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Background: The Family Health Climate (FHC) is a family environment attribute postulated to influence the health behaviors of family members. It can be measured by domain scales for physical activity (FHC-PA) and nutrition (FHC-NU), which have been validated and used to identify health climate patterns in families in Western populations. To extend the use of the scales to Asian settings, this study aimed to adapt and validate the instruments for use in the multi-ethnic population of Singapore, accounting for language and cultural differences.

Methods: In Part A (n = 40) to adapt the scales for the Singapore population, we performed cognitive interviews, face validity testing and pre-testing of the instruments (n = 40). Besides English, the scales were translated into Chinese and Malay. In Part B (n = 400), we performed exploratory and confirmatory factor analyses respectively on two random samples. We also tested for item discriminant validity, internal consistency reliability, construct validity, and measurement invariance.

Results: The findings from the cognitive interviews in Part A led to scale adaptations to accommodate cultural and linguistic factors. In Part B, EFA on Sample I resulted in a three-factor model for the PA scale (accounting for 71.2% variance) and a four-factor model for the NU scale (accounting for 72.8% variance). CFA on Sample II indicated acceptable model fits: FHC-PA: χ2 = 192.29, df = 101, p < 0.001, χ2/df = 1.90; SRMR = 0.049; RMSEA = 0.067; CFI = 0.969; TLI = 0.963; FHC-NU: χ2 = 170.46, df = 98, p < 0.001, χ2/df = 1.74; SRMR = 0.036; RMSEA = 0.061; CFI = 0.967; TLI = 0.960. The scores of family members demonstrated significant agreement on the FHC-PA (Sg) [ICC(2, 2) = 0.77] and FHC-NU (Sg) [ICC(2, 2) = 0.75] scales. Findings suggest good evidence for item discriminant validity, internal consistency reliability, construct validity, and measurement invariance. Short versions of the scales were also developed.

Conclusion: We adapted, translated and validated the scales for assessing the health climate of families in Singapore, including the development of short versions. The results showed good psychometric properties and the constructs had significant relationships with health behaviors and routines. Improving our understanding of family influences on individual health behavior will be important in developing multi-level strategies for health promotion and chronic disease prevention.
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Introduction

Lifestyle behavior interventions are necessary to address the increasing trend of non-communicable chronic diseases (1). Yet intervening in the individuals' lifestyles alone may not be the most effective, for one's personal choices and behavior are also influenced by interactions with environmental factors (2). The family is one important environmental determinant for health behaviors, with studies showing that behavior-related risk factors tend to aggregate within families (3) and findings of spousal concordance for chronic diseases that point to the influence of shared environments, beyond that of shared genetic risk (4–6).

In a shared environment like the family, there are collectively-held opinions, attitudes, feelings, and behaviors that are attributes of life in the social setting, and which may be termed the “climate” (7, 8). The climate may arise in the group of family members through their frequent interaction with each other and the reciprocal influencing of each other over an extended period of time. Based on this concept, i.e., the Model of Family Reciprocal Determinism (9, 10), the Family Health Climate (FHC) has been defined as the perceptions and cognitions concerning health and health behavior that are shared among family members (11). The FHC may be seen as a health behavior framework for an individual family member, through the individual's experience of daily family life, the discussion of health-related topics and family expectations concerning health values, behavior routines and interaction patterns within the family. Through the FHC, references are provided to members for valuing and interpreting their own behavior and that of others, therefore the FHC is an aspect of the family environment that shapes the daily health behaviors of the family members (12–14).

Niermann et al. (11) developed a set of questionnaires to assess a family's health climate in the domains of physical activity (PA) and nutrition (NU). These scales have been tested and validated in the German population. They have provided promising results, as the FHC-PA and FHC-NU scores have been found to be associated with individual variables like healthy eating, physical activity, food parenting practices and children's BMI (15, 16), suggesting relationships between family system influences on children and adolescent health behaviors. The findings also provided evidence for FHC as a family-level variable and can provide insight into how families influence each other's individual lifestyle behaviors. The recent identification of different clusters of families with specific co-occurring health behavioral patterns using the FHC scales (17) allows for targeted approaches to health promotion within the family. To date, the FHC scales have been applied largely in Europe and the USA and more recently validated for the Iranian and Turkish populations (18, 19). To apply the scales in Asian populations, there will be a need to adapt and validate the scales given sociocultural and language differences.

In this study, we aimed to adapt and validate the psychometric properties of the scales for the multi-ethnic population in Singapore. We hypothesized that there will be positive correlations of the respective FHC domains with family lifestyle behavior (frequency of family physical activities and family meals, encouragement for healthy lifestyles, and availability of healthy foods in the household) and to a lesser extent with individual lifestyle behavior (amount of physical activity and healthy food intake). We also hypothesized that there would a negative relationship between the FHC-NU scores and the household availability of unhealthy foods. Since the FHC scales had previously been shown to be a family level variable (11), we also hypothesized that at least moderate inter-rater agreement between family members on FHC scores.



Methods

The study had two parts: Part A included the translation of the FHC scales into Simplified Chinese and Malay, the testing of face validity and the pre-testing of the translated scales. Part B of the study comprised the testing of the item, scale and construct validity of the FHC scales. Short versions of the scales were also developed. The study was approved by the institution's ethics review committee (CIRB Ref. 2020/2195).


Part A
 
Participants

Forty individuals were recruited through an institutional research panel mailing list and an advertisement posted on the institutional website. The inclusion criteria were: age minimum of 15 years, Singapore residents, and fluency in English, Mandarin or Malay. Exclusion criteria were mental or cognitive disorders, as this may confound the responses for the validation process.



FHC scales and procedures

The first round of face validity testing was performed on a group of English-speaking participants (n = 10). The semi-structured, cognitive interviews used a probing technique (20) and lasted approximately 1 hour each. We used the original English version of the FHC scales (11). In the FHC-PA scale, there are 14 items within three factors (value, cohesion, and information): the five items under value assess the importance of being physically active for the whole family; the five items under cohesion assess joint physical activities and having fun together during these activities, while the four items under information assess the extent to which the family searches for and shares information related to sports and exercise (11). The FHC-NU consists of 17 items within four factors (value, cohesion, communication, and consensus): the four items under value assess the family's emphasis on nutrition in daily life; the five items under cohesion assess the importance of eating together with other family members; the five items under communication assess family support for balanced diets, while the three items under consensus assess the agreement of family members regarding daily eating behavior (11).

