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Abstract
Background. Family functioning is associated with obesity-related chronic illnesses and impedes effective treatment of weight-related conditions such as non-alcoholic fatty liver disease (NAFLD). Objectives. Evaluate the utility of a brief screening measure of family functioning among youth ages 8 to 18 being treated in a specialty care clinic for NAFLD. Methods. Thirty-nine youths and their caregivers participated. Relations between family functioning and anthropometric and biochemical variables assessed 3 to 6 months later, were evaluated using regression analyses, controlling for child age, gender, and ethnicity. Results. Family functioning was related to significantly higher body mass index and levels of cholesterol, HbA1c, and glucose, but not serum alanine aminotransferase (ALT)—a marker of NAFLD—controlling for baseline levels. The magnitudes of effects were medium for models of body mass index (Cohen’s f2=.29), cholesterol (.32), and blood glucose (.30) and small to medium for HbA1c (.23) and ALT (.10). Conclusions. This is the first study to examine the role of family functioning in youth with NALFD. Treatment programs might consider screening for family functioning to identify families that could benefit from a family-centered behavioral intervention.
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is the most common cause of chronic pediatric and adult liver disease in industrialized countries. NAFLD describes a spectrum of pathologies from simple, uncomplicated hepatic steatosis to non-alcoholic steatohepatitis and ultimately fibrosis, cirrhosis, and hepatocellular carcinoma. Although NAFLD is largely attributed to the obesity epidemic, its etiology involves complex interactions between multiple influences, including excess weight (e.g., body mass index [BMI] above the 85th percentile); abnormal serum alanine aminotransferase—a liver enzyme that is a highly sensitive marker of hepatic injury1; radiologic evidence; histological evidence; and genetic hereditabily.2 NAFLD prevalence rates in the general pediatric population are between 5.5% and 10.3%, which increase to 27.8% to 41.2% in samples from clinics treating youth with obesity, and rates are higher for males.3 Youth who develop NAFLD are expected to have a shorter life expectancy due to associated comorbidities; one of which, non-alcoholic steatohepatitis, is projected to be the leading indication for pediatric liver transplant by 20254. 
Elevated BMI, diabetes, and the other features of metabolic syndrome largely dictate the progression of NAFLD. Epidemiological studies consistently show associations between NAFLD and excess body weight, unhealthy diet, and sedentary behaviors.5 Weight being the most modifiable predictor of mortality, the mainstay of NAFLD prevention and treatment is lifestyle behavior modifications (i.e., changes in diet and physical activity) aimed at weight loss.
 ADDIN EN.CITE 
6,7
 Even small changes in weight can yield significant impact on multiple cardiometabolic indices.8 
Research indicates that family functioning adversely affects children’s general physical health, weight status, and metabolic consequences.
 ADDIN EN.CITE 
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 Family-centered behavior interventions are typically superior to programs working solely with the child.
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 Family functioning inhibits the effects of weight management interventions by reducing adherence to lifestyle change recommendations14 and by contributing to lower program participation.15 Conversely, better family functioning in childhood buffers against negative obesity-related health outcomes in adulthood.16 Screening for family functioning could be helpful in identifying families in need of interventions to address functioning in conjunction with lifestyle change.15
In this study we examined the utility of a brief screener of family functioning in the context of an intensive lifestyle intervention for youth with markers of NAFLD. To our knowledge, correlates of family functioning have not been evaluated among youth with NAFLD. Given that NALFD is an advanced chronic health condition, the effect of family functioning in this population might differ from that found in less severe conditions, such as obesity without metabolic comorbidity.
 ADDIN EN.CITE 
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 We examined relations between family functioning and anthropometric and biochemical measures in a sample of youth in treatment for elevated ALT levels—a marker of NAFLD. We hypothesized that greater family functioning at baseline would be associated with higher anthropometric and biochemical indicators assessed 3 to 6 months later, controlling for baseline levels. These data have the potential to inform patient care pathways for lifestyle behavior interventions.
Methods

