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Abstract: 
Objectives: We explored the measurement properties of frailty with the goal of optimizing frailty assessment according to Fried’s phenotype definition and comparing measurement properties across countries. 
Study Design and Setting: Data are from the Survey of Health, Ageing and Retirement in Europe (n =27,938), a population based study of community-dwelling adults aged 50 and older. Frailty was specified as a uni-dimensional construct and measurement invariance across the 12 countries was tested. To assess our measurement model we used confirmatory factor analysis (CFA), and multi-group CFA to assess measurement invariance. 
Results: The uni-dimensional model fit the data well (Adjusted χ2(48)=82.74, p=0.001) and the same structure was satisfactory for all countries. Inclusion of equality constraints led to significant model deterioration (Adjusted χ2diff(88)=995.05, p<0.001), suggesting differences in parameters across countries. Spain was removed from further analyses and equality constraints for Greece, Sweden, Israel, Italy and France were not tenable. Accounting for these led to satisfactory model fit (Adjusted χ2(113)=414.33, p<0.001). Significant mean frailty differences were identified. 
Conclusion: The relationships between the construct of frailty and indicators, although broadly constant, do vary across some countries. Further, there was evidence of differing levels of frailty for the middle aged and older populations across European countries.
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Introduction
Frailty is increasingly recognized as a target for prevention of decline in older people both in research and in clinical practice [1]. Many concepts and measures of frailty exist [2], but the model most widely used is the phenotypic model introduced by Fried and colleagues [3].  This definition conceptualizes frailty as a physiological cycle of decline.  Five components are indicative of various phases of the frailty cycle, these include: unintentional weight loss, exhaustion, muscle weakness, slow gait and low levels of physical activity. For an operational definition, each component is captured with a single item that is dichotomized and summed, reducing frailty to a uni-dimensional construct where each indicator has equal importance. An individual is regarded as ‘pre-frail’ if their score is one or two and ‘frail’ if their score is three or greater [3]. This definition is popular owing to its face validity, ease of measurement within existing datasets, and its distinction from the concepts of disability and disease. Studies applying these criteria report the prevalence of frailty in community dwelling older populations to be between 6% and 20% [3-5]. 
The frailty construct depends on the measurement and reporting of the five indicators and in epidemiological research is frequently an opportunistic measure constructed from items in large datasets that are similar to those originally proposed by Fried (3).  Comparisons of frailty are often then made across subgroups. However, if groups of individuals separated by say language or other aspects of national culture report indicators differently when the same underlying level of frailty is present, then comparisons between nations will be biased. Cross-national studies can identify any such ‘measurement bias’ between groups. 
Prevalence of frailty in Europe
The prevalence of frailty has been previously estimated across Europe based on data from The Survey of Health, Ageing, and Retirement in Europe (SHARE). The definition used is similar to that described above [6], but opportunistic as it relies on the items available within the SHARE dataset. The prevalence of frailty in respondents aged 65 and older across all countries was found to be 17% and pre-frailty 42%.  However, estimates varied between individual countries; Switzerland with the lowest prevalence (5.8%) and Spain with the highest prevalence (27.3%). It remains unclear whether this finding reflects a genuine difference in frailty across Europe or a difference in reporting of particular indicators in different countries. The psychometric properties of the SHARE frailty instrument have not been previously explored although all the components of the SHARE frailty instrument have been individually validated cross-nationally. Specifically, as part of the EURO-D scale to measure depression [7], or as part of the ‘Health and Retirement Study’ disability scale and activity questionnaire. The SHARE frailty instrument has also been shown to predict mortality within the SHARE sample [8].
Factor structure of frailty
Previous research investigating the factor structure and measurement properties of any frailty construct is limited [9-12]. Using principle components analysis to assess the dimensionality of the frailty syndrome based on 1,118 participants aged 70-79 of the MacArthur Study, the authors identified two factors: one defined by physical activity, slowness and weakness and the second defined by weight loss and exhaustion [9]. This suggests that frailty in older people has at least two dimensions. Other studies have considered frailty as a latent class [10; 11].  Further psychometric work with respect to the factor structure in large community samples is required to better understand the dimensionality of frailty and refine its measurement. 
In this paper we address three objectives using data from the first wave of SHARE. First, we estimate the hypothesized uni-dimensional factor structure of the SHARE frailty instrument and test its configural invariance, that is, whether the factor structure is the same across 12 European countries. Second, we explore measurement invariance, that is, whether individuals from different countries respond differently to different frailty items given their underlying frailty level.  Finally, we examine whether violations of measurement invariance (measurement bias) explain the difference in frailty prevalence previously reported across SHARE countries.
