Thirty-Five Years Trend in the Prevalence of Refractive Error in Austrian Conscripts based on 1.5 million participants
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Synopsis

In Austrian conscripts prevalence of myopia nearly doubled from 1983 to 2017. It was constantly lower, yet increased more rapidly among those with low education levels
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ABSTRACT 
Background: To quantify the current burden of myopia and hyperopia in Austrian young men, and the time trend of myopia in the past 35 years by individual and social correlates.
Method: We included data on all Austrian military conscripts from 1983 to 2017 (n=1,507,063) from six medical investigation stations. Young men provided data on education, weight and height for calculating body mass index, blood pressure, and resting heart rate. Non-cycloplegic refractions were measured by an autorefractometer. Spherical equivalent (SE) was calculated by standard formula (sphere + cylinder/2, unit diopters (D)). Myopic refractive error was defined as <-0.5 D). Hyperopic refractive error was defined as >0.5 D. 
Results: The largest burden of refractive error in Austria is myopia, which rose from 13.8% to 24.4% over 35 years, with less than 5% hyperopic population. Over time, the prevalence of myopia was constantly lower, yet increased more rapidly among those with low education levels (11.4% to 21.7%) compared to those with higher education (24.5% to 29.6%) in all medical investigation stations. We found consistent associations of some unfavourable health indicators (underweight: ORs 1.1 to 1.4, higher resting heart rate: all P-trend <.001) with higher myopia prevalence, which point toward lifestyle factors playing an important role in the development of myopia. 
Conclusion: Primary preventive measures are needed to curb the observed trend in myopia among Austrian young men. Future research should investigate the impact of modifiable factors on myopia development and progression, particularly lifestyle factors that are dramatically shifting. 
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INTRODUCTION
Refractive errors occur when a mismatch of the axial length and the refractive power of the eye prevents light from focusing directly on the retina, resulting in a blurred image. Myopia, hyperopia, and astigmatism are common forms of refractive errors (1). Despite a number of correction approaches which are available, i.e., spectacles, contact lenses or refractive surgery, uncorrected refractive error appears prevalent in both developing and developed countries (1) and may induce productivity loss (2, 3). More importantly, refractive error is associated with higher risks of developing later life visual impairments in spite of correction, such as glaucoma, age-related macular degeneration, and myopic macular degeneration (4). Although the strongest risk of such impairment is carried with high myopia, low and medium myopia can progress to high myopia and exhibit significant risk in developing later life glaucoma (5, 6). 
Globally, the majority of research has focused on the high prevalence of myopia and its urban/rural disparity in East Asian countries (up to 80-90%) (7-10), with some controversies regarding hyperopia (11). A recent investigation has reported considerable high (23.5%), more importantly, increasing prevalence of myopia in Europe (the European Eye Epidemiology Consortium, the E3 Consortium) (1). 
The correction of refractive error, potential productivity loss due to uncorrected refractive error, and treatment for later life visual impairment can cause considerable economics and health care burden (4, 12). Therefore, myopia prevention has become an international public health priority (13). To the best of our knowledge, no study has reported epidemiology of refractive error using routinely collected national data over a long period.
To fill this knowledge gap, we aim to quantify the time trend in the prevalence of refractive error in young men over three and half decades using the health examination data from Austrian conscripts. Secondary aim was to explore if the time trend in refractive error differ by individual and social factors to inform medical practice and public health policy.



