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Abstract: Effective, evidence-based strategies to prevent and treat obesity are urgently required.
Dietitians have provided individualized weight management counselling for decades, yet evidence
of the effectiveness of this intervention has never been synthesized. The aim of this study was to
examine the effectiveness of individualized nutrition care for weight management provided by
dietitians to adults in comparison to minimal or no intervention. Databases (Cochrane, CINAHL
plus, MedLine ovid, ProQuest family health, PubMed, Scopus) were searched for terms analogous
with patient, dietetics and consultation with no date restrictions. The search yielded 5796 unique
articles, with 14 randomized controlled trials meeting inclusion criteria. The risk of bias for the
included studies ranged from unclear to high. Six studies found a significant intervention effect for
the dietitian consultation, and a further four found significant positive change for both the
intervention and control groups. Data were synthesized through random effects meta-analysis from
five studies (n = 1598) with weight loss as the outcome, and from four studies (n = 1224) with Body
Mass Index (BMI) decrease as the outcome. Groups receiving the dietitian intervention lost an
additional 1.03 kg (95% CI:~1.40; —0.66, p < 0.0001) of weight and 0.43 kg/m?(95% CI:-0.59, -0.26; p <
0.0001) of BMI than those receiving usual care. Heterogeneity was low for both weight loss and BMI,
with the pooled means varying from 1.26 to -0.93 kg and -0.4 kg/m? for weight and BM],
respectively, with the removal of single studies. This study is the first to synthesize evidence on the
effectiveness of individualized nutrition care delivered by a dietitian. Well-controlled studies that
include cost-effectiveness measures are needed to strengthen the evidence base.

Keywords: dietitian; workforce; dietetic consultation; nutrition care; nutritional management;
primary health care

1. Introduction

Obesity is acknowledged as a problem of pandemic proportion. The public health efforts of the
past three decades have not only failed to reverse population weight gain, but have not even
managed to slow the rate of increase [1]. In most Western countries, more than half of the adult
population has a Body Mass Index (BMI) above the healthy weight range, which places stress on
health care systems due to the concomitant increases in incidence of obesity-related conditions such
as Type 2 Diabetes Mellitus (T2DM) [2]. Given that the proportion of the adult population who could
benefit from prevention is now the minority, intervention efforts need to be aimed at the majority,
which, in western countries, is the treatment of those already overweight or obese.
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Clinical counselling focused on dietary change is one of the key strategies identified for the
treatment of adult obesity [3]. Dietitians are health professionals with specialized training in weight
management, and are recognized as the key professional group to provide this treatment [4].
Individualized dietetic care for weight management is largely provided in the outpatient or primary
health care setting since it typically occurs with the chronic diseases treated in this setting. Dietitians
take a standardized approach to treating individualized clients through the dietetic consultation,
which follows the structured Nutrition Care Process of nutrition assessment, nutrition diagnosis,
nutrition intervention and nutrition monitoring and evaluation [5].

Professional associations of dietitians, such as The Academy of Nutrition and Dietetics in the
USA, provide guidelines to members for the management of obesity in patients [6]. As the nutrition
experts of the healthcare workforce, dietitians have a particular responsibility for implementing these
guidelines. The position paper of the Academy on interventions for the treatment of overweight and
obesity in adults, updated in 2016 to reflect new evidence, recommends that dietitians ‘provide
expertise in the area of nutrition” in the management of these patients [6] (p142). The British Dietetic
Association (BDA) has recently released an updated report on the evidence and clinical application
for dietetic obesity interventions in adults [7]. The BDA’s work acknowledges and is based on
guidelines developed by other agencies [8,9] but is deliberately focused on the role of the dietitian in
providing an individual dietetic consultation ‘given this is the most common form of dietetic contact’
[7] (p4). Similarly, in 2013, the Dietitians Association of Australia (DAA) published a set of best-
practice guidelines for the treatment of overweight and obesity in adults [10]. These guidelines were
constructed from evidence provided by a series of systematic reviews of weight control interventions
and were designed to inform the practice of dietitians.

These, and other national and international authorities such as the World Health Organization
have reviewed the evidence on effective interventions for overweight and obesity for adults and set
desired intervention goals. Given the relative abundance of systematic reviews and evidence-based
guidelines on obesity management, including those published by dietetic associations, it is surprising
and somewhat concerning that the particular contribution made by dietitians to the management of
obesity remains unknown. While reviews have recently been published on dietitian effectiveness in
T2DM treatment and prevention [11,12], data on dietitian effectiveness in obesity management have
not previously been synthesized. Our recent systematic review collected and qualitatively
synthesized all the papers published on dietetic consultations for a variety of patient outcomes
including weight management [13]. The purpose of this current paper was to quantify the
effectiveness of dietitians providing individualized nutrition care to adults for weight control
through a meta-analysis of relevant studies.