Based on feedback from the first round of testing, we modified and adapted the items for better understanding amongst the local population. Translations were also made from the English version into Chinese and Malay using professional services [Translation authorization was obtained from the corresponding author of the FHC scales (11)]. Independent translators performed forward and backward translations for each language and differences were reconciled. The Chinese and Malay FHC scales were then presented to new groups of Chinese- and Malay-speaking participants (n = 10 respectively) for face validity testing (see Supplementary File 1 for the Chinese and Malay scales).

Lastly, pre-testing interviews with a new group of English-speaking participants (n = 10) were conducted with the locally adapted scales [“FHC-PA (Sg) and FHC-NU (Sg)”]. They were asked to respond to the items on the 4-point Likert scale and elaborate on their understanding of the items and the sufficiency of the Likert scale. The four-point Likert scale rating was: 0 = “strongly disagree”, 1 = “somewhat disagree”, 2 = “somewhat agree”, 3 = “strongly agree”.



Data analysis

Face validity was analyzed based on participant qualitative feedback and interview transcripts. Specifically, we considered whether the vocabulary and phrasing of the items in the three languages could be understood linguistically and semantically. For each scale item, the study team discussed and made decisions together to modify the wording of the items if necessary.

After pre-testing the modified scales, we analyzed the qualitative feedback and interview transcripts to evaluate the adequacy of the 4-point response scale, as well as the cultural thought processes elicited by the items. Items were further modified, if necessary, based on consensus from among the study team.




Part B
 

Participants

Two hundred family dyads (i.e., 400 individuals) were recruited from the research panel of a survey vendor and from online advertisements placed on Facebook. The inclusion criteria were: age 15 years and above, Singapore residents, and living in the same household. Single-person households and tenants were excluded, as they do not share essential living arrangements, e.g., food preparation. A minimum sample size of 200 individuals, or at least 10 individuals per item for validation have been recommended in the literature (21–24). With a total of 33 items for the FHC (Sg) scales [16 items for Physical Activity (PA) and 17 items for Nutrition (NU)], our sample size met both criteria.



Procedures

Participants filled in the Singapore Family Health Climate scales [FHC (Sg)] and other self-reported measures related to physical activity and diet (described below) to test construct validity. This was done via an online survey platform. Data on the demographic characteristics of participants (age, sex, race, education, occupation, marital status, type of housing and household income) were also collected. English versions of the questionnaires were used.



Measures
 
Singapore family health climate scales

Following the results of Part A of the study, we used Version 1 of the Singapore scales (see Supplementary File 2). The FHC-PA (Sg) consisted of three factors (value, cohesion, and information) with a total of 16 items. The FHC-NU (Sg) consisted of four factors (value, cohesion, communication, and consensus), with a total of 17 items. The questionnaire used a four-point Likert scale rating of 0 = “strongly disagree”, 1 = “somewhat disagree”, 2 = “somewhat agree”, 3 = “strongly agree”. The range of possible scores for FHC-PA (Sg) and FHC-NU (Sg) were from 0 to 48 and 0 to 51 respectively, with higher scores indicating a better family health climate.



International physical activity questionnaire

We used the IPAQ, a 27-item questionnaire to assess the time spent by an individual on physical activity over the last seven days. The IPAQ has shown acceptable test-retest reliability and criterion validity across countries (25). We used the IPAQ scoring protocol for calculating physical activity-related energy expenditures (MET-minutes/week), focusing on the domain of recreation, sport, and leisure.



Diet screener

We used a 37-item diet screener (26) to assess the frequency of food eaten by an individual over the past year. It consists of items from the major food groups, such as grains, protein foods, dairy, fruits, vegetables, and foods high in sugar or fat, along with the types of drinks consumed. The diet screener has shown reasonable validity and good reproducibility when compared against the detailed Food Frequency Questionnaire in the Singapore population (26).

The Dietary Approaches to Stop Hypertension (DASH) scoring index (27) was used to calculate the intake of seven food groups: whole grains, fruits, vegetables, nuts and legumes, low fat dairy, red processed meats (reversed scoring), and sweet beverages (reversed scoring). Sodium was excluded from the total DASH score, as the diet screener may not accurately assess it, given the wide variation of sodium content in Asian dishes (26). DASH scores range from 7 to 35, with higher scores indicating higher consumption frequency of healthy food and/or lower consumption frequency from unhealthy food in comparison with other participants.



Family-related lifestyle behaviors

As part of construct validity testing, we probed family routines and support for healthy lifestyles and the availability of healthy foods (11). Specifically, we looked at the frequency of family engagement in physical activities or meals together, the frequency of encouragement by family members for partaking in physical activities or eating healthily, and the frequency of healthy and unhealthy foods made available in the household. A five-point Likert scale (1 = “Never” to 5 = “Very often”) was used.




Data analysis

The dataset was divided into two samples to perform exploratory factor analysis (EFA) and confirmatory factor analysis (CFA), based on stratification of demographic characteristics: age [ < or ≥ median age of sample (41 years)], sex (male, female), and education (below tertiary level, tertiary level and above). Within these stratifications, random allocation to the two samples was done using a random number generator, resulting in n = 200 for each sample. There was no missing data, as the online survey platform would prompt for missing responses. STATA version 16.0 (STATA Corp LLC, TX, USA) was used for EFA and CFA. The rest of the data analysis was performed using IBM SPSS Statistics for Windows version 26.0 (IBM Corp., NY, USA).

The suitability of running an EFA was assessed through the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy, yielding an acceptable KMO statistic ≥ 0.70 (28) and a statistically significant χ2 value upon the Bartlett's Test of Sphericity (29). We then performed EFA on Sample I using principal axis factor extraction with oblique promax rotation (30, 31) to explore the underlying factorial structures in both FHC-PA and FHC-NU. The number of factors to be extracted was based on an initial eigenvalue threshold of 0.80 (31) and guided also by the structure of the original FHC factor model (PA: 3 factors, NU: 4 factors) (11). The criteria to retain items were: >0.40 for factor loadings, ≥0.4 corrected item-total correlations, and <0.4 communality (32). Skewness and kurtosis for the PA and NU scales were within the thresholds of 0 and 7 respectively (33). Visual inspections of the Q-Q plots for the FHC-PA and FHC-NU scores were done to assess normality and outliers. All 200 observations for FHC-PA were kept. One outlier (>3 SD) from the FHC-NU scores was removed.