METHODS
Study population
In the year of reaching age 18, all Austrian men are obligated to serve military or alternative service with compulsory medical investigations, of which data was obtained and used for this study. The medical investigation procedure of Austria military conscription has been previously detailed elsewhere (14-17). In brief, the dataset contains anonymized data on all young men in Austria in the year they complete 18th year of life at each year’s compulsory medical investigation. Therefore, this data set represents the total population. Due to the potential influence of age on myopia, conscripts who were 19 or older at the time of medical investigation were excluded for the present analyses. We included young men who have complete data on education, weight and height, blood pressure, resting heart rate, provinces of residence and valid data to calculate spherical equivalent from 1983 conscript cohort to 2017 conscript cohort (9.6% missing). The study design and conduct of the research obtained approval from the Medical University of Vienna Ethics Review Board (ECS 1393/2018).  
Refractive error
Non-cycloplegic refractions were routinely measured by an acuity tester (Maico, Germany; most recent model: Maico Titmus V4) during the medical investigation at conscription during the last most recent years. Unfortunately, there is no specific information available how refraction was measured the years before and the model of the device as well as way of measuring non-cycloplegic refractions may have differed over time. A total number of six stations in Austria facilitate conscription medical investigation covering 9 provinces: Burgenland + Vienna, Carinthia + Salzburg, Tyrol + Vorarlberg, Styria, Upper Austria, and Lower Austria. These routinely collected data were stored in the electronic system over the medical investigation stations, and were centralized at the Ministry of Defence, Austria. Data on sphere and cylinder of left eyes were used to calculate the spherical equivalent (SE) following the standard formula (SE=sphere + cylinder/2, unit diopters (D)). Refractive error was defined as myopia (< -0.5 D) or hyperopia (> 0.5 D) (11). 
Individual and social factors
For exploratory analyses, we retrieved data on a range of individual characteristics  including height, weight, blood pressure, resting heart rate, and education. 
Height and weight were measured following standard procedures and were carried out by trained technicians using standardized equipment, with Austrian conscripts wearing underwear and no shoes. Height was measured using a standard anthropometer, and body weight was determined to the nearest 100g on calibrated scales (14, 17, 18). Body mass index (BMI) was calculated as weight in kg/(height in meters)2. The age range of the Austrian conscripts is round the upper limit of the US Centers for Disease Control and Prevention growth chart which provides each BMI with a corresponding BMI-for-age percentile (2-19 years) (19). This approach uses the 5th, 85th and 95th percentiles to define weight category: below 5th percentile (underweight); 5th-<85th percentiles (normal weight); 85th-<95th percentile (overweight) and ≥95th (obese). In our study sample, the corresponding BMI for these percentiles were 18.3, 26.0, and 30.0 kg/m2, which approximate the standard BMI categories cut-off in adults (≥20 years). Therefore, we categorized study participants into standard BMI categories: underweight (<18.5kg/m2), normal weight (18.5-<25 kg/m2), overweight (25-<30 kg/m2), and obese (≥30.0-60 kg/m2). 
Resting heart rate was recorded using electrocardiogram (ECG, Schiller, Switzerland) with the young men in a lying position to undergo resting electrocardiography assessment. All men were rested for at least 3 minutes before the assessment was taken, required resting heart rate to be lower than 110 beats per minutes (1.49% over 110 bpm excluded). Resting heart rate was classified into three groups using the 10th and 90th percentiles: 40-59; 60-94; and 95-110 beats per minute.
Blood pressure was taken with young men in a sitting position using standard devices (Riester minimus® II and/or III, Germany; Riester precisa /N, Germany; Boso clinicus 2, Germany; Boso clinicus K1, Germany). Based on the 2017 American College of Cardiology and American Heart Association high blood pressure guideline, blood pressure were defined as normal: Less than 120/80 mm Hg; elevated: Systolic between 120-129 and diastolic less than 80; stage 1 hypertension: Systolic between 130-139 or diastolic between 80-89; and stage 2 hypertension: Systolic at least 140 or diastolic at least 90 mm Hg (20). 
Education was classified into four categories: low (lower than 9 years of compulsory school); medium (completed compulsory school); high (graduated from professional training or served an apprenticeship); and very high (qualified for university entrance), then collapsed to two groups: low to medium, and high to very high. 
In total, there are 121 districts in Austria. Among the six stations in Austria which facilitate conscription medical investigation covering 9 provinces, Vienna is the “most urban” area with 3,738 persons per km2 with 1.8 million inhabitants, while population densities in other provinces (Burgenland, Carinthia, Lower Austria, Upper Austria, Salzburg, Styria, Tyrol, and Vorarlberg) are less than 2,500 persons per km2) (16). 
STATISTICAL ANALYSES
We grouped years of conscription by five years interval in one wave (seven waves over 35 years) to provide stable figures for refractive error subtypes with small counts. Descriptive statistics were analyzed in the most recent wave of conscript cohort (2013-2017) to present the contemporary status of individual and social factors and prevalence of myopia and hyperopia in each stratum of included factors. Because of the extremely low prevalence of hyperopia (<5%), further analyses were presented for myopia only. Multivariable logistic regression estimated odds ratios (OR) and 95% confidence intervals (CI) to identify contemporary correlates of myopia. 
