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Abstract: The effect of weight loss on psychological stress is unknown. The study aimed to investigate
the effect of diet-induced weight loss in overweight and obese adults on psychological measures of
stress through a meta-analysis of randomized controlled trials (RCTs). Databases including Medline
Complete, Embase and PsycINFO were searched up to February 2018 for diet-induced weight loss
RCTs, which included self-reported assessment of psychological stress. The mean difference between
the intervention and control group of changes in stress (intervention—baseline) was used. Ten RCTs
were included with 615 participants (502 women, age range 20-80 years). Overall, there was no
change in stress (mean difference —0.06, 95% CI: —0.17, 0.06, p = 0.33) and no change in the five
studies with a significant reduction in weight in the intervention group compared to a control group
that lost no weight (mean difference in weight —3.9 Kg, 95% CI: —5.51, —2.29, p < 0.0001; mean
difference in stress 0.04, 95% CI: —0.17, 0.25, p = 0.71). For all analyses, there was low heterogeneity.
The benefits of weight loss for those who are overweight and obese do not appear to either increase
or reduce psychological stress at the end of the weight loss period.

Keywords: diet; weight loss; obesity; stress; adults; meta-analysis

1. Introduction

Obesity is a global epidemic and is increasing at an alarming rate [1], and is associated with
comorbidities such as cardiovascular disease (CVD), type 2 diabetes and metabolic syndrome [2].
The causes of obesity are both diverse and complex, and can be attributed to physiological,
environment, cultural, socioeconomic, psychological and genetic factors [3].

Stress can be defined as “the pattern of specific and nonspecific responses a person makes to
stimulus events that disturb his or her equilibrium and tax or exceed his or her ability to cope” [4].
Psychological stress has been linked to the development of diseases such as CVD, cancer, depression
and anxiety [5-8]. High levels of perceived psychological stress are also associated with factors related
to unhealthy lifestyles such as a greater incidence of smoking, physical inactivity and consuming
greater amounts of alcohol [9], as well as stimulating appetite for hedonic, highly palatable foods that
are energy dense [10].

There is evidence to suggest that higher levels of stress may be associated with higher levels of
body weight, potentially by increasing energy intake and decreasing physical activity, leading to a
state of positive energy balance. A systematic review and meta-analysis of nine observational studies
reported high rates of abdominal obesity (49%) in individuals with posttraumatic stress disorder [11].
A systematic review of prospective cohort studies found that there was moderate evidence to support
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the notion that relationship stress, perceived stress and distress was associated with the development
of weight gain in adults [12]. However, a review of cross sectional studies examining the relationship
between psychological workload, defined as high job demand and low influence [13], and body weight
only reported a weak positive relationship [14].

Weight loss has been found to lower the risk for some comorbidities associated with obesity
including CVD, type 2 diabetes, dyslipidaemia and hypertension [15]. A significant correlation
between psychological stress and all domains of quality of life (QOL) was found in patients with
hypertension [16]. Weight loss can also have beneficial effects on mental health including QOL,
self-esteem and depression. Two studies have reported that weight loss improved QOL in obese
individuals [17,18]. In a study by Fontaine et al. [19], weight loss of 8.6 kg over 13 weeks was associated
with higher scores (enhanced QOL) for physical functioning, role-physical, general health, vitality and
mental health domains of the SF-36. The authors proposed that these improvements were attributed to
the increase in energy levels and participant’s ability to perform activities of daily living after weight
loss. In a meta-analysis of 117 weight loss treatments assessing the effect on self-esteem and depression,
only those that resulted in weight loss predicted improvements in self-esteem, whereas improvements
in depression were independent of weight loss [20]. However, weight loss has also been reported
to have detrimental effects on psychological well-being. Restricted energy diets for the treatment
of overweight and obesity have been reported to increase fatigue and decrease vigour [21,22] and
increase tension [22], which may be associated with feelings of deprivation and hunger. Considering
the potential association between stress and body weight, it is important to understand the effect of
weight loss on perceived level of psychological stress.

The aim of this systematic review and meta-analysis was to assess the effect of weight loss on
psychological measures of stress in randomized controlled trials that induced weight loss by dietary
restriction in overweight and obese adults and concurrently measured psychological stress.

2. Materials and Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines
were followed for this meta-analysis [23]. The protocol for this meta-analysis is available in PROSPERO
(registration code: CRD42016039179).