Methods
Data source and participants
Participants were part of the first wave of SHARE (release 2.5.0) and were recruited from Denmark, Germany, Sweden, the Netherlands, Spain, Italy, France, Austria, Greece, Switzerland, Belgium and Israel between 2004 and 2006 using sampling techniques described elsewhere [13; 14]. To be eligible, the sampled household had to have one resident who was 50 years or older, speak the native language and not be living abroad. Those in institutions were not sampled. The country specific individual response rates ranged from 53% to 63% apart from 38.8% in Switzerland, 49.6% in Sweden and 80.1% in France.
A total of 31,115 participants are included in the dataset.  We excluded participants aged less than 50 (n=1,288), with more than one missing value on any frailty item (n=625), and those who had experienced a stroke or had Parkinson’s disease (n=1,264), resulting in a final sample of 27,938.  
Measures
Frailty was defined as previously within this cohort [6], and comprised items that mapped closely to the components defined by Fried [3]. See Table 1 for exact item wording of the five components of exhaustion, low physical activity, slowness, weakness and weight loss as captured in SHARE. As can be seen in Table 1 items differ from the frailty phenotype: weigh loss/shrinking is replaced by appetite loss, slowness in SHARE is self-reported rather than a walking test, and low physical activity in SHARE is measured by one self-report item in place of an activity questionnaire. Grip strength and exhaustion are essentially captured in the same way as Fried originally proposed. 
INSERT TABLE 1 ABOUT HERE
Statistical analysis
Confirmatory factor analysis (CFA) and missing data handling was conducted using Mplus (version 7). Missing data (n =53) was dealt with using the Mplus pairwise present approach [15]. The model we used included frailty as a continuous latent variable with five dichotomous observable indicators.  As items were not continuous we used the weighted least square means and variance adjusted estimator (WLSMV) for the estimation of all parameters. The relationship between each indicator and frailty was determined by its loading and threshold.  The loading corresponds to the correlation between the indicator and frailty, and the threshold the level of frailty at which an individual transitions from a value of 0 to 1 on the indicator.  Models were tested by constraining or freeing relevant model parameters and judging the resultant overall model fit.  To assess overall fit we relied on the adjusted chi-square value. When this value was associated with a non-significant p-value, it was interpreted that there was little difference between the observed and expected covariance matrices used to estimate the model parameters, and hence the model had satisfactory fit. However, in the presence of sufficient statistical power it was not reasonable to expect exact fit. Therefore, we also used two approximate fit indices; the first was the root means square error of approximation (RMSEA). As we used the WLSMV we used a value of below 0.045 to indicate close fit. The second was the comparative fit index (CFI), where are value of 0.95 was considered to represent satisfactory fit [16].  Each step of our analysis is described below.
Objective 1: Establish a measurement model and test configural invariance
The first model fit was the hypothesized uni-dimensional frailty model. This model was initially estimated independently for each country. Frailty was the latent variable and the five observed items were independent indicators. If this initial model did not have satisfactory fit, the model was re-specified until satisfactory fit was achieved.
Model fit was assessed using the adjusted chi-square test of exact fit, the RMSEA and CFI. Fit was considered acceptable when the p-value of the adjusted chi-square was >0.05 or the RMSEA was below 0.045 and CFI >0.95 (12). Model re-specifications were driven by substantive considerations, modification indices, and expected parameter change (EPC) indices [17]. The models in this step were given scale and origin by fixing the variance and mean of the frailty factor to a constant. 
The modification index has one degree of freedom and provides an indication of the size of the improvement in the overall adjusted chi-square statistic if the parameter in question were freed to be estimated. The standardized EPC is complimentary, in that it provides an indication of the expected standardized change in the parameter in question. When there is sufficient power, it is possible that the modification index will be statistically significant, but that the associated change in the parameter in question will be negligible [17]. Therefore, only when the modification index was significant, the standardized EPC was greater than a small effect size [18], and substantively the change was interpretable was the model re-specified. To reduce Type I family-wise errors we applied a Bonferroni type correction when modification indices were assessed [19; 20]. The impact of model re-specifications were assessed using robust chi-square difference testing using the DIFFTEST function available in Mplus [21], a p-value <0.01 indicated that model fit had improved. 
Once a satisfactory model was identified for each country, a multi-group CFA (MG-CFA) was performed, where the countries with a satisfactorily fitting uni-dimensional frailty model were included in one MG-CFA. All factor loadings and thresholds for each country were free to be estimated. A satisfactory fit across all countries indicated configural invariance of frailty, or that the same pattern of fixed and free parameters was observed for the 12 countries.