To explore time trends in myopia from conscript cohort 1983-1987 to 2013-2017, we calculated the crude prevalence of myopia in each conscript cohort and presented differences in prevalence of the most recent  (2013-2017) comparing with the earliest (1983-1987) cohort overall and by medical investigation station. Further, crude and multivariable adjusted logistic regressions were used to evaluate time trend in myopia using conscript cohort as a predictor in each medical investigation station. We tested for interaction effects between conscript cohort and BMI, resting heart rate, hypertension and education level, respectively. Significant interaction was found between conscript cohort and education, therefore the multivariable logistic regressions were further grouped by level of education. To exhibit comparisons of the rate of change in myopia prevalence over education levels, ORs for time trends were compared between conscripts with lower and higher education levels using Kruskal-Wallis test. 
The trends of myopia were illustrated using predictive margins of myopia prevalence by low to medium, and high to very high education levels, respectively. All predicted margins were estimated standardizing to the joint sample distribution of age, BMI, resting heart rate, and hypertension. 
Sensitivity analyses were conducted using SE calculated by the sphere and cylinder of right eyes, as well as the average of both left and right eyes. Statistical significance for testing interaction and trends of OR was set at P < 0.05. P-values were not adjusted for multiple tests and should be interpreted explanatorily only. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS
Data on 1,507,063 young men were used for analyses. Over 1.5 million young men were grouped by five-year interval in seven conscript cohorts, with the minimal size of 192,726 young men in each cohort. Among conscript cohort 2013-2017, myopia was highly prevalent (24.4%, 95% CI: 24.2 to 24.6%), in contrast to the low prevalence of hyperopia (3.2%, 95% CI: 3.1 to 3.3%)  (Table 1). Majority of the conscript cohort 2013-2017 had normal weight (66.2%), resting heart rate 60-94 beats per minute (78.8%), and low to medium education (63.31%) (Table 1). 
[Insert table 1]
In the multivariable logistic regression, higher prevalence of myopia was observed in the underweight young men (ORs = 1.2 to 1.4, all p value <.001), and those with high to very high education (ORs = 1.3 to 1.7, all p value <.001) in conscript cohort 2013-2017 across all six medical investigation stations. In addition, prevalence of myopia appeared strikingly high with increased resting heart rate (all p for trend < 0.001). 
[Insert table 2]
The overall prevalence of myopia increased from 13.8% (95% CI: 13.6% to 13.9%) to 24.4% (95% CI: 24.2 to 24.6%) over 35 years (Table 3). This increasing trend was steady across all medical investigation stations (all p for trend < 0.001), with the smallest increase in Carinthia+Salzburg (difference: 7.8%, 95% CI: 7.1 to 8.4) and the largest increase in Upper Austria (difference: 12.2%, 95% CI: 11.6 to 12.7).  
[Insert table 3]
Table 4 summarizes time trends in myopia prevalence in multivariable adjusted models. We observed consistent association between BMI, resting heart rate and blood pressure status with myopia prevalence across conscript cohort similar to Table 2. Owing to the significant interaction between conscript cohort and education, we presented the estimated ORs and 95% CI of conscript cohort by education for each medical investigation station, adjusting for BMI, resting heart rate and hypertension. Across all stations, we observed increased prevalence of myopia in both education groups (all p for trend < 0.001). However a more rapid as well as significant increase was seen in the low to medium education group (ORs = 1.8 to 2.7, 2013-2017 vs. 1983-1987) compared to young men in the high to very high education group (ORs = 1.2 to 1.7, 2013-2017 vs. 1983-1987) using the Kruskal-Wallis test (p=0.009).  (Table 4)
[Insert Table 4]    
The marginal prevalence of myopia differed by medical investigation station, yet consistently higher in Burgenland + Vienna in low to medium education groups (1983-1987: 15.3%. 95% CI: 14.9 to 15.87%; 2013-2017:25.7%, 95% CI: 25.0 to 26.4%) compared to other stations (figure 1 and table 1).
Sensitivity analyses using SE calculated by the sphere and cylinder of right eyes (Spearman Rho=0.93 with SE of left eyes), as well as the average of both left and right eyes retrieved similar results to that from all conducted analyses (Data not shown).
DISCUSSION
In a population-based sample of young men, the prevalence of myopia has been steadily increasing over the last three and half decades in Austria, suggesting an urgent need of preventive measures to curb this trend. By 2017, only 72.4% young men in Austria were free of refractive error. The greatest burden of refractive errors in this population is attributable to myopia (24.4%). The associations of BMI and resting heart rate with myopia prevalence were consistent over time, suggesting a protective effect of being physically healthy. Importantly, we found that myopia prevalence increased more rapidly among the low to medium education group than the high to very high education group. Hence, the magnitude of myopia prevalence gap across education levels has been narrowing over time. This novel finding suggested potentially unique risk factors of myopia in young men of the low to medium education group. We speculate the increasing prevalence myopia might be partially attributable to increased amount of personal screen devices. Nevertheless, our data do not allow a detailed investigation due to the lack of data on personal device use at the individual level.
To the best of our knowledge, we are among one of the largest studies to report time trend in prevalence of myopia using population based data. Our findings are consistent with a previously myopia trends investigation using the Israeli conscripts cohort during the years 1990 through 2002. Although the prevalence of myopia in that study was lower, the upward trends existed independently from levels of education (21).
We observed a rapid increase in the overall prevalence of myopia in Austrian young men, which agrees with “The Myopia Boom” phenomenon that has raised public health attention in recent years (13). It was estimated that half of the world population would be myopic by 2050 (22). Population myopia prevalence varies with age and peaks among the age group of 20-29 years old (22). Hence, our data likely reflects the myopia prevalence in Austria close to its peak value in the male population. In fact, epidemic of myopia has been clustered in East and Southeast Asia in the past, and a prevalence as high as 80-90% were seen in some countries’ urban population at their completion of high school (17-18 years old) (23, 24). The prevalence of myopia also increased in America (estimated 22.5% in 1971-1972 increased to 29.7% by 1999-2004 among 18-24 years old male) (25, 26). 
