OSMETTE 2430 
LO 

10 healthy /10 
SD 

2:00 pm and 10:00 pm, and at 6:00 am and 2:00 pm the following day 

2015 Bayhan et al. 51 EI TearLab TFO 
20 healthy / 20 

CLW 
8:00 am, 10:00 am, 1:00 pm and 4:00 pm 

2020 Pena-Verdeal et al. 56 EI TearLab TFO 25 healthy 9:30 am and 6:30 pm 

2020 Van Setten 52 EI TearLab TFO 
4 healthy /  

4 DED / 2 CLW 
8:00-10:00 am, 2:00 pm and 3:00-5:00 pm 
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Table 2. Mean ± Standard Deviation (range) of tear film osmolality in healthy subjects for the different time-point reported in the literature. 697 
*Exact data for each time-point not available or measurement time not reported. 698 

Year Authors Units Awake am pm 
Immediately 20 min 40 min 6:00 7:30 8:00-8:30 9:00-9:30 10:00 11:00 12:00 1:00 2:00 4:00-4:30 5:00 6:00-6:30 7:00 9:00 10:00 

1978 
Terry and 

Hill 33 
mOsm/kg 

285 ±2.4 
(282–288) 

      310 ± 5.7 (299 - 323)*  

1983 
Benjamin 
And Hill 34 

mOsm/kg     318 ±31 (231-446)*      

1986 
Farris 
et al. 35 

mOsm/l    306 ±7 (295–316)* 308 ± 8 (297–320)* 

1986 
Benjamin 
And Hill 36 

mOsm/kg       
315– 
348 

343- 337 
335- 
343 

325- 
326 

314- 
321 

313- 
373 

307- 
360 

328- 
334 

     

1991 
Gilbard 
et al.37 

mOsm/l 
(296– 
299) 

  
(296– 
299) 

  
(300– 
306) 

         
(300– 
308) 

 

2005 
Dalton and 

Jones38 
mOsm/kg       306.1 ±11.9 (266–349)*      

2011 
Dimit 
et al.39 

mOsm/l    296.90 ±8.51* 298.90 ±8.71*  

2012 
Khanal and 

Millar 41 
mOsm/l       310.96 (286–356)*      

2012 
Li 

et al. 42 
mOsm/l      298 ±14.2 (278 – 342)*      

2013 
Niimi 

et al. 44 
mOsm/l 

264 
±14 

287 
±10 

292 
±16 

293 ±12 / 297 ±1* 

2013 
Yiğit 

et al. 45 
mOsm/l      

302.5 
±12.53 

  
301.7 
±9.64 

  
299.85 
±6.98 

 
299.55 
±10.1 

    

2013 
Kim et  
al. 46 

mOsm/kg        
295.8 ±6.3 
299.3 ±4.3 

 299.2 ±6.0     306.3 ±5.0    

2014 
Garcia 
et al. 49 

mOsm/kg         270.00 ±4.4*   270 ±4.4*   

2014 
Lee 

et al. 50 
mOsm/kg  

309.2 
±2.4 

 
309.2 
±2.4 

       
303.2 ±4.8 
302.9 ±3.1 

     
303.7 
±4.4 

2015 
Bayhan 
et al. 51 

mOsm/l      

293.2 
±6.4 
294.0 
±6.3 

 
292.3 ±6.3 
292.1 ±6.1 

 
290.6 ±5.1 
292.4 ±6.7 

  
292.3 ±4.1 
293.3 ±4.9 

     

2020 
Pena-Verdeal 

et al. 56 
mOsm/l       

309.96 
±9.0 

       
296.48 
±12.9 

   

2020 Van Setten 52 mOsm/l      305 (302 - 307)    
298 (288 - 

303) 
317 (304 - 340)     
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Table 3. Mean ± Standard Deviation (range) of tear film osmolality in subjects with altered tear film conditions or environment for the different 699 
time-point reported in the literature. CLW: Contact Lens Wearer. DED: Dry Eye Disease. KC: Keratoconus. SD: Sleep-Deprived. SiHy: Silicone 700 

hydrogel contact lenses. CHy: conventional hydrogel contact lenses. RGP: Rigid gas permeable lens. *Exact data for each time-point not 701 
available or measurement time not reported. 702 

 703 

Year Authors Units 
Study  
group 

am pm 
6:00 7:30 8:00-8:30 9:00 10:00 11:00 12:.00 1:00 2:00 4:00-4:30 5:00 6:00 7:00 9:00 10:00 

2011 
Dimit  

et al. 39 
mOsm/l CLW (SiHy) 303.32 ±8.41* 300.10 ±10.51* 

2011 Montani 40 mOsm/l 

DED +  
CLW (CHy) 

323 ±4.3* 325 ±13.3* 

DED +  
CLW (CHy) 