Objective 2: Testing measurement invariance across countries
Using the final MG-CFA model derived from objective 1, we tested measurement invariance across countries. Measurement invariance is the assumption that given a certain level of the underlying latent variable (frailty), the pattern of responses for an individual to the indicators do not depend on group membership (country of residence). When testing invariance of factor loadings we were testing whether the same indicators had the same correlation with frailty across countries. When testing the invariance of thresholds we were testing whether the observed scores were unbiased, i.e., that country does not affect the propensity to report a particular indicator [22]. 

Measurement invariance was tested by constraining the factor loadings and thresholds for indicators to be equal across countries. If the resultant model fit significantly deteriorated then selected parameter constraints were relaxed. This only occurred when a modification index was greater than the critical value that was determined by the Bonferroni correction, the associated standardized EPC was greater than 0.10 with respect to factor loadings or greater than 0.20 with respect to thresholds and the change was interpretable [18]. Any changes made to the model while investigating either objective 1 or 2 were made iteratively. In that, one change was made to the model at a time and the overall fit of this model was compared to the previous model to ensure a significant improvement in overall model fit. Improvement in fit was assessed using the DIFFTEST, which is a robust chi-square difference test implemented in Mplus for use with the WLSMV estimator. The DIFTEST compares the null model (e.g., hypothesized model) to an alternative model (hypothesized model re-specified).  This new model was inspected to ensure changes were interpretable. The modification indices and standardized EPCs produced from this model were also inspected to determine if there remained not tenable equality constraints. This process continued iteratively until no modification indices or standardized EPCs met our criteria. The presence of at least one not tenable equality constraint indicates partial measurement invariance [23]. In this step, scale and origin were provided by fixing the mean and variance of the frailty factor for one country (Denmark) and placing equality constraints on the factor loadings and thresholds [24].

Objective 3: Estimating mean levels of frailty across European countries
Using the final model from Objective 2, we investigated differences in the latent mean of frailty across countries by comparing the fit of a model with the latent means constrained to equality (assuming no significant differences between countries) with a model allowing the mean levels of frailty to vary across countries. If the model where the means were constrained to equality had significantly worse fit, this indicated that there were true mean differences in frailty across the 12 countries. 

Results
The SHARE final sample comprised 54.5% women, and the mean age was 64.7 (+ 9.9). Age and gender did not vary substantially by country (Table 1.a; Supplement A). The most prominent component of frailty was exhaustion (31.1%) and the least was appetite loss (8.1%) (Table 2). However, as the tails of the age distribution varied substantially between countries and 89% of participants over 90 had at least one indicator frailty we restricted the analysis to those between 50 and 90 years of age (n = 27,666).
Objective 1: Establishing a measurement model and testing configural invariance
A uni-dimensional model of frailty was fit for the 12 countries. All five factor loadings were statistically significant in each model, however in all models a significant residual covariance between exhaustion and appetite-loss was indicated by large modification index and EPC. Once the model was re-specified to include this covariance (Figure 1a), a satisfactory fit was achieved for all 12 countries (Table 2.a; Supplement A). 