Less data has been available in Europe, particularly among the younger age group (23). Recently, Williams and colleagues reported increasing prevalence of myopia in Europe using data from the E3 Consortium,(1) which supports our findings. In addition, E3 Consortium found an impact of high education level on myopia prevalence in their study population of 60,125 individuals, however this association was unclear in their young age group (20-24 years old) due to a very small sample size (n=216) (1). Our data have demonstrated the impact of education on myopia around this age group, although we were not able to trace the age of onset, nor the progression thereafter.
Education and its associated near work (e.g. reading) is the most commonly discussed risk factor for myopia development. A recent study has shown a causal effect such that genetic variants associated with more years of education lead to more myopia using a Mendelian randomization design (27). Indeed this association has been reported repeatedly in observational studies;(13) however we should not neglect the impact of other environmental and social factors. Our data have shown that not only the prevalence of myopia, but also the growth of prevalence over time differ between education levels, where the most rapid growth (ORs = 1.8 to 2.7 across six stations) was seen among those with low to medium education (up to completed 9 years of compulsory school). Clearly, factors contributing to the myopia development in the low to medium education group need to be further explored. A plausible explanation might be of the urbanization and industrialization over the past 35 years, with decreased time spent outdoor and increased population access to screens such as personal computer, and mobile devices like handheld game consoles, cellular phones and smart phones. Recent research has shown an increased risk of incident myopia in children with increasing near visual activities (28). One might speculate that the difference in near work between educational groups was reduced by the spread of the above devices. However, our data did not contain information on screen time or other near work and time spent outdoors, precluding further explorations.
Besides education, we explored a few individual factors that were not studied previously. We found that young men who were underweight or with high resting heart rate were presenting with the highest prevalence of myopia. Although our data is not able to establish causal inference, we speculate these factors may point to lowered fitness level. This is in line with the idea of suggesting students to spend more outdoor time to prevent myopia or manage its progression (29, 30). This mechanism is yet to be elucidated in details, since both light exposure and physical activity were proposed pathways. Prior studies have been limited with lack of objective measures of outdoor time (31) and light exposure (32). Similarly, measurement issue exists with physical activity thus findings on its association with myopia development and progression have been inconsistent (33-35). 
This study is not without limitation. The measurement of refractive error was carried out as part of the medical investigation of Austria military conscription. Routinely collected data are prone to potential errors that might lead to reduced statistical significances. For instance, although the device used in the medical investigation were from the same manufacture, the model of the device may differ over time as well as way of measuring non-cycloplegic refractions the years before the introduction of electronic devices. Moreover, the testing protocol and degree of control of accommodation during the medical investigation are unknown. This type of measurement errors are unlikely introduced a bias on our analyses on trends. This is also supported by the upwards trends in myopia in the multivariable model after adjusting for medical investigation station, as well as the consistent findings cross different medical investigation stations. However changing equipment is not avoidable for a study spanning over 30 years and this potentially might be a source of bias. Yet, given the fact that one of our main findings was different time trends depending on the educational level were consistently observed in all six stations, any potential bias introduced by the equipment or by the change of equipment appear to be an implausible explanation for our findings. It is worth noting that the present study did not take astigmatisms into account but focus only on the spherical equivalent. In addition, due to the nature of the data source, we were not able to include information on family history of myopia, time spent on near work or outdoors to elucidate the mechanisms of the observed increasing trends in myopia prevalence. This should be investigated in future studies. Finally, although ethnicity is a strong factor that influences the myopia prevalence, the demographic in Austria is highly homogeneous with 95% of the conscripts being Austrian born. In addition, the largest non-Caucasian immigrant group in Austria is ethnic Turks, who make up 2-3% of the overall population, as of today. Therefore the impact of ethnic or immigrants background in Austria data is minimal, particularly the known ethnicity group to influence myopia, South Asian.
In conclusion, the prevalence of myopia has been steadily increasing in Austrian young men, suggesting an urgent need of preventive measures to curb this trend. Although education has been recognized as a strong causal factor, our data showed a distinct role of lifestyle in myopia epidemic. Future research with robust measurement tool should investigate aim to elucidate the impact of outdoor light exposure, screen time and physical activity on myopia development and progression. Nevertheless, medical practice and public health policy should join forces in promoting the awareness of myopia in the youth, and design population based intervention and policy targeting at modifiable factors, particularly those have been shifted dramatically over the past decades. 
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	Table 1. Characteristics of Austrian conscripts cohorts between 2013-2017 (age < 19 years old)