2. Materials and Methods

2.1. Systematic Review

Detailed methods of the systematic review conducted to address the question of effectiveness of
the dietetic consultation for all types of patient outcomes in the primary health setting have been
published elsewhere [13] with relevant details summarized here. The review focused on studies with
a randomized controlled trial (RCT) design in order to synthesize the highest level of evidence. Of
the studies that met the eligibility criteria, only those directed at interventions for weight control
(weight loss or weight gain prevention) were included in the current review. The studies needed to
have included weight control as a stated study aim and/or specified it as a primary outcome measure
and/or specified weight loss or weight gain prevention information as part of the intervention advice.
Studies that collected anthropometric data but did not include a focus on weight control in the
nutrition care provided by dietitians were excluded. Meta-analysis was further restricted to those
studies that reported data in a form compatible with meta-analysis.

The inclusion criteria for the review are given in Table 1 [13]. Articles were excluded if they did
not report on the outcomes of the interventions delivered by the dietitians exclusively (for example
if delivered by a multi-disciplinary team), or if the interventions were conducted in a group format
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or in a hospital, rather than primary health care setting. If multiple active intervention arms were
included, only the dietetic consultation arm data were extracted.

Table 1. Study selection criteria for the systematic review of the effectiveness of dietitians in weight control.

Population: Adult patients who have received an individual dietetic consultation within a primary
health care setting

Intervention: Individualized nutrition care for weight management provided by a dietitian in
primary health care

Comparator: No intervention (including pre-intervention); usual care (where patients received
usual care from another health professional or health program); and minimal care (nutrition-
related print material, or a once-off general nutrition seminar)

Outcome: Change in any anthropometric measure: weight (including gestational weight gain),
Body Mass Index, skinfolds, waist circumference, waist-to-hip ratio

Study design: Systematic reviews of Randomized Controlled Trials (RCTs) and RCTs

The literature search was conducted on journal articles published up to October 2016 in the
ProQuest Family Health, Scopus, PubMed Central, MEDLINE®, CINAHL, and Cochrane databases.
Keywords were combined using the Boolean operators ‘AND’” and ‘OR’ to create the following three
search categories: ‘patient OR client OR client-centered OR participant OR adult’ AND “dietitian OR
dietetic’’ AND ‘consult* OR referral OR practice OR counselling OR interview OR advice OR
outpatient OR clinic’. Limits included humans, adults and English language. There were no date
restrictions to the search, given that the body of literature had not previously been synthesized. The
original search was conducted in October 2016 and an updated search was conducted in October
2018. Each abstract was screened in duplicate. The reference lists of the systematic reviews that did
not themselves meet the eligibility criteria were searched for eligible articles.

The full text of all the articles that met the inclusion criteria were retrieved and examined by two
researchers. Two researchers independently assessed the quality of each of the included publications
using the Cochrane Risk of Bias tool. Data from the included publications were extracted in duplicate.
Publications reporting data on anthropometry outcomes were examined and the following data were
extracted: the study identification (first author, year, country), primary study aim, recruitment
criteria, participant characteristics at baseline (gender, age, adiposity), sample size and numbers
completing (intervention and comparator), analysis technique (intention-to-treat (ITT) or per-
protocol analysis), study end point, description of the dietitian intervention (type of dietary advice,
frequency, duration), comparator (usual, minimal or no intervention), and risk of bias. For the
outcomes, data on the measurement methods (self-report of measured) and the measures reported
(weight, waist, percent body fat and other metabolic measures of glycemic control and blood
pressure) at baseline and at the end of the intervention period were extracted, noting whether the
outcomes were stated as primary or secondary. The mean values and variance measures (standard
deviation (SD) and standard error of the mean (SEM) or 95% confidence intervals (CI)) were
extracted. All variance measures were converted to standard deviations using the Cochrane
Handbook method [14]. The weight data reported in pounds were converted to kilograms using a
standardized conversion (divide pounds by 2.206).

2.2. Meta-Analyses

Meta-analyses were conducted using Revman version 5.3 [15]. The studies included in the
review were only eligible for meta-analysis if they stated weight or BMI as part of their study aim,
and if they reported adequate data for the calculation of the absolute mean change in the
anthropometric measure from baseline to the end of the intervention. When the mean change and
variance was not reported, it was calculated based on the difference between means and the point SD
was calculated from the 95% confidence interval (CI) [14]. The medians and interquartile range (IQR)
data were not excluded. Rather, for studies that had greater than 100 participants, the range was
estimated [16] and then used to estimate SD [17]. The meta-analyses of interventions aimed at
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preventing weight gain were conducted separately from the meta-analysis of interventions focused
on weight loss. Pooled effect sizes were calculated as the weighted mean difference (WMD) and 95%
CI for absolute change in measures. Heterogeneity was quantified using the 12 statistic values of
approximately 25%, 50% and 75% considered to indicate low, moderate and high-level of
heterogeneity, respectively. A random effects model was used due to the high heterogeneity of the
dietetic interventions and the complexity of individual variability in response to lifestyle
modification [18]. Sensitivity analyses were conducted using the “leave-one-out” method, to assess
whether any single study elicited undue influence on the overall result.
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Figure 1. Flow diagram of the literature search and filtering results for a systematic review of the

effectiveness of individual dietetic consultations for managing weight.
3. Results