Participants

All enrolled families were newly referred to the clinic due to elevated liver enzyme (ALT) levels. In accordance with expert consensus,7 ultrasound was then used to confirm a diagnosis of NAFLD by identifying steatosis, and blood tests were used to exclude the presence of other diseases prior to treatment in the clinic. Patients were excluded from the study if the child had other chronic liver diseases (e.g., Wilson’s disease, autoimmune hepatitis, A1 antitrypsin deficiency, chronic hepatitis B and C virus), the child was younger than 8 years, or the child could not assent to the research due to a significant developmental disability. Only 2 families did not meet inclusion criteria. Enrolled patients were mostly male (67%) and Latino/Hispanic (61.5%; Caucasian=20.5%; American Indian=7.7%; Multiethnic=7.7%; African American=2.6%). Age was between 8 and 18 years (M=13.3, SD=3.2). Of the 42 eligible families approached, 39 (93%) consented to participate. Six families (15%) provided only baseline data. Weight status categories, based on percentile by weight and age according to the Centers for Disease Control and Prevention growth reference for children and adolescents17 indicate that at baseline 21% of the sample was overweight (BMI 85th–94th percentile) while 79% was obese (BMI≥95th percentile). The mean was the 96.5th percentile (SD=3.94; Range= 90th–99th). Insulin resistance was present in 5% of patients and 62% were covered by Medicaid.

Procedure
A project coordinator explained the study to the patient and family during their first routine visit to a specialty outpatient clinic for NAFLD. Enrollment occurred from February to May 2014. Eligible families who agreed to participate signed consent, assent, and protected health information agreements. Paper forms of the family functioning screener were completed in an exam room. Questionnaires and study documentation (e.g., consent form) were available in Spanish. All patients received lifestyle modification counseling—the first-line approach in the clinic—by a board certified hepatologist and a clinical nutritionist. Frequency of visits to the clinic ranged from 1 to 3 month intervals based on indicated medical need. Anthropometric measurements were recorded at three time points: study entry (baseline), 3 months (window 11–13 weeks), and 6 months (22–26 weeks). Biochemical measures were recorded when labs were conducted as part of standard of care for NAFLD. Demographic data were drawn from the electronic health record. The Institutional Review Board of (withheld) Children’s Hospital approved the procedures. 
Measures

Family functioning. The 12-item General Functioning subscale of the Family Assessment Device (FAD-12)18 is completed by parents of children ages 8 to 18 years of age. The FAD-12 assesses the overall health of the family in the domains of emotional support, communication, cohesion, and involvement. This measure was selected because it is brief, commonly used, and considered “well-validated” for use with pediatric populations.
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 Parents rated their level of agreement with items that describe family functioning (e.g., “planning family activities is difficult because we misunderstand to each other”, “we don't get along well together”) using a four-point scale (Strongly Agree = 1, Agree = 2, Disagree = 3, Strongly Disagree = 4). Higher scores are indicative of greater overall family functioning. Previous studies have demonstrated reliability and validity of the FAD-12. In this study, maternal reports had good internal consistency (α = .78).
Anthropometric and biochemical measures. There were no laboratory, imaging, or biopsy procedures conducted solely for this study. All tests were clinically indicated by the standard of care (severity of NAFLD, significant increase or decrease in weight, at clinic entry unless labs had been completed in the previous month). Data from venous blood draws taken at regularly scheduled appointments were used to measure blood glucose, HbA1c, total cholesterol, serum alanine transaminase, and other biomarkers not included in our analyses (e.g., triglycerides, lipoproteins). Glucose and lipid levels were measured in the fasting state (12-hour overnight fast). All biochemical tests were performed using a conventional automated analyzer. At each appointment, nursing staff recorded weight in the electronic health record using a medical grade electronic scale and height (stadiometer). Children were clothed; shoes removed. 
Data Analysis