To verify the factor structures obtained, CFA was performed on Sample II using independent cluster models. The commonly recommended fit indices χ2/df, TLI, CFI, SRMR and RMSEA were used to assess the overall goodness-of-fit. A good fit is indicated by χ2/df < 5, SRMR ≤ 0.08, RMSEA ≤ 0.06, CFI ≥ 0.95 and TLI ≥ 0.95 (34), while CFI ≥ 0.90, SRMR <0.10 and RMSEA <0.08 are considered adequate fits (34, 35).

We tested the assumptions of item scoring and the summated rating scales with the IQOLA Project Approach (36). The main assumptions tested were: (1) items in each factor contain a similar amount of information as the construct under examination; (2) items have homogeneous variances so that they contribute equally to the total score; (3) items are linearly related to the total score. Using both samples, we looked at the similarity of item means and standard deviations within each factor. We computed corrected item-total correlations after respectively removing items of interest from their respective factor scores to avoid inflated correlations. A threshold of 0.40 for the item-total correlations indicated item internal consistency. Item discriminant validity was tested by looking at whether item-total correlations were significantly higher for the corresponding factor than for competing factors. We also measured the internal consistency reliability of the factor items, i.e., how much the items in the factor co-vary relative to their sum score. Cronbach's alpha with a threshold of 0.70 was used.

To test construct validity, we assessed the correlations of the FHC scores with related measures on family routines, family support for healthy lifestyle, availability of healthy foods, using Samples I and II. Interpretation of Pearson's correlation coefficient (37) were as follows: r < 0.30, weak; 0.3 ≤ r < 0.49, moderate; 0.50 ≤ r < 1.00, strong correlation.

To ensure that the scales are measuring the same constructs across demographic groups, tests of measurement invariance (configural, metric and scalar) for age, sex, and education levels were performed on both samples. Configural invariance would be supported through finding equivalent numbers of factors and similar loadings of items onto their respective factors (38). Metric invariance would be analyzed by constraining factor loadings to be equivalent in the groups and comparing the model fit with that of the configural invariance model (i.e., unconstrained model) (38). The following thresholds determined metric invariance (Chen, 2007): a change of ≤ −0.010 in CFI, together with a RMSEA change of ≤ 0.015 or a SRMR change of ≤ 0.030. Upon support of metric invariance, we proceeded to test scalar invariance by constraining item intercepts to be equivalent among the groups (38). The thresholds for scalar invariance were: a change of ≤ −0.010 in CFI, together with a RMSEA change of ≤ 0.015 or a SRMR change of ≤ 0.010 (39). If non-invariance was found, we would investigate the source of non-invariance by unconstraining item loadings or intercepts and retesting the model to achieve a partial invariance model (38).

Finally, to assess the FHC (Sg) as a family-level variable, we used intraclass correlations to measure the concordance of responses among family dyads. A two-way, random-effects ICC model based on average measures between the dyads was used to assess the absolute agreement of FHC (Sg) scores for each dyad. Mean estimations along with 95% confidence intervals (CI) were reported for each ICC. Interpretations of ICC values were as follows: ICC < 0.50, poor; 0.50 ≤ ICC < 0.75, moderate; 0.75 ≤ ICC < 0.90, good; ICC > 0.90, excellent agreement (40).

After testing the full scales, short versions were developed (see Supplementary File 3 for details).




Results


Part A: Face validity and pre-testing

The participants' mean age was 40 years (SD = 12.5; range 20–71 years old). 75% were female, 72.5% were Chinese, 25% were Malay, 2.5% were of other races, and 80% had tertiary education. A variety of family household types were represented: 1-generation (12.8%), 2-generation (71.8%), 3-generation (15.4%), with an average of four persons living in one household.

The cognitive interviews elicited feedback on the wordings and understanding of the items, which resulted in the following changes: (1) Examples of physical activity and nutrition-related behavior were specified in the first item of each scale to orientate participants to the relevant contexts and to standardize thinking of what physical activity or nutrition might mean, especially in the local context. (2) Items that pertained to obtaining physical activity or nutrition information were updated to account for trends in searching for information online, e.g., “read newspaper or magazine articles” were modified to include both printed and online material. Similarly, “watch TV-programmes” was amended to “watch videos (e.g., on YouTube, Netflix, TV)” (3) Words and phrases were modified for better local understanding and interpretation of the scale items: The word “healthful” was changed to “healthy”. “Leisure time” was changed to “free time”. “It goes without saying” was simplified to “It is normal”. The phrase “like being together” was changed to “enjoy our time together”. The participants viewed physical activity and sports as distinct from each other; thus, we tested separate items with these words for uniqueness of contribution to our final scale. The original examples of sports provided were also changed from “bike tours and hikes” to “cycling, ball games, canoeing”, as highlighted by some participants that the original examples were not commonly played sports by families in Singapore. The appending of the word, “healthy” to items on nutrition and diet served to orientate participants to thinking of “healthy diet” and “healthy nutrition”, since there was feedback that the words “diet” and “nutrition” did not necessarily have positive meanings. Participants found it difficult to answer one of the original items under the consensus factor, “In our family, we rarely argue about food- or diet-related matters.” Some participants felt that the word “argue” was too strong a word to use and carried negative connotations, while others felt that some families may not argue to avoid conflict despite not agreeing.

Modifications to the wording of the original four-point Likert scale were made for easier understanding while retaining the graded meanings: The original version (0 = “definitely false”, 1 = “rather false”, 2 = “rather true”, 3 = “definitely true”) was modified to the following (0 = ”strongly disagree”, 1 = “somewhat disagree”, 2 = “somewhat agree”, 3 = “strongly agree”).