3.1. Characteristics of Included Studies

Figure 1 outlines the results of the literature search and screening processes. No systematic
reviews were found that met the inclusion criteria. Fourteen RCT studies were eligible for inclusion
in the review. The characteristics and outcomes of those studies are given in Table 2 according to the
study aims. No studies were rated as having a low risk of bias. Seven had an unclear rating [19-25]
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and the remaining seven [26-32] had a high risk of bias. The main cause of the high risk of bias was
the rate of participant dropout resulting in incomplete long-term data. Other common sources of bias
included inadequate reporting for participant blinding, blinding of outcome assessment, allocation
concealment, and sequence generation. Seven of the studies calculated the effect for their primary
outcome variables using intention-to-treat (ITT) principles [19-22,24,25,28], three of which also
reported per-protocol analyses [21,25,28]. For those studies reporting ITT results, last observation
carried forward (LOCF) was the most common approach to handling missing data [21,24,28]. Six
studies [23,27,29-32] relied only on per-protocol analysis to assess the intervention effects. The study
by Imai and colleagues made no mention of whether ITT analysis was used. However, the tables
appear to state that there were no dropouts during the 12 months of the study [26].

The oldest included study was published in 1978 [30] and the most recent was published in 2018
[25], with the majority of the studies published since the year 2000. Four of the studies were
conducted in the USA [20,23,28,29], two in Australia [19,27], two in China [24,25], and the remainder
in Denmark [31], Italy [21], Japan [26], Scotland [30], Taiwan [32] and one trial was multinational
(nine countries) [22]. While the inclusion criteria specified that all the participants were adults, most
studies reported recruiting from a broad age range with the smallest age range within a study being
26 years [31]. Two studies [19,22] specified only that the participants were >18 years, and one [30] did
not specify age range.

In terms of the stated study aims, five studies specified weight loss [19,21,22,28,30], one aimed
to limit weight gain [29] and one aimed to limit gestational weight gain [31]. Three studies stated the
assessment of weight [25] or BMI [23,24] as part of their aim, while the remaining four studies did
not mention weight or BMI in their aim, but did measure one or both of these outcomes [20,26,27,32].
The participant groups varied in their baseline BMI distribution. As might be expected, of the five
studies aimed at weight reduction, four deliberately set out to recruit overweight or obese individuals
and the mean baseline BMI for the participants in those studies was in the obese range [19,21,22,28].
The remaining study with weight loss as an aim, did not report the weight status at study entry [30].
The study by Loprinzi and colleagues aimed at weight gain prevention did not report baseline BMI,
but instead reported categories of percent ideal body weight (IBW), with 36% of their participants
more than 20% above IBW at baseline [29]. The study by Wolff and colleagues [31], aimed at
restricting gestational weight gain, deliberately recruited obese women. Of the three studies that
stated assessing the effect on weight or BMI as part of their aim, one [23] had participants with a BMI
in the overweight range and the other [24] had participants in the healthy weight range. The study
by Liu and colleagues [25] separated participants into two BMI categories. Those with a baseline BMI
of 24 kg/m? or above received weight loss advice, while those with a BMI below 24 kg/m? were
advised not to lose weight. For the four studies without stated aims around weight, two [26,27] had
participants with a mean baseline BMI in the healthy weight range, while participants in the studies
by Delahanty and colleagues [20] and the study by Huang and colleagues [32] had a mean baseline
BMI in the overweight range.

Weight was the most common form of anthropometric variable measured, being included in all
14 studies. Six of the studies [22,25,28-31] listed an anthropometric measure as the primary outcome
variable. One study [24] listed anthropometry as a secondary outcome variable, and all the other
studies measured anthropometric variables without further specification. Only one study used self-
reported weight. The study by Wolff and colleagues examining gestational weight gain asked
participants to self-report their weight prior to conception (the study end-point was measured by the
research team) [31]. For all other studies, the research team measured weight at baseline and at study
end points. Eight of the studies [19,21-26,32] used data on weight and height to calculate BMI. Waist
circumference was reported as an outcome variable in four studies [19,21,22,25]. Two studies also
reported data on percentage of body fat [19,25]. In terms of metabolic measures, four studies
[22,26,31,32] collected blood glucose data with participants fasting at the time of collection. The study
by Imai and colleagues [26] and the study by Huang and colleagues [32] also collected HbAlc. The
study by Wolff and colleagues [31] collected serum insulin levels and conducted an oral glucose
tolerance test. Two studies measured blood pressure [24,30]. Only three papers [22,28,29] reported
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powering the study for the primary outcome of weight change. While Rhodes and colleagues, [23]
and Naldi and colleagues [21], also reported a sample size calculation, they did not reference an
evidence source for their figures nor state the outcome measure upon which the calculation was
powered.