The mean score of mother’s reports
 on the FAD-12 were computed. Two approaches were used to maximize the use of available data and mitigate the potentially biasing effects of naturally missing data. First, we used either the 6-month data point or data from the 3-month assessment, when 6-month data were unavailable. This approach nearly doubled the valid N for the dependent measures (see Table 1) compared to using either the available 6- or 3-month data. Final analyses included 39 valid cases for BMI, 15 for cholesterol, 19 for fasting glucose, 12 for HbA1c, 21 for alanine aminotransferase. Second, we used maximum likelihood estimation with robust standard errors, which has been shown to provide more valid estimates of standard errors when data are missing completely at random and dependent variables are nonnormally distributed. Little’s MCAR test20 indicated that missing data did not introduce bias into the analyses, χ2(135) = 140.81, p = .349. Multiple regression was used to evaluate the relationship between family functioning and the outcome variables. Child age, gender, and race/ethnicity were controlled for in all analyses. Cohen’s f2 effect sizes (ES) were calculated. Concerning BMI, we calculated a relative (mean-adjusted) BMI score by subtracting the 50th percentile BMI for age and gender from the raw BMI.21 Binary regression analysis was used to evaluate the relation between family functioning, demographic variables, and relative BMI at baseline with attrition status (n=6; defined as baseline but no follow-up data) to evaluate this potential source of bias. 
Results
Table 1 contains the intercorrelations and descriptive statistics of the variables used in the analyses in this study. Scores on the FAD-12 indicated a moderate level of dysfunction with a mean score of 1.68 (SD=.43) and 24% of families exceeded the clinical cutoff score of 2.018. Results of the regression analyses are provided in Table 2. All models, except for the model involving alanine aminotransferase, indicated that higher scores on the FAD-12 were associated with significantly higher levels at follow-up, controlling for baseline (relative BMI: β=.165, B=.084, S.E.=.063, p=.008, ES=.29; cholesterol: β=.914, B=.151, S.E.=.418, p=.016, ES=.32; fasting blood glucose: β=.884, B=.300, S.E.=.445, p=.020, ES=.30; HbA1c: β=.016, B=.416, S.E.=.002, p=.013, ES=.23; alanine aminotransferase: β=.004, B=.623, S.E.=.004, p=.100, ES=.10). Although not statistically significant, the relation between FAD-12 scores and alanine aminotransferase is in the anticipated direction and indicates a trend. The model R-Square was significant (p≤.05) for all models tested. Concerning covariates, child gender and ethnicity were significant in the analysis of cholesterol only, such that Non-Hispanic White children had lower cholesterol levels, as did males. Covariates were non-significant in all other models. Attrition was not significantly associated with family functioning (β=-.106, B=-.461, S.E.=.339, p=.755, ES=-.12),  or any other demographic measures,
 but a trend was found with baseline relative BMI levels (β=.017, B=.535, S.E.=.009, p=.065, ES=.44), 
Discussion

This is the first study to test the associations between biomarkers and anthropometric measures of youth with NAFLD and family functioning assessed with the FAD-12, a commonly used and evidence-based measure in the context of chronic pediatric illness.
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 Additionally, we only identified a few studies that reported relationships between family functioning and biochemical indices. Those that we found reported a positive relation with metabolic control (HbA1c levels) in youth with type 1 diabetes.
 ADDIN EN.CITE 
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 In children with advanced weight-related chronic health conditions, such as NAFLD, insulin insensitivity, and metabolic syndromes, specific biochemical indicators beyond weight status typically cluster.24 It is critical for treatment planning to be aware of the relationship between familial dysfunction and these indicators in addition to child weight status, which could trigger referral for additional care even in the presence of decreasing weight. In this study, we included fasting glucose, cholesterol, HbA1c, and alanine aminotransferase, in addition to BMI. Family functioning accounted for roughly 25% of the variance in the models of BMI, cholesterol, and glucose, and the effect sizes approached what Cohen25 considered a “large” effect. The effect was medium to large for HbA1c and small to medium for alanine aminotransferase. Because ALT is among the most sensitive and specific indicators of hepatic injury,1 it is promising that our findings indicated a trend in the expected direction in this sample. However, previous studies suggest that a longer follow-up is likely needed to find a significant relationship. For example, a study of 8 to 17 year olds with NAFLD showed little effect on ALT levels over a 96-week period in the behavioral weight management arm of the trial.26
Family functioning scores in our sample (mean=1.63) were comparable to previous studies involving obese samples. For example, Herzer et al.9 reported a mean FAD-12 score of 1.68 with 29% above the clinical cutoff for 28 children (mean age=9.9 years) with obesity. Second, among 137 overweight and obese children (mean age=9.51 years), mean scores were 1.65 and 1.77 for treatment-seeking and non-treatment-seeking children, respectively.11 These comparisons suggest that the average magnitude family functioning is similar across a spectrum of children with weight-related medical conditions. Therefore, the clinical implications of our findings may apply to weight management more generally, as opposed to being specific to NAFLD. 
Clinical Implications