Two items were added to the FHC-PA (Sg) to reflect concepts that were measured in the original FHC-NU but not the original FHC-PA (“In our family, we encourage and support each other to be physically active”; “In our family, we usually agree on physical activities to do together”). At this stage, the FHC-PA (Sg) consisted of 16 items and the FHC-NU (Sg) consisted of 17 items. These “Version 1” scales can be found in Supplementary File 2. The score range for the FHC-PA (Sg) was 0 to 48, while the range for the FHC-NU (Sg) was 0 to 51.



Part B: Factor structure and validity for item, scale, and constructs

The participants comprised 200 dyads from the same household and their relationships were: 43% parent-child, 37.5% couples, 19% siblings, and 0.5% aunt-nephew. 83% of the dyads lived in public housing and the remainder in private housing. 50.5% had household income between ≤ $7500. The mean age was 42 years (SD = 15.18; range 15–85 years old). 62.7% were female, 86.5% were Chinese, 6.0% were Malay, 6.3% were Indian, and 67.3% had tertiary education. There was a larger representation of female participants (62.7% vs. 51.1%) and those with tertiary education (67.3% vs. 32.4%), as compared to the population (41).



Exploratory factor analysis

Sample I data for both sets of scale items were suitable for EFA as shown by the following statistics: FHC-PA (Sg): KMO statistic = 0.93; Bartlett's Sphericity Test χ2(120) = 2963.28, p < 0.001. FHC-NU (Sg): KMO statistic = 0.92; Bartlett's Sphericity Test χ2(136) = 2832.03, p < 0.001.


FHC-PA (Sg) scale

Three factors with eigenvalues ranging from 1.16 to 8.93 were identified and extracted, accounting for 71.7% of the variance. The three factors corresponded to the original factors of cohesion, value and information. The factor cohesion, which consists of items on family members engaging in physical activities together and the level of enjoyment of physical activity experienced together as a family, accounted for 55.8% of variance (6 items, eigenvalue = 8.93). The factor value contains items that represent the importance of physical activity in the family, and accounted for 8.6% of variance (6 items, eigenvalue = 1.38). Lastly, the factor information, which contains items on the use and collection of information materials relevant to physical activity in the family, accounted for 7.3% of variance (4 items, eigenvalue = 1.16). Factor loadings ranged from 0.54 to 0.97 (Table 1) and all items met the retention criteria. The two newly included items, which focused on encouragement and support to be physically active and agreement on doing physical activities together, loaded on the factors of value and cohesion respectively. A family that values the importance of physical activity would naturally encourage and support one another to engage in physical activity. Likewise, a family who is cohesive in terms of the climate on physical activity would likely agree more on exercising together.


TABLE 1 Item descriptives, factors, and item parameters of FHC-PA (Sg).

[image: Table 1]



FHC-NU (Sg) scale

An initial iteration identified two factors with eigenvalues 2.58 and 7.92. One item (“In our family, we rarely argue about food- or diet-related matters”) was dropped as it had a communality >0.4 and did not meet the item retention criteria. To match the original structure, we specified four factors. The retained items loaded into the four factors, with factor loadings ranging from 0.42 to 0.97 (Table 2), and corresponded well with the items under the original factors of value, communication, cohesion and consensus. 72.8% of total variance was accounted for by the four factors. The factor value, which contains items on the importance of nutrition, accounted for 49.5% of total variance (4 items, eigenvalue = 7.92). The factor communication covers items on family members actively communicating and encouraging each other about healthy diets, and accounted for 16.2% of total variance (5 items, eigenvalue = 2.59). The factor cohesion is concerned with the frequency and importance of having family meals together, and accounted for 4.3% of total variance (5 items, eigenvalue = 0.70). Finally the factor consensus relates to the agreement of family members on food-related matters, and accounted for 2.7% of total variance (2 items, eigenvalue = 0.43). Although the eigenvalues for the cohesion and consensus factor did not meet the 0.80 threshold, the two factors were kept for the following reasons: they were relatively distinct (the correlations between the factors were smaller than their reliability coefficients (Table 3), indicating unique variance measured by the factors (42), their internal consistency was high (0.93 and 0.83 for cohesion and consensus respectively; Table 3), and their inclusion allowed us to follow the original interpretation of the FHC model more closely.


TABLE 2 Item descriptives, factors, and item parameters of FHC-NU (Sg).

[image: Table 2]


TABLE 3 Cronbach alpha coefficients and inter-factor Pearson's correlations of FHC (Sg) scales.

[image: Table 3]




Confirmatory factor analysis

For FHC-PA (Sg), the fit indices (χ2 = 192.29, df = 101, p < 0.01, χ2/df = 1.90; SRMR = 0.049; RMSEA = 0.067; CFI = 0.969; TLI = 0.963) indicated an acceptable fit. Factor loadings, item-total correlations and inter-factor correlations are shown in Table 1 and Figure 1.


[image: Figure 1]
FIGURE 1
 FHC-PA (Sg) standardized factor loadings and inter-factor correlations.


For FHC-NU (Sg), the fit indices (χ2 = 170.46, df = 98, p < 0.01, χ2/df = 1.74; SRMR = 0.036; RMSEA = 0.061; CFI = 0.967; TLI = 0.960) indicated an acceptable fit. Factor loadings, item-total correlations and inter-factor correlations are shown in Table 2 and Figure 2.


[image: Figure 2]
FIGURE 2
 FHC-NU (Sg) standardized factor loadings and inter-factor correlations.




Testing of assumptions for item scoring and the summated rating scales

The assumptions were supported. Item means and standard deviations were relatively similar within each factor (Tables 1, 2). The standard deviations for the items were below 1 and relatively homogeneous. The corrected item-total correlations for FHC-PA (Sg) and FHC-NU (Sg) were all greater than the threshold of 0.4 (Tables 1, 2). Item-total correlations of items were highest for their own scale (factor) as compared to correlations with other factors (Tables 4, 5). Item discriminant validity for both FHC-PA (Sg) and FHC-NU (Sg) were met (Tables 6, 7). Internal consistency of the factors met the Cronbach's alpha threshold of 0.7 (Table 3).


TABLE 4 Item-total correlations of FHC-PA (Sg) scale.

[image: Table 4]


TABLE 5 Item-total correlations of FHC-NU (Sg) scale.

