Appendix 4. Evidence table for protein intake and outcome bone health (1 clinical trial, 2 cohort, 4 cross-sectional studies)
	Author
(alphabetical order), year (ref.nr)
Country
Study design 
(RCT, CT, cohort, case control etc.)
	Population, 
subject characteristics, Inclusion/exclusion criteria 
Setting, 
No at baseline, Male/Female, Age, Ethnicity of the subjects, Anthropometry, Location
	Outcome measures

Disease, biological measures

	Intervention/exposure
	Time between baseline exposure and outcome assessment
	Dietary assessment method

FFQ, food record

Internal validation y/n

see separate table below for more details
	No of subjects analysed
	Intervention
Intervention (I)
(dose interval, duration)
Control (C) (active, placebo, usual care etc), compliance, achieved dietary change, adherence to dietary targets, actual dietary change
	Follow- up period, drop-out rate
(from baseline to follow-up, or from end of intervention to follow-up)
Drop out (%)
	Results
Results (I, C)
(Absolute difference, RR, OR, p-value, confidence interval, sensitivity, specificity, observer reliability?, etc)
	Confounders adjusted for
	Study quality and relevance, Comments
A-C

	Alexy, 2005, 
(47)
Germany
Cohort (open)
DONALD
	Sub-group from DONALD-study,
Inclusion: white, healthy + ≥4 of possible 5 valid 3-d food records from the 4-y prior to bone analysis.
Inclusion criteria DONALD-study not mentioned in the paper  
Gestational age 37-42 w, singleton, birth weight ≥2500g
Setting:Dortmund, Germany.
N=229 (115 M, 114 F)
6-18 y.
White Germans.
Weight, height,BMI,  iso-BMI, growth velocity, Tanner stage
	Proximal forearm bone variables (cross-sectional data 1 measurement)

	Potential renal acid load (PRAL) calculated from dietary protein, P, Mg, K.

Exposure to protein, PRAL and Ca = input
	Dietary intake measured 5 times starting 4 years before bone measurement
	3-d weighed records once/year for four years.
Mean of 4-5 records was calculated to reflect long term dietary intake
Semiquantitative recording allowed if weighing not possible.
Goldberg cut-off, BMR calculated  Shofield equation (light PAL used as standard)
38% had non-valid records (Goldberg and Schofield) and were excluded. No details given as to level of underreporting among those remaining in study
	229 (115 M, 114 F)
	NA
	0% drop-out
(371 did bone analysis, but only 229 (62%) with valid dietary data was selected for the study.)
	Protein intake (g/d) was positively associated with all bone variables (explained 3-6% of variation in bone indexes). (p=<0.0001 – 0-0014)
PRAL was negatively associated with cortical area (p=0.0075) and bone mineral content (0.0055). Explained 2% of variation for both. 
(Muscle area accounted for 24-36%, p<0.001)
Ca intake non sign for all bone variables
	Age, sex, total energy (residual method),  growth velocity (GV), muscle area, BMI, menarche/voice break, Tanner stage
	B
By chance findings not considered
38% had non-valid records (Goldberg and Schofield) and were excluded. No details given as to level of underreporting among those remaining in study. 
Mean energy intake ca 74 (prepubescent girls) -84% (prepubescent boys) of recommendation for age.