The findings of our study have a number of implications for the treatment of NAFLD, and children’s weight management in general. Although national guidelines for dietary intake and physical activity among youth are well defined, lifestyle behavior change for weight management is incredibly challenging and necessitates significant engagement from the whole family. Healthcare professionals charged with weight management report that low familial motivation to change, poor adherence with recommendations for lifestyle change, and limited time to address dietary and exercise habits, let alone family functioning, are among the most critical barriers27. This study supports the use of a brief screening measure to identify families in need of referral to a family-centered intervention, or, in the context of an integrated care model, signals to behavioral health providers the potential need to include intervention targets such as general family management skills, relationship quality, and family communication in the treatment plan in order to effectively alter children’s behavior28. Poor family functioning hinders parent’s and youth’s abilities to effectively implement healthy lifestyle recommendations14.​ Further, youth living in families characterized by dysfunction experience higher rates of chaos and disorganization, neglectful or harsh parenting, low family cohesion, and poor family communication, which may affect the youth’s dietary practices and opportunities for physical activity10. The FAD-12 is practical measure for use in healthcare settings because it is brief, easily scored and interpreted, and captures salient aspects of family functioning that affect children’s health. Addressing family functioning necessitates a family-centered intervention approach focused on teaching parents more effective parenting and family management skills in service of changing children’s healthy lifestyle behaviors in accord with healthcare professionals’ recommendations28,29. 
Recent meta-analyses of prevention and treatment for pediatric obesity identified programs involving parents or the whole family among the most efficacious12. Youth lifestyle behaviors are more likely to be improved when parents are provided training in lifestyle modification13 and when these strategies are combined with those that improve parenting skills and reduce family functioning10. Further, children with obesity often reside in homes with other individuals that are obese. A family-centered intervention could potentially benefit the health of all family members. The FAD-12 is likely to be most relevant as a screening instrument with specific intervention targets identified through a more comprehensive assessment of parenting skills and family dynamics. An adaptive approach to family-centered intervention for childhood obesity has also been suggested28 where families who screen positive on the FAD-12, and then fail to respond to treatment as usual, are offered a family support intervention to address familial barriers to change. This approach is consistent with a stepped-care or tiered approach, which will increase with the rise of integrated care because they allow for efficient and effective care for vertically integrated methods around a single presenting issue, such as weight management30.
Strengths and Limitations 


This study has a number of strengths, including an ethnically diverse and understudied sample of youth with NAFLD, use of a validated measure of family functioning, and inclusion of biochemical and anthropometric indices. Because ethnic and racial minorities have higher rates of obesity and associated chronic health conditions than their non-Latino White counterparts, the screening measure needs to be evaluated with an ethnically diverse population31 as was done in this study. The primary limitation of this study is the sample size. Thirty-nine participants may not atypical in studies of children with specific health conditions.32 NAFLD is fairly common, and studies with larger samples that replicate our results are needed. A number of steps were taken to ensure that we used all available data in our analyses and the magnitude of the effects increases our confidence that the results are meaningful. 
Conclusions


Further evaluation of the FAD-12 as a screener for family functioning among children in treatment for NAFLD is warranted. Valid and efficient screening tools are needed to identify families with poor functioning that might benefit from family-centered behavioral intervention that combines general parenting practices and lifestyle behavior change for weight reduction. Family-centered behavioral interventions are increasingly garnering favor for prevention and treatment of weight-related conditions, and a number of programs are being developed and tested.
 ADDIN EN.CITE 
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 With recent changes to healthcare delivery brought on by the Patient Protection and Affordable Care Act, there will be increasing opportunity for the integration of behavioral health services into children’s healthcare. 
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	Table 1. Intercorrelations Between Study Variables