[image: Table 5]


TABLE 6 Item-level discriminant validity testing for FHC-PA (Sg).

[image: Table 6]


TABLE 7 Item-level discriminant validity testing for FHC-NU (Sg).

[image: Table 7]



Construct validity

From Table 8, it can be seen that FHC-PA (Sg) was strongly correlated with the frequency of family engaging in physical activity together (r = 0.65, p < 0.001), as well as higher frequency of family encouraging each other to exercise (r = 0.57, p < 0.001), supporting convergent construct validity. Total FHC-PA (Sg) was weakly associated with an individual's amount of recreational physical activity as computed by the total Metabolic Equivalent of Task (MET) per week (r = 0.16, p < 0.001).


TABLE 8 Pearson's correlations for FHC-PA (Sg) with family- and individual-level physical activity behaviors.

[image: Table 8]

FHC-NU (Sg) scores were significantly correlated with independent measurements concerning diet and nutrition on both the family and individual levels, supporting convergent construct validity for this scale (Table 9). FHC-NU (Sg) scores were moderately to strongly correlated with the frequency of family meals (r = 0.44, p < 0.001), the frequency of encouraging each other to eat healthily (r = 0.62, p < 0.001), and the availability of healthy foods at home (r = 0.45, p < 0.001). As hypothesized, there was a negative correlation with the availability of unhealthy foods at home (r = −0.25, p < 0.001). On the individual-level, higher total FHC-NU (Sg) scores were moderately correlated with higher DASH scores that indicate healthier diets (r = 0.31, p < 0.001).


TABLE 9 Pearson's correlations for FHC-NU (Sg) with family- and individual-level nutrition behaviors.

[image: Table 9]



Measurement invariance

The tests of measurement invariance and their goodness-of-fits across sex, age and education levels are shown in Table 10. The mean scores and SDs for each scale and factor by the demographic groups can be found in Tables 11, 12. For the FHC-PA (Sg) scale, configural invariance was supported across sex, age and education levels. The metric invariance model (constrained factor loadings) was not significantly different from the configural invariance model (fully unconstrained) for sex (Δχ2 = 21.7, Δdf = 16, p = 0.15) and education levels (Δχ2 = 19.4, Δdf = 16, p = 0.25). Across age groups, the constrained and unconstrained models differed significantly in goodness of fit (Δχ2 = 28.7, Δdf = 16, p = 0.03). Five items, which were all from the value factor, contributed to the fit differences. We tested for partial metric invariance by unconstraining the factor loadings of these items while the rest of the items remained constrained. Partial metric invariance was confirmed (Δχ2 = 4.64, Δdf = 11, p = 0.95). For scalar invariance (comparing models with constrained vs. unconstrained item intercepts), it was supported for all groups: sex (Δχ2 = 19.8, Δdf = 16, p = 0.23), age (Δχ2 = 17.5, Δdf = 16, p = 0.36), and education levels (Δχ2 = 16.1, Δdf = 16, p = 0.45).


TABLE 10 Fit-indices of the models for testing of measurement invariance.

[image: Table 10]


TABLE 11 Demographic group means and standard deviations for FHC-PA (Sg) scale and factor levels.

[image: Table 11]


TABLE 12 Demographic group means and standard deviations for FHC-NU (Sg) scale and factor levels.
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For the FHC-NU (Sg) scale, configural invariance was supported across sex, age and education levels. For metric invariance, the constrained and unconstrained models did not differ significantly for sex (Δχ2 = 12.6, Δdf = 16, p = 0.70), age (Δχ2 = 11.2, Δdf = 16, p = 0.80) and education levels (Δχ2 = 10.6, Δdf = 16, p = 0.84), supporting metric invariance. Scalar invariance was also supported for sex (Δχ2 = 16.0, Δdf = 16, p = 0.46), age (Δχ2 = 18.2, Δdf = 16, p = 0.31) and education levels (Δχ2 = 18.45, Δdf = 16, p = 0.30).



Intraclass correlations for family dyad scores

A good level of agreement was found between members of family dyads for FHC-PA (Sg) and there was a moderate level of agreement for FHC-NU (Sg). The average measure ICC(2, 2) for FHC-PA (Sg) was 0.77, with a 95% CI from 0.70 to 0.83 [F(199, 199) = 4.41, p < 0.001]. For FHC-NU (Sg), the average measure ICC(2, 2) was 0.75 with a 95% CI from 0.67 to 0.81 [F(199, 199) = 4.00, p < 0.001]. Moderate to good levels of agreement were also found comparing dyad scores for the individual factors of FHC-PA (Sg) and FHC-NU (Sg) (Table 13).


TABLE 13 Intraclass correlations (ICC) of FHC-Sg scales within family dyads.
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Discussion

Based on the original Family Health Climate scales developed by Niermann et al. (11), we have developed a culturally appropriate set of scales, including Chinese and Malay translations, for the multi-ethnic population in Singapore. We have tested the scales' psychometric properties and validated them from item to factor level and across demographic groups. The FHC (Sg) scores also demonstrated good inter-rater reliability within family dyads, supporting FHC (Sg) as a family-level variable.


Language and cultural considerations

Given the multi-ethnic population in Singapore, the FHC scales were translated into Simplified Chinese and Malay, as this would cover up to 96.1% of the population who spoke English, Chinese, Chinese dialect or Malay at home (43) [Tamil, the fourth national language is spoken by 2.5% at home, the majority of whom are also able to communicate in English, thus we did not translate the FHC scales into Tamil (43)] Since the original FHC scales were translated from German (11), face validity and pre-testing interviews of the FHC (Sg) scales were conducted to examine potential differences in understanding and interpretations, and account for cultural influences on language encoding or decoding processes. An example is the perceived negative connotation attached to the word “argue”, in one of the items under the consensus factor, “In our family, we rarely argue about food- or diet-related matters”. Participants felt the word “argue” was too negative and that including it would not serve the purpose of the probe, since some Asian families, despite disagreeing, may not argue simply to avoid conflict. Asian cultures are known to be collectivistic and conflict avoidance is an associated characteristic, as compared to individualism in Western cultures (44). In line with the qualitative feedback received, we also found that this item had high communality and thus we eventually removed the item from the FHC-NU (Sg) scale.