	Bounds 2005
(48)
Prospective cohort
USA
	The children who participated in this study were all white and were healthy at birth. A single racial group was included to control for differences in children’s growth and body composition attributable to race. Most of the families were of middle to upper socioeconomic status, which helped to ensure access to adequate food and health care needed for children’s normal growth and development
	Total BMC (bone mineral content, g) and BMD (bone mineral density, g/cm2) at age 8 years.
	Children’s dietary intake, height, weight, and level of sedentary activity were assessed as part of a longitudinal study from ages 2 months to 8 years
	Nine in-home interviews when children were 2.3, 2.8, 3.5, 4, 4.5, 5, 6, 7, and 8 years of age.
DEXA at 6 y and 8 y
	Mothers reported 3 days of dietary information for their children at each of these interviews. Children’s dietary data consisted of two food records and one 24-hour recall at each of the nine data collection points (including 2 weekdays and 1 weekend day) resulting in a total of 27 days of dietary data per child. 
For each food or beverage listed on the food record, mothers provided descriptions and/or brand names, methods of preparation, and amounts consumed.
The 3 days of dietary data at each of the nine interviews were averaged for each child to create a representative daily intake of each nutrient at each interview. The nine representative daily intakes, consisting of data from interviews occurring when children were 2 to 8 years of age, were then summed and averaged to provide a longitudinal daily intake of each nutrient for each child that was based on 27 days of dietary data.
	52 (25 M, 27 F)
	NA
	52/70 = 74% participated in DEXA
	Factors positively related to children’s BMC at age 8 years included longitudinal intakes (ages 2 to 8 years) of protein, phosphorus, vitamin K, magnesium, zinc, energy, and iron; height; weight; and age (P≤.05). Factors positively related to children’s BMD at age 8 years included longitudinal intakes of protein and magnesium (P≤.05). Female sex was negatively associated with BMC and BMD at age 8 years (P≤.05). Children’s bone mineral indexes at ages 6 and 8 years were strongly correlated (r=0.86, P<.0001 for BMC; r=0.92, P<.0001 for BMD
	Potential independent variables for the models included children’s longitudinal dietary intakes of energy, calcium, vitamin D, phosphorus, protein, magnesium, vitamin C, vitamin K, zinc, iron, and caffeine; children’s level of sedentary activity; children’s sex, height, weight, BMI, and age; and mothers’ total BMC or BMD (for each corresponding model). This pool of potential predictors was entered into a regression procedure with a stepwise selection method, and only variables that were significant at the level of P<.05 were retained in the final models predicting 
children’s BMC and BMD at age 8 years
	B
Measurement errors not considered  (but it is stated that throughout this longitudinal study, mothers received training from RDs on estimating portion sizes and keeping precise food records.and the RDs reviewed food records for completeness and accuracy at each interview), no power calculation

	Budek, 2007,
(49) Denmark Cross-sectional
	The Copenhagen Cohort Study followed infants from birth to 12 months of age, with subsequent follow-up at 10 years and at 17 years of age. Briefly, of 560 infants born between 1987 and 1988 at Hvidovre Hospital, 251 fulfilled inclusion criteria (healthy, Caucasian, singleton birth) and were admitted to the study. Full data were collected from 143 infants. After 17 years, the second follow-up study took place, between November 2004 and August 2005. 
	bone mineral content (BMC) at 17 y
	Milk and meat protein intake at 17 y.
The aim was to test the hypotheses that total protein intake is positively associated with bone mass, and that milk and meat protein intake is differently associated with bone mass in adolescents
	Cross-sect at 17 y
	7-day food record with pre-coded response categories, supplemented with open-ended alternatives, household measurements and a series of 12 photographs for portion sizes.
	From the original population, 140 adolescents were invited; 109 agreed to participate and 109 completed the measurements. (46 M, 63 F)
	None
	Cross-sectional – no drop-outs
	The mean total protein intake (∼1.2 g/kg) was modestly higher than that recommended. Total and milk (∼0.3 g/kg) protein intake, but not meat protein intake (∼0.4 g/kg), was positively associated with size-adjusted BMC (P≤0.05). The positive association between milk protein intake and size-adjusted BMC remained significant after correction for energy, calcium, and physical activity (P≤0.01) and did not seem to be mediated via current serum IGF-I. None of the analyzed protein sources was significantly associated with size-adjusted BA. Conclusions: Our results suggest that some components of milk protein may promote bone mineralization. 
	Bone area, weight, height and sex (model 1), and additional adjustment for calcium and energy intake, and physical activity (model 2)
	B
No power calculation, no adjustment for mis/underreporting, girls reported energy intake in lower range but OK