Participants received dietetic intervention for a variety of medical reasons including T2DM
[22,26,32], T2DM prevention [25], hyperlipidemia [20,23,27], hypertension [24,30], overweight and
obesity [19,28], limiting weight gain during pregnancy [31], preventing weight gain during
chemotherapy for breast cancer [29] and psoriasis [21]. The dietitian interventions varied in terms of
the number of consultations and their length, and the intervention duration. All but the study by
Ramsay and colleagues [30] specified the total number of consultations, which varied from a
minimum of one [24] to a maximum of 12 [26]. The minimum consultation number was seen in the
study by Wong and colleagues [24] with a single dietitian session conducted just after allocation, and
the maximum number of sessions was in the study by Ash and colleagues who used 11 [19] visits
over a six-month period. The group mean of the total time spent in dietetic consultation was reported
or could be calculated for seven studies [20,21,23,24,26,28,31] and ranged from 25 minutes [24] to 10
hours [31]. The intervention length ranged from 2 months to 12 months, with a median of 6 months.
While the end points were generally measured at the end of intervention delivery, or shortly
thereafter, two studies examined more distant end points. The study by Wong and colleagues [24]
analyzed end-points 6 and 12 months after their single intervention session, and the study by Liu and
colleagues [25] examined study endpoints at 12 months, some eleven months after the intervention
contact with the dietitian. Three studies assessed effect maintenance by again collecting data 3 [31] or
6 months after the study end point [19,20].

The type of dietary advice provided by the dietitian in the intervention varied (shown in Table
2). Of the five interventions aimed at weight loss, four gave advice based on restricting energy intake,
by specifying a set intake of 3300K] [30], calculating a 15% decrease in caloric intake [22], setting
energy intake at 80% of estimated requirements [21], or making individual prescriptions for an
energy deficit to achieve a loss of 0.5-1 kg per week [19]. The study by Kesman and colleagues
prescribed food portions rather than specifying energy and macronutrient intake [28]. Studies aimed
at preventing weight gain incorporated dietary advice to limit weight gain to within five pounds [29]
while a calculated energy increase was recommended in the study by Wolff and colleagues [31] to
allow for fetal growth. Of the studies assessing effects on weight or BMI, Rhodes and colleagues [23]
limited the proportion of energy supplied by fat and saturated fat [23], Wong and colleagues used
the Dietary Approaches to Stop Hypertension (DASH) diet goals [24] and Liu and colleagues
specified 10% caloric reduction to achieve weight loss but only in those with a BMI of 24 or above
[25]. All participants in the Liu study received the same advice on macronutrient distribution (fat
<30% calories, carbohydrate 55-65% calories and 20-30g of fiber/day. For the studies aimed at
reducing blood lipid levels, Delahanty [20] used national (USA) cholesterol lowering guidelines,
while Johnston and colleagues [27] stated only that the dietitian counselled on food planning, cooking
methods and recipe modification. For the studies aimed at T2DM management, the study by Imai
and colleagues described the dietary advice as being aimed at achieving dietary behavior change [26],
while the study by Huang and colleagues [32] aimed to avoid excessive energy intake while following
set macronutrient profiles.

Comparator groups were characterized as usual care, minimal care or control. Studies used this
terminology in various ways, with some studies describing the control condition as the absence of
any information [31] while others provided written information [19] or a general information session
[21,25] under the heading of a control condition. The type of information provided is described in
Table 2. The most frequently cited comparator was nutrition advice delivered by another health
professional such as a doctor or nurse which was listed as the comparator in seven studies
[20,21,23,24,26,29,30,32]. Brief oral information was provided by a study investigator in the case of
the multinational study by Niswender and colleagues [22]. Other studies provided only written
information to the control group [19,27,28]. One study used a control group that received no
intervention [31].
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3.2. Results of Included Studies

Six studies listed a positive effect for the intervention on weight and/or BMI [19-21,23,25,30,31].
For four of the other eight studies [19,22,24,27], while there was no between group difference, the
dietitian intervention was as effective in achieving significant weight or BMI loss as usual care or
brief advice [22,24] or written information [19,27]. The four remaining studies [26,28,29,32] found no
significant changes in weight or BMI as a result of the dietitian interventions.