Factor structure of the FHC (Sg) scales

Overall the factor structures and item loadings of the FHC (Sg) scales show that the intended concepts of the original FHC scales did not differ much for the Singapore population. All three original factors (value, cohesion, information) for the FHC-PA were replicated in the Singapore version even with the inclusion of two new items (Val6 and Coh6), which were mirrors of FHC-NU items. The original four factors for the FHC-NU scale were also replicated (value, communication, cohesion and consensus) (11). The fourth factor, consensus currently has two items, as the third item on “…we rarely argue about food- or diet-related matters” was dropped, since it did not meet the item inclusion criteria and also received poor feedback during the cognitive interviews, as discussed in the section above. With two items remaining in the consensus factor, the removal of the factor altogether may be considered (45). We chose to retain the factor, because firstly, the concept of consensus is important when considering the nutrition “climate” of a family. Since a “climate” encompasses opinions, attitudes, feelings, and behaviors that are shared within a social group (7, 8), the factor of consensus (the agreement of family members on daily eating behavior) is an important contributor to the climate concept. Second, the goodness-of-fits for this model met acceptable thresholds and surpassed the fits for models with the same items forced into three factors, or models that did not drop the item (The results of these EFAs are not reported here, but can be requested from the authors). Third, the two items on the consensus factor are highly correlated with each other (r = 0.71) and less correlated with other items (r from 0.46 to 0.59; Tables 4, 5) (32). Future studies should nonetheless consider generating additional items for the consensus factor to strengthen its construct.



Validity and reliability

Across various tests, the scales showed validity and reliability: The assumptions for item scoring and the summated rating scales were tested to be valid. There was internal consistency reliability for each factor, as shown by the high Cronbach alphas. Construct validity was supported: the FHC-PA (Sg) and FHC-NU (Sg) scores were strongly and positively correlated with independent measurements for family-level behavior concerning physical activity and nutrition (i.e., family routines for exercise and meals, the frequency of encouragement among family members for these behaviors, and the availability of healthy foods in the household). Conversely, the availability of unhealthy foods in the household was negatively correlated with the FHC-NU (Sg) score. These results show the close relationship of the FHC to health-related behavior of the family as a whole and provide support for the FHC as a family-level construct (11). The FHC is also expected to be related, albeit less strongly, to individual health behaviors; this is because even though the health climate of a family should influence one's health behavior, it is a broad, collective attribute that is distinct from objective, specific measurements of physical activity and nutrition for the individual (11, 46). Indeed we found that though the correlations were significant, it was relatively weak for the FHC-PA (Sg) with individual physical activity levels, while the FHC-NU (Sg) was moderately correlated with individual diet quality. It would be important for intervention strategies to understand the mechanisms by which the FHC may percolate within the family to influence individual members' health behaviors.



Measurement invariance

Psychometric equivalence of the FHC-NU construct was found across age, sex and education levels, as demonstrated through configural, metric and scalar measurement invariance. For FHC-PA, there was similarly measurement invariance across the demographic groups, with the exception of partial metric invariance for age groups. The non-invariant items belonged to the value factor, meaning that the items do not contribute to the value construct in a similar degree across age. Caution may be needed when administering the FHC-PA (Sg) to a wide age range, even though the effects on the mean differences of the value factor are unlikely to be significant, given that simulations have shown that partial metric invariance generally has minimal effects (47).



Relationship of dyadic scores

The ratings between family dyad members for FHC-PA (Sg) and FHC-NU (Sg) had at least moderate to good levels of agreement within pairings ranging from parent-child, couples, siblings and aunt-nephew, as indicated by the intraclass correlations [ICC(2, 2)]. Taken together with our findings of strong correlations between the scale scores with relevant family-level behaviors, it adds support to the concept of FHC as a family-level variable (11, 16). These results also provide confidence that a single family member's FHC rating is likely to be representative of the other family members (11, 48, 49).

As an aspect of family life, it would be necessary to find out how a healthy FHC is developed and how it in turn influences individuals. Work on this has started, e.g., Wasche et al., 2021 (50) have explored the underlying processes and mechanisms which create the FHC that influences family members' health behaviors. Further work in different cultural settings is needed, where family systems are likely to be different (51). Understanding the role of the family in health promotion and the models and mechanisms involved in families with varied characteristics will allow us to better develop family-based interventions to improve the health climate, individuals' lifestyles and their health (52).



Strengths and limitations of study

As far as we are aware, this is the first study on the family health climate in Singapore and Southeast Asia, a region with a unique mix of cultures and languages, which necessitates the adaptation and translation of the FHC scales. As the Malay and Chinese languages are also used in several other population groups around Southeast Asia, the adapted and translated scales may prove useful for studies on family health climates in the region. Furthermore, with studies highlighting the differences in health and lifestyle behaviors among the various ethnicities in Singapore (53), the FHC instrument can help identify key, actionable constructs of family climates that may be common to target in promotion of healthier lifestyles.

The limitations in the study include the following: The generalisability of the FHC (Sg) scales could be limited by the over-representation of female participants and those with tertiary education, as compared to the population (41). However, this was mitigated by the tests of measurement invariance, which indicated the equivalence of the constructs across sex and education levels. Measurement invariance was not tested across ethnicity, because the group sizes were statistically unbalanced (86% Chinese ethnicity, with Malays (6%), Indians (6%) and other races forming the remainder in the Part B sample), and this would affect the accuracy of the results (54). The length of time the sample of family dyads lived together could be a factor in the FHC scores, but as there was no data on this, we cannot yet assess the role of this factor. Future studies could also be done to confirm the factor structures, internal reliability and construct validity of the face-valid Chinese and Malay versions, which were not used in Part B. Finally, the study data was collected during the COVID-19 period, which could have disrupted to some extent family and/or individual lifestyle behaviors and routines. While it is unlikely that such changes will significantly impact the FHC scores, since the family health climate is likely to be developed over time through family processes (11, 16, 49), the correlations of FHC scores with family- and individual-level health behaviors and routines could have been underestimated due to the pandemic's disruptions to daily life.