	Budek, 2007
(14)
Denmark,
Cross-sectional
	Pre-pubertal boys (8-y) (Tanner stage 1) born 1992 (n 28) and 1996 (n 68)
In brief, 313 boys, born 1992, were randomly recruited through the Central Personal Register in 2000. Thirty boys agreed to participate in the study, 28 were eligible, and 24 completed the trail. The participants included in the study conducted in 2004–2005 were recruited through the Central Personal Register in 2004. From 831 boys born 1996, 89 agreed to participate, 68 were eligible, and 57 completed the trial. All participants were healthy, had normal growth, and did not take any medications known to affect bone metabolism and growth.
	Concentrations of sIGF-I and markers for bone-turnover (serum osteocalcin (s-OC), bone-specific alkaline phosphatase (s-BAP) and C-terminal telopeptides of type l collagen (s-CTX) measured by immunoassay) 
	Intake of total, dairy and meat protein
	Cross-sectional
	3-d weighed food record (2 weekdays and 1 weekend day)
	In total, 96 boys were eligible and final baseline biochemical, dietary, and anthropometric data were obtained from 81 individuals. (84%)
	None
	NA
	Dairy protein was negatively associated with sOC (P=0.05) but not significantly associated with sBAP and sCTX. Further analyses showed that dairy protein decreased (P=0.05) sOC at a high meat protein intake (>0.8 g/kg), whereas meat protein increased (P=0.03) sOC at a low dairy protein intake (<0.4 g/kg). Total and meat protein intake was positively associated with sBAP (P≤0.04) but not significantly associated with sOC and sCTX. Free sIGF-I was positively associated with total (P<0.01) and dairy (P=0.06) protein but not with meat protein. Our results indicate that dairy and meat protein may exhibit a distinct regulatory effect on different markers for bone turnover. 
	Age, BMI, and energy intake
	B
Results not adjusted for mis/underreporting, no power calculation.
In discussion: "Meat protein intake was estimated from the intake of red meat, poultry and fish." Why is fish included? What about pork? Egg? "Plant protein intake was estimated from the difference between total protein intake and dairy, meat and egg protein intake."

	Budek, 2007, 
(46)
Denmark
Short-term intervention study (7-days)
	Pre-pubertal 8 y-old boys ) (Tanner stage 1) randomly recruited through the Central Personal Register from Copenhagen and Fredriksberg area between September and October 2000.

313 invited subjects, 30 agreed to participate and 28 were eligible.

Inclusion: healthy, normal growth, habitual daily milk intake > 500 ml, did not take any medications known to affect growth and bone metabolism.

Height and weight (light clothing) measured (at baseline and after 7 d? – refer to baseline values and weight data at 7 d)
	Markers for bone-turnover:
[bookmark: _GoBack]Serum osteocalcin (sOC), bone-specific alkaline phosphatase (sBAP) and Cterminal telopeptides of type l collagen (sCTX) measured by immunoassay
	Protein intake

One group: Milk (1.5 l/day) and the other group:
meat (250 g/d) 

Otherwise, habitual diet.

Milk intervention: November 2000

Meat intervention: March 2001
	7 days (short-term)
	3-day weighed food record

N
(Logarithmic transformation when assumptions for normality did not hold 
	24 boys
	I:  The first 14 were assigned to the milk group: asked to consume 1.5 l skimmed milk per day, the next 14 to the meat group: asked to consume 250 low-fat meat per day. 

Both milk and meat supplements contained 53 g protein.

After the intervention, daily protein intake increased by 53 g in the milk group and by 42 g in the meat group. 


	Measurement after 7 days
313 invited, 30 agreed to take part, 28 eligible (14 in each group, 12 in each group completed study)
	Baseline sOC, sBAP and sCTX were not sign different between the groups. After 7 days, the average protein intake increased in both groups by 47.5 g; the milk group had higher (P<0.0001) calcium intake; sOC and sCTX decreased (P<0.04) in the milk group (-30.9%; -18.7 %, respectively)  compared with the meat group (+6.4%;-1.0%, respectively) and s-BAP decreased (P=0.06) both in the milk (-3.9%) and the meat group (-7.5%).