	
	
	
	
	Myopia 
	
	 Hyperopia

	
	Sample size
	%a
	
	n; prevalence (%)
	
	n; prevalence (%)

	Age
	
	
	
	
	
	
	
	
	
	

	15-<18
	26,075
	13.5
	
	6,463
	
	24.8
	
	863
	
	3.3

	18
	143,490
	74.5
	
	35,051
	
	24.4
	
	4,650
	
	3.2

	18-<19
	23,161
	12.0
	
	5,552
	
	24.0
	
	685
	
	3.0

	Body mass index (kg/m^2)
	
	
	
	
	
	
	
	
	
	

	<18.5 
	13,044
	6.8
	
	3,812
	
	29.2
	
	414
	
	3.2

	18.5 - <25  
	127,602
	66.2
	
	30,438
	
	23.9
	
	3,983
	
	3.1

	25 - <30  
	36,266
	18.8
	
	8,753
	
	24.1
	
	1,210
	
	3.3

	30-60 
	15,757
	8.2
	
	4,052
	
	25.7
	
	589
	
	3.7

	Resting heart rate (beats per min)
	
	
	
	
	
	
	
	
	

	40-59
	22,689
	12.0
	
	4,594
	
	20.3
	
	705
	
	3.1

	60-94
	149,301
	78.8
	
	36,215
	
	24.3
	
	4,747
	
	3.2

	95-110
	17,432
	9.2
	
	5,239
	
	30.1
	
	606
	
	3.5

	Blood pressureb
	
	
	
	
	
	
	
	
	
	

	Normal  
	34,991
	18.2
	
	8,509
	
	24.3
	
	1,193
	
	3.4

	Elevated 
	40,508
	21.0
	
	9,676
	
	23.9
	
	1,339
	
	3.3

	Stage 1 hypertension
	87,357
	45.3
	
	21,110
	
	24.2
	
	2,706
	
	3.1

	Stage 2 hypertension
	29,870
	15.5
	
	7,771
	
	26.0
	
	960
	
	3.2

	Educationc
	
	
	
	
	
	
	
	
	
	

	Low 
	3,509
	1.9
	
	718
	
	20.5
	
	139
	
	4.0

	Medium
	121,982
	63.3
	
	26,487
	
	21.7
	
	4,007
	
	3.3

	High
	64,454
	33.4
	
	18,978
	
	29.4
	
	1,985
	
	3.1

	Very high
	2,713
	1.4
	
	873
	
	32.2
	
	61
	
	2.3

	Medical investigation station
	
	
	
	
	
	
	
	
	
	

	Burgenland+Vienna
	35,027
	18.2
	
	9,739
	
	27.8
	
	1,039
	
	3.0

	Carinthia+Salzburg
	25,468
	13.2
	
	5,307
	
	20.8
	
	744
	
	2.9

	Tyrol+Vorarlberg
	28,186
	14.3
	
	6,321
	
	22.4
	
	815
	
	2.9

	Styria
	27,482
	14.3
	
	6,337
	
	23.1
	
	769
	
	2.8

	Upper Austria
	35,804
	18.6
	
	8,970
	
	25.1
	
	1,413
	
	4.0

	Lower Austria
	40,759
	21.2
	
	10,392
	
	25.4
	
	1,418
	
	3.5

	a Percentages do not add up 100 due to missing values
b Normal: Less than 120/80 mm Hg; Elevated: Systolic between 120-129 and diastolic less than 80; Stage 1 hypertension: Systolic between 130-139 or diastolic between 80-89; Stage 2 hypertension: Systolic at least 140 or diastolic at least 90 mm Hg
c Low: lower than 9 years of compulsory school; Medium: completed 9 years of compulsory school; High: graduated from vocational training or served an apprenticeship; Very high: had a general qualification for university entrance
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	Table 2. Correlates of myopic refractive error (<-0.5 Da) among Austrian conscript cohorts 2013-2017 (age <19 years old)

	 
	Burgenland+Vienna
	 
	Carinthia+Salzburg
	 
	Tyrol+Vorarlberg
	 
	Styria
	 
	Upper Austria
	 
	Lower Austria

	BMI (kg/m^2)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	  <18.5 
	1.1
	(1.0 to
	1.3)
	 
	1.4
	(1.1 to
	1.6)
	 
	1.4
	(1.3 to
	1.6)
	 
	1.4
	(1.2 to
	1.6)
	 
	1.3
	(1.2 to
	1.4)
	 
	1.2
	(1.1 to
	1.4)

	  18.5 - <25  
	reference
	 
	reference
	 
	reference
	 
	reference
	 
	reference
	 
	reference

	  25 - <30  
	1.1
	(1.0 to
	1.2)
	 
	1.0
	(0.9 to
	1.1)
	 
	1.0
	(0.9 to
	1.1)
	 
	1.1
	(1.0 to
	1.2)
	 
	1.0
	(0.9 to
	1.1)
	 
	1.0
	(0.9 to
	1.1)

	  30-60 
	1.1
	(1.0 to
	1.3)
	 
	1.0
	(0.8 to
	1.1)
	 
	1.1
	(0.9 to
	1.2)
	 
	1.1
	(1.0 to
	1.3)
	 
	1.0
	(0.9 to
	1.1)
	 
	1.2
	(1.1 to
	1.3)

	Resting heart rate
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	  40-59
	reference
	 
	reference
	 
	reference
	 
	reference
	 
	reference
	 
	reference

	  60-94
	1.4
	(1.3 to
	1.5)
	 
	1.1
	(0.9 to
	1.2)
	 
	1.2
	(1.1 to
	1.3)
	 
	1.2
	(1.0 to
	1.3)
	 
	1.3
	(1.2 to
	1.4)
	 
	1.2
	(1.1 to
	1.3)

	  95-110
	1.9
	(1.6 to
	2.1)
	 
	1.5
	(1.2 to
	1.9)
	 
	1.6
	(1.4 to
	1.8)
	 
	1.5
	(1.2 to
	1.7)
	 
	1.7
	(1.5 to
	2.0)
	 
	1.4
	(1.3 to
	1.6)

	 P-for trend
	<.001
	 
	<.001
	 
	<.001
	 
	<.001
	 
	<.001
	 
	<.001

	Blood pressurec
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	  Normal  
	reference
	 
	reference
	 
	reference
	 
	reference
	 
	reference
	 
	reference

	  Elevated
	0.9
	(0.9 to
	1.0)
	 