Conclusion

This study has validated the use of the FHC (Sg) scales in English, together with Chinese and Malay translations, to enable assessments of the health climate of families in Singapore. Overall the results showed good psychometric properties, with the FHC constructs further shown to be family-level variables with strong relationships to family health behaviors and routines, and associated also with individual health behavior to a lesser degree. Short versions of the FHC (Sg) scales have also been developed for ease of use in future studies. Understanding the family influence on individual health behavior will be key in developing strategies for healthy lifestyle promotion and disease prevention.
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FHC-NU (Sg) Factor 1 (Val) Factor 2 (Comm) Factor 3 (Coh) Factor 4 (Con)

Sex

Female (n = 251) 35.00 (7.93) 869 (231) 1051 (291) 1159 (3.23) 421(1.20)
Male (n = 149) 34.50 (7.80) 8.64 (2.50) 10.10 (3.10) 1156 (2.90) 4.19(1.13)
Age

Young (n = 194) 3452(7.32) 852(227) 10.19 (2.88) 1166 (3.01) 415 (1.12)
Old (n = 206) 35.09(8.37) 8.82 (248) 1051 (3.08) 1151 (320) 425(1.22)
Education

Tertiary (n = 269) 35.06(7.57) 880 (2.33) 1042 (291) 1165 (3.02) 418 (1.17)
Pre-tertiary (n = 131) 34.32(8.48) 8.41(247) 1022 (3.13) 1144 (328) 425 (1.18)

tandard deviations are indicated in brackets.
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FHC-PA (Sg) Item-total correlations
Label Item description (In our family...) Factor 1 (Val) Factor 2 (Coh) Factor 3 (Inf)

Factor 1 = Value (Val)

Vall .awe make it a point of being physically active during our daily life (e.g. taking 081 063 052
walks, exercising, playing sports)

Val2 .itis normal to be physically active on a regular basis 0.86° 067 051

Val3 is normal for us that we exercise on a regular basis 087 063 052

Vald itis normal to be physically active in our free time 073* 0.60 0.49

Vals .we agree that physical activities are part of our daly life 0.82° 062 052

Valé .. we encourage and support each other to be physically active 070° 064 051

Factor 2 = Cohesion (Coh)

Cohl e like spending time together doing physical activities 072 086° 058

Coh2 e enjoy exercising together 0.68 089" 054

Coh3 we have fun doing physical activities together 064 0.89° 050

Cohd .we find it very pleasant to be together doing physical activities 0.66 0.86* 049

Cohs we like spending time together in sports (g, cycling, ball games, canoeing) 058 076" 053

Coh6 we usually agree on physical activities to do together 066 081+ 0,61

Factor 3 = Information (Inf)

Infl e watch videos (e.g, on YouTube, Netflix, or TV) on fitness, physical 041 042 057°
activities, or exercise

Inf2 we actively look for the latest information on physical activity and exercise to 056 059 0.80°
stay up to date

Inf3 .we collect information (e.g., download/bookmark online information, cut out 051 0.55 0.80"

print articles) on fitness, physical activity, and exercise

Inft .we read articles (printed or online) on fitness, physical activity, and exercise 054 051 075°

“Highest correlation among the factors. Item-total correlations have been corrected for over
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Sample I (n=200)  Sample Il (n=200) Samples I and II (n = 400)

Label Item Description (In our family...) M (SD) AEFA M (SD) acFA Teorr

Vall ..we make ita point of being physically active during our 2,01 (0.74) 087 1.77 (0.74) 082 081
daily life (c.g., taking walks, exercising, playing sports)

Val2 .itis normal to be physically active on a regular basis 1.98 (0.75) 0.93 178 (0.74) 0388 0386

Val3 ..itis normal for us that we exercise on a regular basis 1.84/(083) 092 171 (081) 090 087

Vald  .itis normal to be physically active in our free time 188 (0.72) 0.54 172 (0.70) 080 073

Vals..we agree that physical activities are part of our daily life 201 (0.71) 079 182 (0.74) 083 082

Val6 ..we encourage and support each other to be physically 2.09(0.72) 057 193 (0.75) 073 0.70
active

Cohl ..we like spending time together doing physical activities 180 (0.78) 0.65 162 (0.79) 091 086

Coh2 ..we enjoy exercising together 177 (081) 085 1.55 (0.83) 092 089

Coh3 ..we have fun doing physical activities together 187 (079) 097 1.70 (0.80) 092 089

Cohd .. find it very pleasant to be together doing physical 190 (0.75) 092 173 081) 0388 086
activities

CohS ..we like spending time together in sports (e.g, cycling, ball 1,59 (0.89) 077 143 (0.87) 076 076
games, canoeing)

Coh6 ..we usually agree on physical activities to do together 179 (0.78) 0.61 1.62 (0.83) 086 081

Infl .we watch videos (e.g, on YouTube, Netflix, or TV) on 153 (0.91) 0.67 149 (0.87) 061 057

fitness, physical activities, or exercise

2 .weactivelylook for the latest information on physical 141 (082) 081 120 (0:83) 0388 080
activity and exercise to stay up to date

Inf5 .we collect information (g, download/bookmark online 132 (0.81) 085 117 (081) 089 080
information, cut out print articles) on fitness, physical
activity, and exercise

Infi.we read articles (printed or online) on fitness, physical 152 (0.80) 0385 131 (0:88) 085 075

activity, and exercise

D, standard deviation; rer, corrected item-total correlations; ags, factor loadings of exploratory factor analysis; ace, factor loadings of confirmatory factor analysis; Val, Value;
Max

Inf, Information. Full range of Likert scale scoring for each item was used (Min
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Sample I (n = 199%) Sample I (n =200)  Samples I and II (n = 399%)

Label  Item Description (It our family...) M (SD) agFA M (SD) acra Foor

Vall . healthy diet is important to us (e.g., type 235 (0.66) 075 224(064) 080 076
and amount of food, meal timings)

Val2 e pay attention to eating healthily 224(067) 085 218(061) 089 084

Val3 .we eat healthily on a regular basis 210 (071) 078 2,07 (0.64) 082 080

Vald .itis normal for us to choose healthy foods 213(072) 070 210 (0.61) 084 081

Com1 ...we are interested in articles (print or online) 1.86 (0.78) 0.42 1.71(0.81) 0.59 058

on healthy nutrition

Com2 .we remind each other to pay attention to a 220 (069) 0.66 2.16(065) 081 075
healthy diet

Com3  talk about which foods are healthy 213(071) 092 209(0.73) [ 082

Comd .we encourage and support each other to 218 (0.69) 054 218 (0.69) 077 072
refirain from eating/drinking unhealthy things

Com5 .wetalk about how to eat healthily 2.14(0.72) 082 212(0.64) 087 080

Cohl ..we value spending time together during meals 237 (0.70) 079 2.32(0.66) 081 081

Coh2 verybody enjoys having meals together 242 (0.68) 085 230 (0.65) 0.6 085

Coh3 .catingtogetherisa part of our daily family life  2.31 (0.73) 094 219(072) 084 083

Cohd e enjoy meals most when we sitat the same 2,36 (0.72) 097 228 (067) 087 086
table.