The boys in the milk group had significantly higher calcium intake compared with the meat group and this could also affect the decline observed in bone turnover in the milk group.
Whether this decline promotes higher bone mineral accretion during growth needs to be further studied according to the authors.
	Multiple linear regression models, adjusted for base line value of each of the variable and baseline carbohydrate and fat intake (expressed as E%) and baseline insulin-like growth factor binding protein-3 (IGFBP-3) that were significantly different between groups.

	B
No randomisation made (although states randomly recruited). No power calculation
Compliance is not reported. It is stated that protein intake is increased but nothing about how much of the additional 15 dl of milk/250 g of meat was actually taken, and very little about if and how their habitual diet changed. (1.5 l skim milk = 2.3 MJ and +23% of mean energy intake, 250 g meat = ca 1.6 MJ and +16% of mean energy intake. The average increase was total + 13% in the milk group and +3% in the meat group). 

	Chevalley (2008), 
(excluded)
Cross-sectional
Switzerland
	Healthy prepubertal white boys with a mean age of 7.44 ± 0.39 (SD) yr (range: 6.5–8.5 yr) were recruited through the Public Health Youth Service of the Geneva region from September 1999 to September 2000. 
Exclusion criteria: ratio weight/height <3rd or >97th percentile according to Geneva reference values; presence of physical signs of puberty; chronic disease, gastrointestinal disease with malabsorption, congenital 
or acquired bone disease; and regular use of medication
	Bone mineral content (BMC) in prepuberty (age 7.4 ± 0.4 y)
	Protein and calcium intakes, and physical activity
Total animal protein intake (g/d or g/kg/d). It included dairy, meat, fish, and egg proteins.
The calcium intake was essentially assessed from dairy sources.
Physical activity was assessed by questionnaire based on self-reported time spent on physical education classes, organized sports, recreational activity, and usual walking and cycling. Subsequently, the collected data were converted and expressed as physical activity energy expenditure (PAEE kcal/d) using established conversion equations
	NA (Cross-sectional)
	Fequency questionnaire.
(No details given except a reference to Morin et al 2005 which validated a simple, rapid, self-administered FFQ comprising 20 items for the estimation of dietary protein intake.
FFQ validated by comparing it to the results of a diary performed over a 4-day-period in 29 normal healthy subjects (mean age±SD, 40.1±12.3), and to the mean of three last 24-h recalls, administered at 6-week intervals in 43 healthy men (mean age±SD, 51.2±5.1).
Bland and Altman graphs as well as the Pitman’s test did not show any difference in variability between the reference methods and the new FFQ. This indicates a reliable estimate of group average dietary protein intakes.)
	232 boys
	NA
	Cross-sectional
	Results: In univariate analysis, the correlation coefficients r with BMC of the various skeletal sites were as follows: physical activity, from 0.26 (p=0.0001) to 0.40 (p=0.0001); protein intake, from 0.18 (p=0.005) to 0.27 (p=0.0001); calcium intake, from 0.09 (p=0.181) to 0.17 (p=0.007). By multiple regression analysis, the B-adjusted values remained correlated with BMC, ranging as follows: physical activity, from 0.219 (p=0.0007) to 0.340 (p < 0.0001); protein intake, from 0.120 (p=0.146) to 0.217 (p=0.009). In contrast, it was not correlated for calcium intake: from −0.069 (p=0.410) to 0.001 (p=0.986). With protein intake (mean 2.0 g/kg body weight/d) above the median, increased physical activity from 168 to 321 kcal/d was associated with greater mean BMC Z-score (+0.6, p=0.0005). In contrast with protein intake (mean 1.5 g/kg body weight/d) below the median, increased physical activity from 167 to 312 kcal/d was not associated with a significantly greater mean BMC Z-score (+0.2, p=0.371). The interaction between physical activity and protein intake was close to statistical significance for mean BMC Z-score (p=0.055) and significant for femoral neck BMC (p=0.012). In keeping with the results derived from multiple regression analysis, the increased physical activity on mean BMC Z-score was not influenced by difference in calcium intake above (mean 945 mg/d) and below (mean 555 mg/d) the median.
Conclusion: In healthy prepubertal boys, the impact in increased physical activity on BMC seems to be enhanced by protein intake within limits above the usual recommended allowance.
	Adjusted for each respective contribution of the three independent variables: physical activity and protein and calcium intakes
	C
No power calculation, no details at all are given for the FFQ (The authors note that the FFQ was validated against two reference methods, Furthermore, the questionnaires were filled under the direct supervision of the same certified dietitian for all boys of the investigated cohort. NOTE – validation made in adults – problematic?),
no details on energy intake given, probably no energy adjustment done, definitely nothing in writing,
no confounders included except physical activity and protein and calcium intakes 