INSERT TABLE 2 & FIGURE 1 ABOUT HERE

The MG-CFA simultaneously estimated all 12 measurement models, where all factor loadings and thresholds were freely estimated. The fit of this model was satisfactory (M1, Table 3) supporting configural invariance, i.e., qualitatively the same relationship between frailty and its indicators across all countries. 
Objective 2: Testing measurement invariance across countries
Imposing equality constraints on all thresholds and factor loadings (M2) led to a substantial deterioration in model fit (χ2∆ (88)1166.23, p <0.001), and only borderline overall model fit (M2 Table 3), suggesting that some constraints were not tenable.   Examination of modification indices and standardized EPCs revealed that the fit of the model could be further improved first by the excluding the Spanish model from invariance testing and second by accounting for instances of measurement bias as there were a number of modification indices greater than 50.00 and EPCs above our cutoff. 
Spain was removed due to the poor fit of the overall model once the equality constraints were included. In addition to this, the modification indices and EPCs for all factor loadings were large (modification indices ranged from 20.41 – 267.86, EPCs 0.14 - 0.77) as were the threshold modification indices and EPCs (modification indices ranged from 37.54 – 312.59, EPCs 0.31 - 0.93). The fit of the model without Spain (M2a, Table 3) was still suggestive of measurement bias, therefore we further examined the modification indices and standardized EPCs to determine which equality constraints were not tenable. 
INSERT TABLE 3 ABOUT HERE
In total, six instances of not tenable equality constraints were identified and removed (Table 3: M3 – M8). The removed equality constraints were in relation to: exhaustion in Sweden (M3); slowness and weakness in Greece (Models M4 and M5); slowness in Israel and France (M6 and M8); and physical activity in Italy (M7). Overall model fit was satisfactory after the removal of these equality constraints (χ2(113) 414.13, p < 0.001, RMSEA = 0.034, 90% CI [0.030 ; 0.037]). The final model parameter estimates are shown for each country in Table 4.
INSERT TABLE 4 ABOUT HERE
Objective 3: Estimating mean levels of frailty across European countries 
The fit of the final model (M8) significantly deteriorated when the means of the latent frailty variable were constrained to be equal across all countries (Denmark was the reference country: χ2∆ (9) 775.71, p <0.001).  The modification indices for five out of 12 countries were greater than 100. Therefore we moved through the modification indices freeing one equality constraint at a time. In total five countries had a significant difference in mean frailty.  The mean difference for Sweden was significantly lower compared to Denmark (-0.27, p <0.001). Whereas, the means differences for Italy (0.37, p <0.001), Belgium (0.18, p <0.001), France (0.34, p <0.001) and Israel (0.70, p <0.001) were significantly higher compared to Denmark. 
Finally, we compared the latent mean frailty scores across countries from the fully constrained model assuming full invariance (M2) to the final partial invariance model (M8). Latent means remained relatively stable for countries where equality constraints were tenable (Table 3.a, Supplement A). The largest change was seen in the means for Greece. Before accounting for measurement bias, the frailty mean difference was significantly higher than the mean for Denmark (selected without loss of generality as the reference country when all means were freely estimated), after accounting for measurement bias the difference in the latent mean became non-significant. With respect to Sweden, France and Israel we would have under estimated mean frailty difference, and over estimated the mean difference of frailty for Italy.
Discussion
Summary
We have described a satisfactory measurement model for the SHARE frailty instrument using data from 12 SHARE countries. All five indicators of frailty loaded significantly on one latent factor, frailty, albeit with a significant residual correlation between the ‘exhaustion’ and ‘appetite-loss’ components.  Configural invariance was met, meaning that frailty as measured in SHARE has the same qualitative structure with respect to its indicator variables across countries.  Partial measurement invariance was met, as individuals from Spain, Greece, Sweden, Italy and France differed in the way they reported certain indicators.  In a final model accounting for measurement bias, there was evidence of variation in the latent mean level of frailty.
Due to good convergence across countries it is reasonable to suggest that the frailty phenomenon can be captured across countries and that assessing frailty within a country is appropriate.  However, using the SHARE frailty scale, we cannot say that all the estimates are comparable across countries. While, ‘slowness’ and ‘low physical activity’ were the indicators most closely linked to frailty (with highest factor loadings of similar magnitude) across all countries, in Greece, France and Israel ‘slowness’ was more important than ‘low physical activity’. However, the Greeks were more likely to report ‘slowness’ and the French and Israelis were less likely to report this symptom.  In Italy ‘physical activity’ was less related to frailty then slowness.  ‘Weakness’ was the only objectively measured indicator of the SHARE frailty instrument. ‘Weakness ‘, ‘exhaustion’ and ‘appetite loss’ were associated with moderate factor loadings across all countries.  In Greece, though there was measurement bias identified with the threshold of ‘weakness’ indicating a Greeks were likely to do perform less well on this task. Finally, in Sweden ‘exhaustion was less related to frailty and Swedes were less likely to report exhaustion.
Implications of findings for the measurement of frailty