It is important to consider these results in the context of the stated study aims of the individual
studies. Of the five studies with weight loss as a stated study aim, there was an intervention effect
for weight in the studies by Naldi and colleagues [21] (N = 303), and Ramsay and colleagues [30] (N
= 49), but not in the studies by Kesman and colleagues [28] (N= 65), or Niswender and colleagues [22]
(N = 611). The study by Ash and colleagues [19] (N = 119) showed a difference in weight change of
1.6 kg in favor of the individualized dietitian intervention at the six-month study end point, but did
not report the statistical significance of this result. For the study by Liu et al. [25], there was an overall
positive intervention effect, with the intervention group losing 0.57 kg more weight than the control
group. However, the result was more pronounced for those who were overweight at baseline, where
the intervention group lost 1.29 kg more weight than the control. Of the two studies that aimed to
assess the effect of the nutrition care provided by a dietitian on BMI, Rhodes and colleagues [23] (N
= 93) found an intervention effect for BMI, while Wong and colleagues [24] (N = 556) did not. For the
four studies that reported on weight or BMI change but did not have this as a stated aim, the study
by Delahanty and colleagues [20] (N = 90) found that the group receiving dietitian intervention lost
weight whereas the control group did not change, but the studies by Johnston and colleagues [27] (N
=131), Huang and colleagues [32] (N = 154), and by Imai and colleagues [26] (N = 87) found no effect
of the dietitian intervention. Of the two studies that aimed to prevent weight gain, the study by
Loprinzi and colleagues (N = 109) [29] found no effect of the intervention above the control, while the
study by Wolff and colleagues (N = 66) [31] found that the intervention was successful in achieving
significantly less gestational weight gain than the control group. Of the four studies that included
measures of glucose metabolism, three reported a positive effect of the intervention: the study by
Huang and colleagues [32] for fasting plasma glucose; the study by Imai and colleagues [26] for
HbAlc with T2DM patients; and that by Wolff and colleagues [31] for fasting serum insulin and
glucose levels in obese pregnant women at 36 weeks gestation. The two studies measuring blood
pressure found no effect of the dietitian intervention above usual care by a physician [24,30].

Three studies [19,20,31] included follow-up data months beyond the intervention end point
(data not shown in table). Delahanty and colleagues [20] found that the intervention effect observed
at six months was not maintained to 12 months, and the 2.6 kg weight loss observed at six months in
the study by Ash and colleagues was reduced to a loss of 1.8 kg at 12 months compared to a weight
gain of 0.5 kg by the control group [19]. In contrast, Wolff and colleagues found that the intervention
effect observed at 36 weeks gestation was maintained to 4 weeks post-partum, with a difference of
6.9 kg (the intervention group weighed 4.5 kg less than they had at conception, while the control
group weighed 2.4 kg more than they had at conception) [31].

3.3. Meta-Analysis

Figure 2a illustrates the meta-analyses performed for the five studies with weight loss aims for
which data could be extracted [19,21,22,25,28]. Figure 2b shows the meta-analysis for four studies of
BMI change. As only two studies were aimed at weight gain prevention, no meta-analysis was
performed on this outcome. Between-study heterogeneity was low, and not statistically significant
for weight loss (I = 20%, p = 0.29) or BMI reduction (I> = 0%, p = 0.75). The pooled mean difference,
showing absolute change in values following intervention, favored individual dietetic consultations
to induce both weight loss (pooled mean difference -1.03kg with 95% CI [-1.40, -0.66], p < 0.0001),
and BMI reduction (pooled mean difference —0.43 kg/m? with 95% CI [-0.59, -0.26], p < 0.00001). The
squares in Figure 2 represent the weighted mean difference for each study. The size of the square
represents the study weighting, with the larger squares corresponding to studies with a larger sample
size. The diamond represents the pooled mean and 95% CI for all studies.
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Intervention Comparator Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ash et al 2006 26 29 51 14 28 54 102% -1.20[2.29,-0.11)
Kesman etal 2011 1.5 31 33 -04 19 32 81%  -110[2.35019) E—
Liuetal 2018 -1.64 402 250 -035 361 266 237% -1.29[-1.95-063] —
Naldi etal 2014 -30291 151 <17 225 152 283%  -1.30[1.89,-0.71) —
Niswenderetal 2014  -1.05 359 305 -056 353 304 297% -0.49[1.06,008) —
Total (95% CI) 790 808 100.0% -1.03[-1.40,-0.66] %
Heterogeneity: Tau®= 0.04; Chi*=5.01, df= 4 (p = 0.29) F= 20% ; f

-4 -2 0 2 4

Testfor overall effect Z= 5.47 (p <0.00001) Favours [Intervention] Favours [Comparator]

(a) Weight loss (kg) — Intervention vs Comparator.

Intervention Comparator Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ash etal 2006 09 071 51 05 11 54 226% -040[-0.75,-0.05) —
Liuetal 2018 -06 151 250 -014 14 266 443% -046[071,-0.21) -+
Rhodes etal 1996 11 09 45 -06 08 48 233% -050[-085-0.15) —
Wong etal 2015 -049 393 260 -033 195 250 98% -0.16[0.70,0.38) —
Total (95% Cl) 606 618 100.0% -0.43[-0.59,-0.26] %
Heterageneity: Tau?= 0.00; Chi#=1.21, df= 3 (p = 0.75) F= 0% t f t f

-2 -1 0 1 2

Testfor overall effect 2= 4.99 (p <0.00001) Favours [Intervention] Favours [Comparator]

(b) BMI reduction (kg/m?) — Intervention vs Comparator.