	0.9
	(0.8 to
	1.0)
	 
	1.0
	(0.9 to
	1.1)
	 
	0.9
	(0.9 to
	1.0)
	 
	1.0
	(0.9 to
	1.1)
	 
	1.0
	(0.9 to
	1.0)

	  Stage 1 Hypertension
	1.0
	(0.9 to
	1.1)
	 
	1.1
	(0.9 to
	1.2)
	 
	1.1
	(1.0 to
	1.2)
	 
	1.0
	(0.9 to
	1.2)
	 
	1.1
	(1.0 to
	1.2)
	 
	1.0
	(0.9 to
	1.1)

	  Stage 2 Hypertension
	1.0
	(0.9 to
	1.1)
	 
	1.0
	(0.9 to
	1.2)
	 
	1.1
	(1.0 to
	1.2)
	 
	1.2
	(1.1 to
	1.4)
	 
	1.0
	(0.9 to
	1.1)
	 
	1.0
	(0.9 to
	1.1)

	  P-for trend
	0.766
	 
	0.261
	 
	0.041
	 
	0.013
	 
	0.415
	 
	0.562

	Education
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	  Low to medium
	reference
	 
	reference
	 
	reference
	 
	reference
	 
	reference
	 
	reference

	  High to very high
	1.3
	(1.3 to
	1.4)
	 
	1.6
	(1.4 to
	1.7)
	 
	1.7
	(1.6 to
	1.8)
	 
	1.5
	(1.4 to
	1.6)
	 
	1.5
	(1.4 to
	1.6)
	 
	1.4
	(1.3 to
	1.5)

	a Spherical equivalent (SE) = sphere + cylinder/2, unit diopters (D), 95%CI
b Multivariable regression models were adjusted for age, BMI, resting heart rate, blood pressure and education level.
c Normal: Less than 120/80 mm Hg; Elevated: Systolic between 120-129 and diastolic less than 80; Stage 1 hypertension: Systolic between 130-139 or diastolic between 80-89; Stage 2 hypertension: Systolic at least 140 or diastolic at least 90 mm Hg

	 
	 

	





Table 3. Time trend in the prevalence (%) of myopic refractive error (<-0.5 Da) among Austrian conscript cohorts between 1983-1987 and 2013-2017 (age < 19 years old)
	Years of conscription
	1983-1987
	1988-1992
	1993-1997
	1998-2002
	2003-2007
	2008-2012
	2013-2017
	P for trend
	 2013-2017 vs. 
1983-1987d

	 
	 
	n=260,244
	n=222,358
	n=193,136
	n=207,065
	n=212,525
	n=219,009
	n=192,726
	Unadjusted b
	Multivariable-adjustedc 
	

	Austria overall
	13.8
	15.8
	16.7
	19.7
	22.2
	23.0
	24.4
	 < .001
	 < .001
	10.7

	 
	 
	(13.6, 13.9)
	(15.7, 16.0)
	(16.5, 16.8)
	(19.6,19.9 )
	(22.1, 22.4)
	(22.8, 23.2)
	(24.2, 24.6)
	
	
	(10.4, 10.9)

	
	
	
	
	
	
	
	
	
	
	

	Burgenland+Vienna
	19.3
	21.9
	22.0
	23.2
	25.3
	26.3
	27.8
	 < .001
	 < .001
	8.5

	 
	 
	(19.0, 19.6)
	(21.5, 22.2)
	(21.6, 22.5)
	(22.8, 23.6)
	(24.8, 25.7)
	(25.9, 26.7)
	(27.3, 28.3)
	
	
	(7.9, 9.1)

	
	
	
	
	
	
	
	
	
	
	

	Carinthia+Salzburg
	13.1
	14.2
	14.5
	18.5
	21.0
	20.7
	20.8
	 < .001
	 < .001
	7.8

	 
	 
	(12.8, 13.4)
	(13.8, 14.6)
	(14.1, 14.9)
	(18.1, 18.9)
	(20.6, 21.5)
	(20.2, 21.1)
	(20.3, 21.3)
	
	
	(7.1, 8.4)

	
	
	
	
	
	
	
	
	
	
	

	Tyrol+Vorarlberg
	10.4
	13.0
	14.0
	19.6
	20.6
	20.0
	22.4
	 < .001
	 < .001
	12.0

	 
	 
	(10.1, 10.8)
	(12.6, 13.4)
	(13.6, 14.4)
	(19.1, 20.0)
	(20.1, 21.1)
	(19.5, 20.4)
	(21.9, 22.9)
	
	
	(11.4, 12.6)

	
	
	
	
	
	
	
	
	
	
	

	Styria
	11.5
	14.2
	16.3
	18.7
	20.3
	21.3
	23.1
	 < .001
	 < .001
	11.6

	 
	 
	(11.2, 11.8)
	(13.8, 14.5)
	(15.9, 16.7)
	(18.3, 19.2)
	(19.8, 20.7)
	(20.9, 21.7)
	(22.6, 23.6)
	
	
	(11.0, 12.1)

	
	
	
	
	
	
	
	
	
	
	