	Variable
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	1.  FAD–12 mean score
	—
	–.27
	.11
	.10
	–.32
	–.22
	–.13
	–.08
	.37
	–.17
	–.51
	.23
	.47
	.44

	2.  Child age
	 
	—
	–.02
	–.02
	–.17
	.42
	.22
	.43
	–.23
	–.08
	.27
	.04
	–.34
	–.39

	3.  Child Gender
	 
	 
	—
	–.42*
	–.09
	–.11
	.21
	.19
	.39*
	–.30
	–.15
	.12
	.40
	.08

	4.  Child Race/Ethnicity
	 
	 
	 
	—
	.03
	.01
	–.26
	–.28
	.06
	.08
	–.27
	–.27
	.12
	.22

	5.  Relative BMI (baseline)
	 
	 
	 
	 
	—
	–.15
	.05
	.34
	02
	.57**
	–.26
	.17
	.46
	–.06

	6.  Cholesterol (baseline)
	 
	 
	 
	 
	 
	—
	–.62*
	–.05
	–.07
	–.16
	.94**
	–.30
	–.25
	–.06

	7.  Glucose (baseline)
	 
	 
	 
	 
	 
	 
	—
	.47
	–.04
	.01
	–.56
	.75**
	.42
	–.07

	8.  HbA1c (baseline)
	 
	 
	 
	 
	 
	 
	 
	—
	–.07
	.–10
	–.26
	.63
	.58
	–.46

	9.  ALT (baseline)
	
	
	
	
	
	
	
	
	—
	–.12
	–.12
	​.15
	.29
	.53*

	10.  Relative BMI (follow up)
	 
	 
	 
	 
	 
	 
	 
	 
	
	—
	​–.29
	.17
	.52
	.02

	11.  Cholesterol (follow up)
	
	
	
	
	
	
	
	
	
	
	—
	–.16
	–.31
	–.21

	12.  Glucose (follow up)
	
	
	
	
	
	
	
	
	
	
	
	—
	.51
	–.17

	13.  HbA1c (follow up)
	
	
	
	
	
	
	
	
	
	
	
	
	—
	.44

	14.  ALT (follow up)
	
	
	
	
	
	
	
	
	
	
	
	
	
	—

	Descriptive Statistics

	Mean
	1.68
	
	
	
	13.36
	171.68
	93.65
	5.51
	81.11
	12.92
	173.40
	92.32
	5.53
	93.57

	Standard Deviation
	.43
	
	
	
	10.09
	30.80
	10.66
	.25
	53.92
	9.36
	32.29
	12.22
	.21
	90.10

	N
	34
	39
	39
	39
	39
	19
	23
	17
	27
	33
	15
	19
	12
	21


Note. *p < .05. **p < .01. FAD-12 = General Functioning subscale of the Family Assessment Device. BMI = body mass index. ALT = alanine transaminase.

Table 2. Results of Multiple Regression Analyses of Family Functioning at Baseline Predicting Change in Anthropometric and Biochemical Variables Measured at 3 or 6 Months
	
	β
	B
	S.E.
	p
	95% CI for β
	ES
	Model R2

	Relative BMI
	.165
	.084
	.063
	.008
	 .004 | .268
	.29
	.97

	Cholesterol
	.914
	.151
	.418
	.016
	   .064 | 1.764
	.32
	.96

	Glucose
	.884
	.300
	.445
	.020
	   .019 | 1.787
	.30
	.77

	HbA1c
	.016
	.416
	.007
	.010
	  .002 | .030
	.23
	.78

	ALT
	.004
	.623
	.004
	.100
	–.004 | .012
	.10
	.69


Note. Beta coefficient is considered significant if the 95% confidence interval (CI) does not contain zero. BMI = body mass index. ALT = alanine transaminase. ES = effect size in Cohen’s f2 for FAD-12. Cohen’s f2 ES magnitude rules of thumb: Small = .14, Medium = .39, Large = .59.
� Although father’s reports were collected, the low rate of return (N = 8) did not allow us to include these data in the analyses.


� Complete results are available from the authors by request.