Previous work using SHARE has suggested a North-South gradient [6; 25] with respect to frailty and grip strength, however we found no evidence of this with respect to the measurement of frailty nor its mean value across countries.  For example, all parameters associated with Italy were invariant, and Germany partially invariant. It appears that Spain stands out from all other countries, however, understanding the nuanced reasons for these cultural differences are beyond the scope of the current paper.  
After removal of untenable constraints, differences in the frailty latent means were investigated. For countries with invariant frailty indicators, the latent means estimated after accounting for measurement bias remained stable. However, in Greece, Italy, France, Sweden and Israel the estimated mean differences changed. These findings highlight the importance in testing the assumption of measurement invariance. Using these methods we were able to correct for measurement error and ensure factor validity and comparability across cultures, which is not possible when solely relying on sum scores to assess frailty.  
Our findings suggest that a uni-dimensional concept of frailty is valid and is configurally invariant across Europe. A simple sum score of the five indicators will be informative with respect to frailty within a specific country and as the SHARE frailty scale is relatively simple to collect it would be useful for use in the clinic.  However, when comparing across countries researchers must take care. While half of 12 countries can be compared, for the countries where measurement bias was identified, it would not be wise to pool and compare the prevalence of frailty to other countries. 
The uni-dimensional measurement model fit the data well, although a residual covariance was required between ‘exhaustion’ and ‘weight loss’. It is possible that this residual covariance arose because the questions used to assess these two items come from the EURO-D depression scale [26] and so both might additionally reflect underlying depression. The potential overlap between depression and frailty has been previously investigated, with results suggesting that depression and frailty are unique conditions, but with considerable overlap [27]. The items linked to depression may represent a second ‘psychosocial’ dimension of frailty, and is equivalent (in terms of model fit) alternative to introducing a residual covariance is to account for this by introducing a second factor (Figure 1b).  To our knowledge the only other study to report a factor analysis of Fried’s frailty syndrome also identified a two-factor solution that also included a dimension of ‘weight loss’ and ‘exhaustion’ and a second dimension including the other three indicators [9]. 
In this paper we focus on the uni-dimensional model with the residual covariance because to test invariance and successfully identify biased parameters, a minimum of three indicators per latent factor are required [23], this is so that the majority of items (2 out of 3) can be invariant for stable latent mean comparisons [28]. The uni-dimensional model is a useful model for our hypothesis, and may be the preferred model for applications where a single measure of frailty for an individual or population is required.  As George Box put it, “all models are wrong, some are useful”[29]. With respect to the factorial structure of frailty further work is required to determine whether the relationship between exhaustion and weight loss should be considered as a meaningful second clinical factor or whether the relationship is simply a function of the indicators coming from the same scale and is just a nuisance factor.  
Strengths and weaknesses
The strengths of our study are the large sample and identical assessment conducted across twelve countries.  However, the frailty measure derived using SHARE differs from that originally proposed by Fried; weight loss is defined as appetite loss and slowness is measured by a self-reported mobility limitation. Also, neither this measure nor frailty measures in general, have been previously validated using rigorous psychometric methods. However, previous research using these five indicators from SHARE has shown there to be face validity with respect to their use as a measure of frailty [8; 11]. As frailty measures are often opportunistic, a lack of gold-standard remains problematic for researchers of frailty. It is reasonable to assume that there would be overlap between SHARE frailty instrument and Fried as grip strength and physical activity were measured as they would be when using Fried. In large population studies it is not reasonable to expect an objective measure due to resource constraints, we believe that the SHARE frailty measure is adequate for the purposes of understanding frailty in the population. Finally, with just five indicators to analyze frailty, we were limited in our ability to fully explore nuanced differences between countries, yet provide one of the first comprehensive psychometric assessments of the structure of the frailty construct.
With respect to the sample, the response rate was similar in all countries except Switzerland, Sweden and France, but there was no evidence to suggest that this would compromise our conclusions. Finally, we could not exclude participants taking anti-depressants because this was not reported, or those with low mini-mental state exam (MMSE) as MMSE was not conducted in wave one of SHARE. These exclusions were originally proposed by Fried et al. [3].
Conclusion
Frailty as measured by appetite loss, exhaustion, weakness, slowness and reduced physical activity is a valid construct with a qualitatively similar factor structure across the twelve SHARE countries. The relationships between frailty and certain components, although broadly constant, do vary across some countries. Once the variation has been accounted for there is little evidence for differing levels of frailty amongst the middle aged and older populations of European countries.  Future research will help understand how components of frailty can be used for predicting and preventing decline and this will lead to a more robust conceptualization and measurement of the frailty syndrome. 
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Table 1. Frailty Component Item Description
	Frailty Component
	Question
	Measurement