	Upper Austria
	12.9
	13.9
	15.1
	16.9
	20.7
	22.5
	25.1
	 < .001
	 < .001
	12.2

	 
	 
	(12.6, 13.2)
	(13.5, 14.2)
	(14.8, 15.5)
	(16.5, 17.3)
	(20.4, 21.2)
	(22.1, 22.9)
	(24.6, 25.5)
	
	
	(11.6, 12.7)

	
	
	
	
	
	
	
	
	
	
	

	Lower Austria
	13.6
	15.9
	16.7
	21.0
	24.3
	25.5
	25.5
	 < .001
	 < .001
	11.9

	 
	 
	(13.3, 13.9)
	(15.5, 16.2)
	(16.4, 17.1)
	(20.6, 21.4)
	(23.9, 24.7)
	(25.1, 25.9)
	(25.1, 25.9)
	
	
	(11.4, 12.4)


a Spherical equivalent (SE) = sphere + cylinder/2, unit diopters (D), 95%CI
b P for trend were estimated using unadjusted logistic regression using years of conscription as a predictor.
c P for trend were estimated using logistic regression using years of conscription as a predictor, and adjusted for age, BMI, resting heart rate, blood pressure, education level, and medical investigation station (for Austria overall only).
d Change in prevalence were calculated by subtracting estimated myopia prevalence in 1983-1987 from that in 2013-2017. 



	Table 4. Time trend in prevalence of myopic refractive error (<-0.5 Da) among Austrian conscript cohorts 1983-1987 to 2013-2017 by levels of education and medical investigation station (age <19 years old) b 

	 
	Burgenland+Vienna
	 
	Carinthia+Salzburg
	 
	Tyrol+Vorarlberg
	 
	Styria
	 
	Upper Austria
	 
	Lower Austria

	Low to medium education 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1983-1987
	reference
	 
	reference
	 
	reference
	 
	reference
	 
	reference
	 
	reference

	1988-1992
	1.1
	(1.0 to
	1.1)
	 
	1.0
	(0.9 to
	1.0)
	 
	1.1
	(1.0 to
	1.2)
	 
	1.2
	(1.2 to
	1.3)
	 
	1.0
	(1.0 to
	1.1)
	 
	1.1
	(1.1 to
	1.2)

	1993-1997
	1.1
	(1.0 to
	1.1)
	 
	1.0
	(0.9 to
	1.1)
	 
	1.3
	(1.2 to
	1.3)
	 
	1.4
	(1.4 to
	1.5)
	 
	1.1
	(1.0 to
	1.2)
	 
	1.2
	(1.1 to
	1.2)

	1998-2002
	1.3
	(1.2 to
	1.4)
	 
	1.4
	(1.3 to
	1.5)
	 
	2.0
	(1.9 to
	2.2)
	 
	2.1
	(2.0 to
	2.2)
	 
	1.5
	(1.4 to
	1.5)
	 
	1.7
	(1.6 to
	1.8)

	2003-2007
	1.4
	(1.3 to
	1.5)
	 
	1.8
	(1.6 to
	1.9)
	 
	2.2
	(2.1 to
	2.3)
	 
	2.2
	(2.1 to
	2.3)
	 
	1.7
	(1.6 to
	1.8)
	 
	2.0
	(1.9 to
	2.1)

	2008-2012
	1.6
	(1.5 to
	1.7)
	 
	1.7
	(1.6 to
	1.8)
	 
	2.2
	(2.0 to
	2.3)
	 
	2.2
	(2.1 to
	2.3)
	 
	1.9
	(1.8 to
	2.0)
	 
	2.2
	(2.1 to
	2.3)

	2013-2017
	1.9
	(1.8 to
	2.0)
	 
	1.8
	(1.6 to
	1.9)
	 
	2.6
	(2.4 to
	2.7)
	 
	2.7
	(2.5 to
	2.8)
	 
	2.3
	(2.2 to
	2.5)
	 
	2.3
	(2.2 to
	2.4)

	 P-for trenda
	<0.001
	 
	<0.001
	 
	<0.001
	 
	<0.001
	 
	<0.001
	 
	<0.001

	

	High or very high education

	1983-1987
	reference
	 
	reference
	 
	reference
	 
	reference
	 
	reference
	 
	reference

	1988-1992
	1.1
	(1.0 to
	1.2)
	 
	1.0
	(1.0 to
	1.1)
	 
	1.2
	(1.1 to
	1.3)
	 
	1.1
	(1.0 to
	1.2)
	 
	0.9
	(0.9 to
	1.0)
	 
	1.2
	(1.1 to
	1.3)

	1993-1997
	1.1
	(1.0 to
	1.1)
	 
	0.9
	(0.8 to
	1.0)
	 
	1.1
	(1.0 to
	1.3)
	 
	1.2
	(1.1 to
	1.3)
	 
	0.9
	(0.8 to
	1.0)
	 
	1.1
	(1.0 to
	1.1)

	1998-2002
	1.2
	(1.1 to
	1.3)
	 
	1.2
	(1.1 to
	1.3)
	 
	1.6
	(1.5 to
	1.8)
	 
	1.4
	(1.2 to
	1.5)
	 
	1.0
	(0.9 to
	1.1)
	 