Figure 2. Forest plots showing the comparisons for individual dietetics counselling versus minimal
or usual care from baseline to intervention end for (a) weight loss (kg) and (b) BMI (kg/m?).

The sensitivity analysis for weight loss showed greater influence of the final two studies on the
overall results. Removal of the study by Niswender and colleagues [22] from the analysis increased
the effect size, with the results remaining statistically significant (pooled mean difference: -1.26kg;
95%ClI [-1.65, —0.88], p < 0.00001; I? = 0%, p = 0.99). Removal of the study by Liu and colleagues [25]
decreased the effect size, with the results remaining statistically significant (pooled mean difference:
-0.96kg with 95% CI [-1.41, —0.50], p < 0.0001; I2 = 28%, p = 0.24). Removal of the study by Naldi and
colleagues [21] decreased the effect size, though the results remained significant (pooled mean
difference: —0.93kg; 95%CI [-1.37 -0.48], p < 0.0001). Removal of either of these two studies, [22] or
[25], individually, resulted in a reduction of the between-study heterogeneity (1= 0%, p =0.99; or I> =
28%, p = 0.24, respectively). However, removal of the study by Naldi et al. [21] resulted in no change
to the between-study heterogeneity. The influence of these three studies on the pooled results is likely
due to the large sample sizes and small measured error. Removal of any other study, individually,
did not significantly influence the overall effect. The stability of the significant meta-analysis result
despite the removal of studies with high weighting supports the effectiveness of dietetic
consultations for weight loss.

The sensitivity analysis for BMI reduction showed greater influence of the third study on the
overall results. Removal of the study by Liu and colleagues [25] decreased the overall effect size,
while remaining statistically significant (pooled mean difference: -0.40 kg/m? with 95% CI [-0.62,
-0.18], p = 0.0005; 12 = 0%, p = 0.58). Removal of the study by Rhodes et al. [23] from the analysis
decreased the overall effect size while also remaining statistically significant (pooled mean difference:
-0.40 kg/m? 95%CI [-0.60, —0.21], p < 0.0001; I2 = 0%, p = 0.61). Removal of any other study,
individually, did not significantly influence the overall effect. The stability of the significant meta-
analysis result, despite the removal of individual and highly weighted studies, supports the
effectiveness of dietetic consultations in decreasing BMI.
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Table 2. Details of the included randomized controlled trials (RCTs) assessing anthropometry: the measures and outcomes.
Anthropomet INT Mean (SD)
Particibants meals’ufe‘: Ty ERVENTION: change in wt
P , Dietary (kg), BMI
Other metabolic R
advice, . (kg/m?), WC (cm)
1st Author . measures . Comparator Risk of
ear, count Study aim ITT or per consultation N completed Bias
o > Baseline rotocol anI;I sis # number and ’
Recruitment criteria Characteristics 4 y period; INT CON
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“BMlI is reported where stated; in the absence of baseline BMI report, weight is included instead. # indicates ITT values reported in the results column. 2 Presence of statistically significant
difference in group mean outcome for intervention v control. ® presence of statistically significant difference from baseline for both groups, but no significant difference between the
two conditions. ¢ Data reported as median and IQR or range. 4 Error not reported by authors.

Abbreviations used in table: BMI = Body Mass Index; BP = Blood Pressure; CON = control; DASH = Dietary Approaches to Stop Hypertension; DBP= Diastolic Blood Pressure; FPG =
fasting plasma glucose; F = female; GWG= Gestational Weight Gain; HbAlc = Glycolated Haemoglobin; Hx = History; INT = Intervention; ITT = Intention-to-treat; LDL-C = Low density
Lipoprotein Cholesterol; LOCF = Last Observation Carried Forward; mins = minutes; N/A = not analyzed; N/M = Not measured; N/S = not stated; NCEP = National Cholesterol Education
Program; NW = Normal weight; OGTT = Oral Glucose Tolerance Test; OW = overweight; PASI= Psoriasis Area Severity Index; RMR = Resting Metabolic Rate; SBP = systolic blood
pressure; T2DM= Type 2 Diabetes Mellitus; w = weeks; WC= waist circumference; Wt = Weight; y = years.
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4. Discussion

The current paper adds to the emerging literature on dietitian effectiveness and broadens the
evidence base by focusing on weight management interventions. Despite the interest in evidence-
based weight management, this is the first study to synthesize and meta-analyze data on the
effectiveness of dietitians providing nutrition care for weight management in individualized
consultations. While only six of the fourteen studies showed statistically significant intervention
effects, a further four studies had interventions that were as favorable as the usual care control
condition. Pooling of the data in meta-analyses showed that the dietitian intervention achieved an
additional loss of weight and BMI when compared to usual care or written information. Given this is
the first review to focus on weight and individualized dietitian consultations, our findings will be
compared with systematic literature reviews of RCT interventions with a dietary change component
aimed at weight control but not exclusively delivered by dietitians in individualized, face-to-face
care.