	Unintentional weight loss
	1). What has your appetite been like?
2). Have you been eating more or less than usual?
	1). Diminution in desire for food = 1, or
2). Less = 1

	Exhaustion
	In the past month, have you had too little energy to do the things you want?
	Yes = 1

	Weakness 
	Highest of 4 (2 from each hand) of dynamometer measurement of grip strength in kilograms
	Dichotomized by gender and body mass index cutoffs set by Fried


	Slowness
	Because of health problem expected to last >3 months, do you have difficulty...
1). Walking 100 meters?
2). Climbing a flight of stairs without resting?
	1). Yes = 1 or,
2). Yes = 1

	Low physical activity
	How often do you engage in activities that require a low or moderate level of energy such as gardening, cleaning the car or going for a walk?
	Hardly ever/never or 1 – 3 times a month =1





Table 2. Frailty Component Distribution of the SHARE sample by country (n = 27,666)
	
	Slow
	Appetite Loss 
	Exhaustion
	Weakness
	Physical Activity

	Denmark
	164 (11.17%)
	  92 (  6.27%)
	   443 (30.18%)
	112 (  7.63%)
	90 (6.13%)

	Germany 
	291 (10.60%)
	142 (  5.17%)
	   648 (23.60%)
	187  (  6.81%)
	148 (5.39%)

	Sweden
	182 (  6.56%)
	165 (  5.94%)
	   916 (33.00%)
	236 (  8.50%)
	96 (3.46%)

	The Netherlands
	304 (11.50%)
	125 (  4.73%)
	   640 (24.21%)
	209 (  7.91%)
	164 (6.21%)

	Spain 
	470 (21.54%)
	327 (14.99%)
	1,017 (46.61%)
	607 (27.82%)
	273 (12.51%)

	Italy
	399 (16.86%)
	180 (  7.60%)
	   769 (32.49%)
	403 (17.03%)
	436 (18.42%)

	France 
	320 (11.80%)
	252 (  9.29%)
	   910 (33.55%)
	316 (11.65%)
	324 (11.95%)

	Austria 
	228 (13.25%)
	132 (  7.67%)
	   430 (24.99%)
	105 (  6.10%)
	172 (9.99%)

	Greece
	442 (17.22%)
	189 (  7.71%)
	   646 (26.36%)
	339 (13.83%)
	119 (4.86%)

	Switzerland 
	  56 (  6.31%)
	  48 (  5.41%)
	   239 (26.94%)
	70 (  7.89%)
	33 (3.72%)

	Belgium
	440 (12.87%)
	274 (  8.01%)
	1,059 (30.97%)
	360 (10.53%)
	348 (10.18%)

	Israel 
	414 (18.05%)
	265 (11.55%)
	   825 (35.96%)
	467 (20.36%)
	444 (19.35%)

	Total
	3690 (13.34%)
	2191 (7.92%)
	8542 (30.88%)
	3411 (12.33%)
	2647 (9.57%)








Table 3. Adjusted Chi-Square and Overall Goodness-of-Fit Test Results for Multi-Group Confirmatory Factor Analysis of Frailty model (n = 27,666)
	Model* 
	Adjusted χ2 (df)   
	p-value for overall model fit 
	RMSEA (90% Confidence Interval) 
	Difference test (df) 
	p-value for difference in fit 
	CFI