Coh5 ..we tryto eat together as often as possible 240 (0.67) 073 229/(065) 079 075

Conl .weagree on diet and nutrition 211 (070) 077 201 (061) 082 070

Con2 .weusually agree on meals and food choices 220 (062) 081 211(057) 075 070

s of confirmatory factor
Ma; 3).

M, mean; SD, standard deviation; ror, corrected item-total correlations; g, oblique rotation of factor loadings of exploratory factor analysis; acea, factor loa
is. “One outlier was excluded from Sample 1. Val, Vals

ication; Coh, Cohesi

Full range of Liker -oring for each item was used (Mis
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FHC-NU (Sg)
Label Item Description (In our family...)  Mean SD Factor 1 (Val) Factor 2 (Com) Factor 3 (Coh) Factor 4 (Con)

Factor 1 = Val (Value)

Vall . healthy dietis important to us (e, typeand 229 0.66 - 2 2 2
amount of food, meal timings)

Val2 .we pay attention to eating healthily 220 065 - 2 2 2

Val3 e eat healthily on a regular basis 208 068 - 2 2 2

Val4 ...itis normal for us to choose healthy foods 211 067 = 1 2 2

Factor 2 = Com (Communication)

Coml ...we are interested in articles (print or online) on 179 080 1 - 2 2
healthy nutrition

Com2 ..we remind each other to pay attention to a 217 068 1 - 2 2
healthy diet

Com3 we talk about which foods are healthy 210 073 2 - 2 2

Comd we encourage and support each other to refrain 217 070 1 - 2 2
from eating/drinking unhealthy things

Coms we talk about how to eat healthily 212 069 2 - 2 2

Factor 3 = Coh (Cohesion)

Cohl .we value spending time together during meals 234 0.69 2 2 - 2

Coh2 .everybody enjoys having meals together 235 067 2 2 - 2

Coh3 .cating together isa part of our daily familylife 224 0.74 2 2 - 2

Cohd .we enjoy meals most when we sit at the same 231 on 2 2 - 2
table

Cohs e try to eat together as often as possible 234 067 2 2 - 2

Factor 4 = Con (Consensus)

Conl .we agree on diet and nutrition. 206 066 2 2 2 -

Con2 we usually agree on meals and food choices. 215 061 2 2 2 -

Cutoff point for significance is 2 standard errors (1 SE = 0.05, 2 SE = 0.1). Levels of scaling success: 2: Item-factor correlation is significantly higher for hypothesized scale than for
competing scale. 1 Item-factor correlation is higher for hypothesized scale than competing scale, but not significantly. —1: Item-factor correlation is lower for hypothesized scale than

. but not significantl Ttem-factor correlation is significantly lower for hypothesize

competing

le than for competing scal
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FHC-NU (Sg) Item-total correlations

Label Item description (In our family...) Factor 1 (Val) Factor 2 (Com) Factor 3 (Coh) Factor 4 (Con)

Factor 1 = Value (Val)

Vall . healthy diet is important to us (e.g, type and amount of 077¢ 063 038 049
food, meal timings)

Val2 e pay attention to eating healthily 0385° 070 037 052

Val3 we eat healthily on a regular basis 0:0° 066 035 052

Vald .itis normal for us to choose healthy foods 081 073 038 051

Factor 2 = Communication (Com)

Coml .we are interested in articles (print or online) on healthy 052 057 032 0.42
nutrition

Com2 we remind each other to pay attention to a healthy diet 067 075 040 0.46

Com3 .we talk about which foods are healthy 065 082 036 046

Comd .we encourage and support each other to refrain from 065 07 040 047

eating/drinking unhealthy things

Coms ave talk about how to eat healthily 070 081° 042 050
Factor 3 = Cohesion (Coh)

Cohl .we value spending time together during meals 035 039 081° 050
Coh2 ‘verybody enjoys having meals together 041 0.42 086 054
Coh3 .eating together is a part of our daily family life 033 038 084" 047
Cohd e enjoy meals most when we sit at the same table 034 039 086 047
Cohs e try to eat together as often as possible 043 043 076 0.46

Factor 4 = Consensus (Con)
Conl ..we agree on diet and nutrition 059 056 049 071*

Con2 ~.we usually agree on meals and food choices 046 0.6 053 071

“Highest correlation among the factors. Item-total correlations have been corrected for over
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competing scale. 1: Item-factor correlation i higher for hypoth

competing scale, but not si

Item Description (In our family...)

we make it a point of being physically active
during our daily lfe (e.g, taking walks, exercising,
playing sports)

itis normal to be physically active on a regular

basis
itis normal for us that we exercise on a regular

basis.

is normal to be physically active in our free
time

.we agree that physical activities are part of our
daily life

....we encourage and support each other to be

physically active

we like spending time together doing physical
activities

..we enjoy exercising together

we have fun doing physical activities together
e find it very pleasant to be together doing
physical activities

.we like spending time together in sports (e.g.,
cycling, ball games, canocing)

.we usually agree on physical activities to do

together

.we watch videos (e.g, on YouTube, Netflix, or
TV) on fitness, physical activities, or exercise
.we actively look for the latest information on
physical activity and exercise to stay up to date

...we collect information (e.

download/bookmark online information, cut out
print articles) on fitness, physical activity, and
exercise

..we read articles (printed or online) on fitness,

physical activity, and exercise
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