While statistically significant, the mean change in weight and BMI due to the dietitian
intervention found in the meta-analysis was relatively small and of limited clinical significance at just
over one kilogram and 0.43 kg/m?, respectively. However, it is important to note that this was in
addition to the weight and BMI lost through usual care, with the dietitian interventions achieving a
total mean of 2 kg of weight loss. A systematic review by Moller and colleagues found that
individualized nutrition therapy provided by a dietitian resulted in 2.1 kg more weight loss and 0.55
kg/m?2 BMI loss than advice provided by other health professionals in patients with T2DM [11]. The
same study also found that individualized nutrition therapy achieved superior results for HbAlc and
LDL cholesterol levels. That review had similar advantages and limitations to the current review in
terms of focusing on data from RCTs, but with relatively few (five) studies meeting the criteria for
meta-analysis (one of which was the study by Huang and colleagues [32] in this review). Sun and
colleagues [12] recently published their systematic review and meta-analysis of dietitian and non-
dietitian delivered interventions aimed at preventing T2DM through weight loss. In amounts
remarkably consistent with our study, they found that participants in the dietitian-delivered
interventions lost a mean of 2.1 kg, which was 1 kg more than those in non-dietitian delivered
interventions.

It was unfortunately not possible to conduct a cost-effectiveness analysis for our review given
the lack of cost data and the inability to calculate total time spent on each intervention. The review
by Sun and colleagues also noted this limitation in the 69 studies included in their systematic review
and meta-analysis, although they were able to calculate cost effectiveness for two of the dietitian
intervention studies, with one study reported as $86.18/kg and the other at $325.10/kg [12]. While the
‘dose’ of the dietitian intervention could not be determined for all studies, it is important to note that
none of the studies included in our review were of high intensity. As a comparison, a weight control
study of five hours of dietitian time over the course of 12 months has been termed ‘relatively low-
intensity’ [33], which would mean the studies included in this review could be categorized as ranging
from low to moderate intensity. The lowest intensity study with a positive effect in our review [21]
used an intervention that consisted of just 100 minutes delivered in five twenty-minute intervals
resulting in a mean weight loss of 3 kg over 20 weeks compared with a mean weight loss of 1.7 kg by
the control group. The highest stated intensity intervention that occurred in a study with a significant
result was 10 hours of dietitian counselling delivered over six months for a 6.9 kg benefit over the
control group [31]. Given this study aimed to limit gestational weight gain, the potential maternal
and fetal health benefits of this moderate intensity intervention are significant. A systematic review,
published in 2018 by Lamminpaa and colleagues, examined dietary interventions designed to limit
or prevent gestational weight gain [34]. They found positive intervention effects for 10 of the 15
included studies, which included the study by Wolff and colleagues from our review [31]. The 15
studies varied in intervention intensity, and eight used dietary interventions that specified amounts
of nutrients and/or energy, while the other seven studies reported using general dietary advice or
national nutrition recommendations. The authors did not conduct a meta-analysis.
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Despite our review having no date restrictions and comprised a synthesis of results from over
four decades of RCT evidence, there were only fourteen studies reporting on anthropometric
outcomes for individualized dietitian interventions, and only ten of those that had weight or BMI
change as a stated aim of the study or primary outcome measure. This is perhaps surprising given
that weight management is seen as one of the key roles of a dietitian and may reflect a lack of RCT
research being conducted in this setting. Similarly, the review by Moller and colleagues included only
five studies that measured the outcomes of BMI and HbAlc relevant to their population of people
with T2DM [11]. It should be noted, however, that we deliberately excluded interventions that
included dietitians as part of a multidisciplinary team, and those delivered by dietitians in an online
format, which is likely to have limited the number of results, particularly in the most recent literature.

These types of studies were deliberately excluded for several reasons. While multidisciplinary
teamwork is important, and frequently recommended as best practice, it is not always the method
used in the primary health care setting. We also felt it was important to be able to elucidate the specific
contribution made by dietitians to assist in workforce and resource allocation. Further, the evidence
base on the role of dietitians as part of a multidisciplinary team has previously been synthesized in a
systematic review by Tapsell and Neale [35]. They found that for the 16 RCT, pseudo-RCT and pre-
post studies included in their review, interdisciplinary interventions were consistently successful in
achieving change in weight, but not in other metabolic measures. The authors noted that many of the
interventions were delivered by dietitians in combination with exercise physiologists and
psychologists, rather than the professions that comprise the majority of the primary care workforce,
doctors and nurses [35]. Similarly, the literature on weight control achieved by interventions
delivered online has been previously synthesized [36,37]. Results of the most recent systematic
review and meta-analysis conducted by Hutchesson and colleagues [37] found that eHealth
interventions achieved weight loss of 2.7 kg more than the control group, while minimal
interventions achieved a loss of 1.4 kg.