	Hoppe, 2000,
(50)
Denmark 
Cross sectional
	Copenhagen Cohort Study on Infant Nutrition and Growth.  Present study  cross-sectional at 10 y: Random sample followed from birth to 12 mo. 
251 infants born at Hvidovre Hospital during 109 predetermined 24 h periods from Oct 1987 to Feb 1988 fulfilled inclusion criteria:
Parents of Danish origin, singleton births, gestational age 37-42 wk, birth weight for gestational age between 10-90 percentile, no neonatal disease.
Present study  cross-sectional: All 142 (63 boys) from the original study, aged 10 y invited (Oct 1997-Feb 1998). 105 (51 boys) agreed to participate (74%). 
	Whole body bone  mineral content (BMC, g) and bone size expressed as anterior-posterior projected bone area (BA, cm2)
Determined by dual-energy X-ray absorptiometry Height and weight measured.
	Usual dietary intake at 10 y

Energy, protein and other  nutrients

RQ: to study the influence of dietary factors on size-adjusted
whole body BA and BMC  in 10-y-olds
	Exposure and outcome at 10 y
	7 day food record at 10 y
	105 
(51 boys, 54 girls)
	NA
	NA

	In bivariate analyses, BMC and BA were positively correlated with height (p<0.001) and weight (p<0.001) and with intakes of energy (p<0.005) and several nutrients. 

In multivariate analyses, size-adjusted BMC was positively associated with calcium intake (p=0.02), and size-adjusted BA was positively associated with dietary protein (p=0.003), and negatively associated with intakes of sodium (p=0.048) and phosphorus (p=0.01) 
	BMC adjusted for size by including BA, height and weight in multiple linear regression analyses.  

BA was adjusted for size by including height and weight in the multiple linear regression.
Multivariat analyses of associations between dietary factors and BA and BMC. For analysis of association between protein and BA, adjustment for height, weight and sex. 
	B
Energy adjustment not done (fat, protein and carbs are reported as g/day)
No power calculation






Evidence table: Dietary information/Background diet*  

	Author 
Year 
(ref nr)
	Expo-sure 
	Dietary Assessment Method** 
	Food Composition Database*** 

Definition of relevant nutrient ****
	Internal Calibration (or Validity) of Dietary Assessment? (y/n). If Yes, Provide Data 
	Biomarker Assay***** 
	Analytical Validity of Biomarker Data Reported? (y/n).  
If Yes, Provide Data 
	Time between Biomarker Sampling and Analysis 
	Season/Date when biomarker samples were drawn 
	Background exposure data 