	M1: Free Model 
	82.74 (48) 
	0.0014
	0.018 
(0.011 ; 0.024) 
	NA
	NA
	0.997

	M2: Fully constrained Model 
	1166.23 (136) 
	<0.0001 
	0.057
(0.054 ; 0.060) 
	995.05 (88) 
	<0.0001
	0.916

	M2a: Fully constrained Model – without Spain
	853.49 (124)
	<0.001
	0.050
(0.047 ; 0.054)
	NA
	NA
	0.935

	M3: Exhaustion – Sweden  
	717.98 (122) 
	<0.0001 
	0.046
(0.043 ; 0.049) 
	115.38 (2) 
	<0.0001
	0.947

	M4: Slow – Greece 
	638.15 (120)
	<0.0001 
	0.043
(0.040 ; 0.046) 
	91.06 (2) 
	<0.0001
	0.954

	M5: Weak – Greece (threshold only)ǂ
	580.39 (119)
	<0.0001 
	0.041
(0.038 ; 0.044) 
	57.97 (1) 
	<0.0001
	0.959

	M6: Slow - Israel
	536.94 (117)
	<0.0001
	0.039
(0.036 ; 0.043)
	49.47 (2)
	<0.0001
	0.963

	M7: Physical Activity - Italy
	474.37 (115) 
	<0.0001 
	0.037 
(0.033 ; 0.040) 
	58.77 (2) 
	<0.0001
	0.968

	M8: Slow  – France
	414.33 (113)
	<0.0001
	0.034
(0.030 ; 0.037) 
	75.96 (2) 
	<0.0001
	0.973


Note: ǂ Factor loading freed was tested and constrained, NS between free or constrained
* M1 corresponds to the model shown in the left panel of figure 1 with all factor loadings and thresholds free to vary across countries.  M2 is the model with all factor loadings and thresholds constrained to be equal across countries.  M2a is the model with Spain removed, the remaining models are based on this model. M3-M8 are models with the loadings and thresholds for successive items freed until an overall satisfactory model fit is achieved in M8.
df = Degrees of freedom


Table 4. Factor Loading and Threshold Estimates with Standard Errors in Brackets for Final Model (Model M8, table 2) (n = 27,666)
	
	Invariant Countries*
	Sweden
	Italy
	France
	Greece
	Israel

	Slow
  Factor load.
  Threshold
	
0.86 (0.02)
1.22 (0.04)
	
       ,
	
       ,
	
1.10 (0.08)
1.56 (0.06)
	
1.25 (0.14)
0.86 (0.07)
	
0.94 (0.06)
1.56 (0.06)

	Weight
  Factor load.
  Threshold
	
0.47 (0.02)
1.51 (0.02)
	
       ,

	
       ,
	
       ,
	
       ,
	
       ,

	Exhaustion
  Factor load.
  Threshold
	
0.52 (0.02)
0.63 (0.02)
	
0.43 (0.04)
0.32 (0.03)
	
       ,
	
       ,
	
       ,
	
       ,

	Weakness
  Factor load.
  Threshold
	
0.57 (0.02)
1.32 (0.02)
	
       ,
	
       ,
	
       ,
	
0.57 (0.02)
1.48 (0.04)
	
       ,

	Physical Activity
  Factor load.
  Threshold
	
0.85 (0.02)
1.48 (0.04)
	
       ,
	
0.62 (0.05)
1.13 (0.04)
	
       ,
	
       ,
	
       ,


* invariant countries are: Denmark, Germany, the Netherlands, Austria, Switzerland, and Belgium. 
Empty cells indicate that the estimates are the same as the invariant countries
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Figure 1:  Two conceptualizations of frailty as measured by five indicators.  Both models fit the SHARE dataset well and are statistically indistinguishable from each other.  Both models represent the apparent relationship between the ‘exhaustion’ and ‘weight loss’ components of the frailty syndrome that are not explained by their dependence on a single common ‘frailty’ factor.  The left panel shows the uni-dimensional model including a residual covariance between exhaustion and weight loss used in our analyses. The right panel shows the covariance conceptualized as a separate factor leading to a two-dimensional model.  
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