The range in observed weight change results for the included studies could be explained by real
differences or by study artefacts in this evidence base. Potential methodological design factors
include: the majority of studies being of less than 12 months duration, lack of attention given to
specifying a primary outcome or powering the study sufficiently for that outcome variable, lack of
standardized endpoints and their measurement and/or reporting, variation in the control conditions
used (from other health professionals delivering dietary advice, to written information to no
intervention) and an overall lack of clear description of methods and results which we have reported
previously [38]. Most studies did not separate the results by gender, and it is possible that one gender
may respond better to individualized dietetic interventions that are traditionally delivered by women
in this female-dominated profession. While the effects of participant gender have been examined in
a systematic review of weight loss intervention studies [39], the impact of gender on outcomes from
individualized dietetic consultations has not been studied.

Heterogeneity in the intervention design and in the dietary goals of the intervention also makes
evidence base synthesis difficult. We could reasonably expect the observed result of an intervention
of 10 hours duration delivered over the course of a pregnancy [31] having a superior effect than a
one-off dietetic consultation of 20 minutes duration [24]. However, other results made less sense,
such as the intervention totaling six hours delivered over one year having no effect [26], while a single
consultation achieved one of the highest amounts of weight change over the same period [30]. The
inability to calculate a total “dose” of dietitian time for each of the studies limits the comparability,
and future studies need to clearly report total time spent to allow cost-effectiveness calculations.
Studies also need to detail the dietary goals and advice used in the interventions. Even when the
dietary goal was weight loss, as in five of the studies, five different dietary modification methods
were applied in pursuit of that goal.

ITT is the use of data for all randomized participants in the analysis for the primary outcome
variable [40]. Despite the fact that it isa CONSORT standard for RCTs [41,42], not all studies reported
intention-to-treat analyses. The limitation of relying on per-protocol analysis can be seen in the results
of the study by Kesman and colleagues [28] who found a significant result for the participants
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completing the trial, which was no longer significant when analyzed using ITT principles. In contrast,
the study by Naldi and colleagues had a higher number of participants and reported that they
achieved similar results for the ITT and per protocol analyses [21]. It was more common for papers
published after the year 2000 to use and specifically refer to ITT, with seven of the ten papers doing
so. No papers published before 2000 reported ITT. A review of the use of ITT in reports in the top
medical journals conducted by Bell and colleagues [43] found that use of the term ITT had increased
since 2001, and lack of ITT reporting will hopefully be less of a limitation in future intervention
studies. It should be noted that some studies that conducted per-protocol analyses had little missing
data (for example, the study by Loprinzi and colleagues lost only 2 of 109 participants [29] and the
study by Rhodes and colleagues lost 7 of 100 participants [23]).

5. Limitations

There were several limitations to the systematic review and meta-analyses. It is possible that the
studies that involved individualized dietetic interventions were missed in the search if the term
‘dietitian” was not used in describing the intervention. This highlights the importance of researchers
providing a detailed intervention description and careful use of key words. By not having a date
limit, studies that spanned four decades were compared which makes comparability difficult. Weight
was not the primary study aim or outcome measure for all the included studies, but at least it was
measured rather than self-reported (with the exception of the weight at conception in the gestational
weight gain prevention RCT) [31]. A further limitation was that not all studies included similar
populations, and they varied in baseline BMI. Eight of the studies [20,22-25,29,31,32] reported
measuring some aspect of dietary intake which limits the assessment of intervention fidelity for the
body of evidence.

The meta-analysis is limited by the inclusion of studies with different comparator groups and
the results should be interpreted with caution. These groups were not equal; the advice of an obesity
researcher could reasonably be expected to have a greater effect than a ‘no information” control.
However, excluding these would have meant there were too few studies to conduct the analysis. As
it is, there were only five studies eligible for the weight and BMI analyses respectively, which
increases the risk of error and bias in the results. A further limitation is that not all studies included
in the BMI meta-analysis conducted ITT analyses (although all studies included in the weight meta-
analysis did). The study by Rhodes and colleagues [23] did not report using ITT, although the risk of
bias from their inclusion in the meta-analysis is decreased by the fact that they reported only 7
dropouts out of 100. These factors largely reflect the usefulness of the current evidence and
methodological improvements need to be applied to studies to improve the evidence base and
practice guidelines for the effectiveness of dietitian consultations at achieving weight management.

6. Conclusions

The most common nutrition-related problem in the population is overweight and obesity, with
dietitians being the main group responsible for dietary interventions to prevent and treat the
problem. The main delivery vehicle for the management of overweight and obesity is the
individualized consultation. Despite this, this is the first synthesis of the evidence that individualized
consultations with a dietitian make a small but significant difference in weight control. Future RCTs
to explore the influence of dietitian consultations on weight management are warranted. In
particular, cost-effectiveness analyses will be important in determining the economic benefits of this
modest weight loss.
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