	1.4
	(1.3 to
	1.5)

	2003-2007
	1.3
	(1.2 to
	1.4)
	 
	1.4
	(1.2 to
	1.5)
	 
	1.6
	(1.4 to
	1.8)
	 
	1.4
	(1.3 to
	1.5)
	 
	1.3
	(1.2 to
	1.5)
	 
	1.6
	(1.5 to
	1.8)

	2008-2012
	1.3
	(1.2 to
	1.4)
	 
	1.3
	(1.2 to
	1.5)
	 
	1.6
	(1.4 to
	1.7)
	 
	1.4
	(1.3 to
	1.5)
	 
	1.4
	(1.3 to
	1.5)
	 
	1.6
	(1.5 to
	1.7)

	2013-2017
	1.2
	(1.1 to
	1.2)
	 
	1.3
	(1.1 to
	1.4)
	 
	1.7
	(1.5 to
	1.9)
	 
	1.3
	(1.2 to
	1.4)
	 
	1.4
	(1.3 to
	1.6)
	 
	1.4
	(1.3 to
	1.5)

	P-for trenda
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001


a Spherical equivalent (SE) = sphere + cylinder/2, unit diopters (D), 95%CI
b Multivariable logistic regression adjusted for age, BMI, resting heart rate, hypertension  (OR, 95%CI)
c P for trend were estimated using multivariable logistic regression using years of conscription as a predictor.






Figure 1a-1f. Predicted prevalence of myopic refractive error (<-0.5 Da) among Austrian conscript cohorts 1983-1987 to 2013-2017 by levels of education (low-medium vs. high-very high) and by medical investigation station.
 
 
 
a Spherical equivalent (SE) = sphere + cylinder/2, unit diopters (D) 
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Figure 1a. Burgenland+Vienna
Low - medium	1983-1987	1988-1992	1993-1997	1998-2002	2003-2007	2008-2012	2013-2017	15.314867704837518	15.954402768064838	15.935405504563624	19.246829298379538	20.701899779848144	22.889588041642256	26.406968243920009	High - very high	1983-1987	1988-1992	1993-1997	1998-2002	2003-2007	2008-2012	2013-2017	29.452090588068785	31.29644537173068	31.237395819042668	32.921655289671968	34.642272149702372	34.301057224391798	32.442540396400055	


Figure 1b. Carinthia+Salzburg
Low - medium	1983-1987	1988-1992	1993-1997	1998-2002	2003-2007	2008-2012	2013-2017	11.522929058276191	11.386818373193517	11.683007578042085	15.156900293651629	18.610238528833314	17.900519934475607	18.728213072938008	High - very high	1983-1987	1988-1992	1993-1997	1998-2002	2003-2007	2008-2012	2013-2017	23.443586656636143	24.131033705046466	21.608553770433815	26.436354439785724	28.689489846230209	28.042976484454918	27.095219981275353	


Figure 1c. Tyrol+Vorarlberg  
Low - medium	1983-1987	1988-1992	1993-1997	1998-2002	2003-2007	2008-2012	2013-2017	9.055683573773706	10.052298851266832	11.40556306108245	16.753048242243093	18.242923422528449	17.855655996898996	20.558197371328419	High - very high	1983-1987	1988-1992	1993-1997	1998-2002	2003-2007	2008-2012	2013-2017	22.234085194966287	24.935636683154623	23.883426476967351	29.792299511953864	29.589407047637796	28.924141459472708	30.60690428393788	


Figure 1d. Styria  
Low - medium	1983-1987	1988-1992	1993-1997	1998-2002	2003-2007	2008-2012	2013-2017	9.0116100969487807	10.948607551745374	12.578967856541079	17.191796532718225	17.906171059745663	17.867236392928806	20.85978091502901	High - very high	1983-1987	1988-1992	1993-1997	1998-2002	2003-2007	2008-2012	2013-2017	23.183418185214862	25.805244189146197	26.669059329638177	28.902926386189748	29.634258500862572	29.593550994979612	28.382883828373647	


Figure 1e. Upper Austria
Low - medium	1983-1987	1988-1992	1993-1997	1998-2002	2003-2007	2008-2012	2013-2017	11.325826237057678	11.72533413397681	12.407625075256362	15.762326656792602	18.290709886218096	19.852040013745917	23.438597580089628	High - very high	1983-1987	1988-1992	1993-1997	1998-2002	2003-2007	2008-2012	2013-2017	24.974475943436396	24.050322426909226	22.63355219053388	24.985084883546499	30.708629875702094	31.645076224302393	32.624623060276093	


Figure 1f. Lower Austria
Low - medium	1983-1987	1988-1992	1993-1997	1998-2002	2003-2007	2008-2012	2013-2017	11.825103094363367	13.114771573815547	13.351103910396734	18.182826381679455	20.907967733622971	22.424772719077449	23.512188398963733	High - very high	1983-1987	1988-1992	1993-1997	1998-2002	2003-2007	2008-2012	2013-2017	23.619907659274869	26.379218808138884	24.836472364063138	29.719212878784191	33.406662016989586	32.895251818448905	30.111838340925839	
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