323 ±4* 340 ±15.6* 

2012 
Li  

et al. 42 
mOsm/l DED   304 ±10.8 (287 – 342)*      

2013 
Yiğit  

et al. 45 
mOsm/l DED   

319.65 
±15.8 

  
314.55 
±13.02 

  
317.95 
±14.72 

 
316.3 

±15.32 
    

2013 Kim et al. 46 mOsm/kg 
Medicated 
(Ambroxol) 

    
295.5 ±6.2 
298.3 ±6.6 

 297.3 ±7.0     
311.8 
±5.6 

   

2014 Montani 47 mOsm/l CLW (SiHy) 303 ±8.83* - 303 ±18.74* 321 ±23.12* 

2014 Montani 48 mOsm/l 
KC +  

CLW (RGP) 
295 ±10.84* - 281 ±7.07* 298 ±5.86* 

2014 
Lee  

et al. 50 
mOsm/kg SD 331 ±3.7        

300.1 ±3.8 
302.2 ±4.5 

     
303.2 

±4 

2015 
Bayhan  
et al. 51 

mOsm/l CLW (SiHy)   
292.2 ±5.4 
292.9 ±6.1 

 
294.5 ±6.8 
294.6 ±5.9 

 
303.4 ±6.6 
303.4 ±6.2 

  
294.2 ±6.2 
293.9 ±6.3 

     

2020 Van Setten 52 mOsm/l 
DED   350 (334 - 390)    

398 (301 - 
354) 

327 (303 - 359)     

CLW   296    304 316     

 704 
 705 

  706 
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Table 4. Summary of the principal finding in tear film osmolarity diurnal variation analysis reported by the literature. CLW: Contact Lens Wearer. 707 
DED: Dry Eye Disease. 708 

Year Authors Conclusion Main limitations to the conclusions 

1978 Terry and Hill 33 Tear osmolarity was not affected by the time of the day in this normal cohort of patients 
No Specific tear film osmometer, small 

sample analysed 

1983 Benjamin and Hill 34 There was an overall trend during the day towards increased hyper tonicity 
No Specific tear film osmometer, small 

sample analysed 

1986 Farris et al. 35 There was no significant difference in the means in the healthy group during the morning and afternoon measurements 
No Specific tear film osmometer, small 

sample analysed, wide time range 
stablished on time-point 

1986  Benjamin and Hill 36 There were variation on the osmolarity over the day 
No Specific tear film osmometer, small 

sample analysed 

1991 Gilbard et al. 37 Tear osmolarity was not affected by the time of day in this normal cohort of patients 
No Specific tear film osmometer, small 

sample analysed 

2005 Dalton and Jones38 Average tear film osmolality varies little over the day, but individual variations may be significant - 

2011 Dimit et al. 39 There was no statistical significance between morning and afternoon visits for either CLW or non-CLW Sample not size not right described 

2011 Montani 40 Lenses made from different materials can have a different impact on the daily tear film osmolarity - 

2012 Khanal and Millar 41 No diurnal variation was observed in the average readings for tear osmolarity - 

2012 Li et al. 42 
Variations in the tear osmolarity of individual DED and healthy subjects were documented during an 8-hour daytime 

period 
Small sample analysed 

2012 Oncel et al. 43 In normal subjects, tear osmolarity seems to have a stable profile during the daytime Small sample analysed 

2013 Niimi et al. 44 
Diurnal variation on healthy subjects significantly changes upon awakening and remains relatively constant throughout 

most of the day 
Small sample analysed 

2013 Yiğit et al. 45 There was no significant change in daytime variations of the tear osmolarity in dry eye patients and healthy subjects - 

2013 Kim et al. 46 
Tear osmolality in healthy and medicated groups increased at 6 pm and returned to the baseline value the next morning 

(although osmolarity in the medicated group was significantly higher than that in the control group) 
No Specific tear film osmometer, small 

sample analysed 

2014 Montani 47 
After wearing a silicone hydrogel contact lens tear osmolarity increased compared to baseline and measurements done 

after the fitting. 
No control group 

2014 Montani 48 
In adapted patients to RGP contact lens an initial decrease in tear osmolarity in contact lens insertion followed by a 

return towards baseline values after wearing 
No control group, small sample analysed 

2014 Garcia et al. 49 There were no significant differences between different days and the times of day 
No Specific tear film osmometer, wide 

time range stablished on time-point 

2014 Lee et al. 50 Sleep deprivation induced tear hyperosmolarity over normal healthy subjects 
No Specific tear film assessment 

osmometer, small sample analysed 

2015 Bayhan et al. 51 
Tear osmolarity increases within the first hours of CLW, and instillation of osmoprotective eye drops prevents this 

increment 
- 

2020 Pena-Verdeal et al. 56 Tear film osmolarity does appear to have some influence by the time of day in healthy patients. - 

2020 Van Setten 52 
Daily variation in osmolarity, maximal amplitude of osmotic variation, frequency of osmotic cycles, the level of osmolarity 

at which the variation does occurs could be the main factors that further characterize osmokinetics.  
Small sample analysed; wide time range 

stablished on time-point 



25 
 

 
 

 709 