	Alexy, 2005
(47)
	Potential renal acid load (PRAL) calculated from dietary protein, P, Mg, K.
Exposure to protein, PRAL and Ca = input
	3-d weighed records
Semiquantitative recording allowed if weighing not possible (In 75% of completed records >90% of food items weighed
	LEBTAB
Protein (g/d, g/MJ, g/kg)
PRAL (mEq/d, mEq/MJ)
Ca (mg/d, mg/MJ)
Ca:protein (mg/g)
Mg, P, K
	Reported energy validated by Goldberg cutoff with BMR calculated w Shofield equation and PAL=light activity. Implausible records excluded but cut offs and number non-valid not given
	nd
	nd
	nd
	nd
	nd

	Bounds 2005, (48)
	Children’s dietary intake, height, weight, and level of sedentary activity were assessed as part of a longitudinal study from ages 2 months to 8 years
	Total BMC (bone mineral content, g) and BMD (bone mineral density, g/cm2) at age 8 years.
	Nutritionist IV software (First Data Bank, San Bruno, CA). Nutritionist IV version 3.5 was used for the dietary data obtained at interviews at ages 2.3 and 2.8 years, and version 4.1 was used for data from all remaining interviews.
	None
(but it is stated that throughout this longitudinal study, mothers received training from RDs on estimating portion sizes and keeping precise food records.and the RDs reviewed food records for completeness and accuracy at each interview)
	nd
	nd
	nd
	nd
	nd

	Budek, 2007, 
(49)
	Milk and meat protein intake at 17 y.
	7-day food record with pre-coded response categories, supplemented with open-ended alternatives, household measurements and a series of 12 photographs for portion sizes. 
	the national food database
	nd
	nd
	nd
	nd
	nd
	nd

	Budek, 2007)
(14)
	Intake of total, dairy and meat protein
	3-d weighed food record (2 weekdays and 1 weekend day)
Dairy protein intake (g/d) was estimated from the intake of dairy products (milk, yogurt, buttermilk, chocolate milk, cheese, cream, and ice cream). Meat protein intake (g/d) was estimated from the intake of red meat, poultry, and fish. In cases when dairy and/or meat proteins were part of a whole dish, the amount of respective protein was estimated based on the recipes. Plant protein intake was estimated from the difference between total protein intake and dairy, meat, and egg protein intake
	Danish food-composition database (DANKOST 2000 and 3000, Dansk Catering Center).
	Nothing done (but considered a little)
	nd
	nd
	nd
	nd
	nd

	Budek, 2007
(46)
	Protein intake (milk or meat)
	3-day weighed record (2 week days and 1 weekend day) before (days -3 to 0) and at the end of the study (days 5 to 7)
	DANKOST 2000, Dansk Catering Center, Herlev, Denmark
	nd
	nd
	nd
	nd
	nd
	nd

	Chevalley 2008, (excluded)
Cross-sectional
Switzerland
	Protein and calcium intakes, and physical activity

	Fequency questionnaire.
(No details given except a reference to Morin et al 2005 which validated a simple, rapid, self-administered FFQ comprising 20 items for the estimation of dietary protein intake.
NOTE – validation made in adults problematic?)
	nd
	nd
	nd
	nd
	nd
	nd
	nd

	Hoppe, 2000 
(50)
	Usual dietary intake at 10 y

Energy, protein, Ca, Na, P, other vitamins and minerals, fat and carbohydrate
	7 day food record with preprintet response categories supplemented with open-ended alternatives, and the quantity of foods estimated from household measures.

	National food database


	Y
In order to evaluate food records, PAL calculated as EI/BMR. No implausible low energy intakes (range 1.20-2.62 when compared with cutoff limits.
	nd
	nd
	nd
	nd
	nd





* Write “nd” if there was no data reported. Please do not leave blank 
**Please refer to brief name indicated in dietary assessment method table. If other method was used, please describe the detail.
*** Specify database used to calculate nutrient intakes. Other nutrient analysis, please specify.
****Eg. are carbohydrates expressed as available carbohydrates or carbohydrates by difference, is fibre included in the carbohydrates or not, retinol equivalent or retinol activity etc. Chemical form of the nutrient.
*****ONLY biomarker of interest for outcome
13