2.1. Inclusion and Exclusion Criteria

The meta-analysis was limited to peer reviewed randomized controlled trials (RCTs) that included
at least one diet-induced weight loss intervention, that targeted overweight and/or obese adult men
and/or women (>18 years, Body Mass Index (BMI) > 25 kg/m?), reported significant weight loss in
at least one arm and baseline, end and/or change in stress levels. We included studies that measured
body weight and /or BMI as the primary outcome indicator of dietary restriction. Studies were required
to report a psychological measure of self-reported stress using one of the established measures as
defined by Figueroa-Fankhanel [24].

We excluded studies with pregnant and/or lactating women. Studies utilising a combination
of diet and other means of weight loss were excluded: psychotherapies (e.g., Cognitive Behaviour
Therapy) as these may have independent effects on psychological stress; drug therapy to induce weight
loss; and surgery (e.g., gastric banding, gastric bypass, or gastroplasty) as this population group has a
high prevalence of psychopathology and personality disturbances [25]. Studies with structured and
monitored exercise regimens were excluded from the meta-analysis as exercise is known to improve
stress [26], but those that encouraged participants to undertake physical activity to maintain a healthy
lifestyle were included.

2.2. Search Strategy

Online literature database searches were performed in Medline Complete, AMED, CINAHL
complete, PsycARTICLES, PsycBOOKS, PsycEXTRA, PsycINFO, Psychology and Behavioral Sciences
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Collection, Global Health, Embase, Scopus, EMB reviews, APAIS-Health, Health & Society,
PsychiatrOnline.org, Health collection, and trove.nla.gov.au (grey literature). Searches were restricted
to human studies that were published in English language, but not limited by publication date up to
February 2018. The following terms were used: weight loss, weight management, weight reduction,
overweight, obes*, obesity treat*, dietary intervention, diet*, diet reduc*, stress, psyc* distress, mental
health, psyc* and psyc* health. From the combination of the above search terms and the Medical
Subject Headings (MeSH) database filters, relevant journal articles were retrieved.

2.3. Search Results and Selection of Studies

All search results generated by the database searches were exported into a reference management
system (EndNote X8) and duplicates were removed. Two investigators independently screened the
search results against study inclusion and exclusion criteria. Titles and abstracts were first reviewed to
determine the eligibility for full text assessment. The full texts of potentially qualifying studies were
then retrieved and reviewed. Disagreements between the independent investigators were resolved by
discussion and consensus.

2.4. Risk for Bias

The risk for bias was assessed using the methods outlined in the Cochrane Handbook for
Reviews of Interventions [27]. The following were assessed: random sequence generation; allocation
concealment; blinding of participants, personnel and outcome assessment; incomplete outcome data
and selective reporting.

2.5. Data Extraction

Eligible studies were reviewed, and the following data were extracted by two investigators: first
author’s name and year of publication; number of participants in the intervention and control groups,
age, baseline BMI; dietary intervention and control, method used to measure psychological stress,
study duration; change in weight and stress. Where one study reported data from the Profile of Mood
States (POMS) and Spielberger State Trait Anxiety Inventory (STAI) [28], only the (STAI) results were
included in the analysis to allow for greater consistency between included studies. Where mean
changes were reported graphically with variance [28], the graph was magnified 600x and values were
estimated by the author (AOB). Where variance was reported as SE, SD was calculated. For studies
that reported stress at end, change from baseline standard deviation was imputed using a correlation
coefficient [27,29-32]. A correlation value of r = 0.6 was used as it is considered a conservative estimate
from reliability studies while taking into consideration longer time periods between baseline and final
measurements of the included studies [27].

2.6. Statistical Analysis

Review Manager (RevMan version 5.3) was used to conduct the meta-analysis. Initial analysis
compared stress at end with stress at baseline for each trial arm of the studies where all groups lost
weight. A second analysis included all dietary interventions comparing stress at end with stress at
baseline for all trial arms to determine if participating in a study affected stress outcome. Sub-analyses
were performed for studies reporting a difference in weight change between groups and for all trials
that compared intervention groups that lost weight with control groups that did not lose weight
using change in stress as the outcome. Random effects models with standardized mean differences, as
recommended by the Cochrane Collaboration [27], were used for all analyses. All treatment effects
are presented with 95% confidence intervals (CI). Heterogeneity was assessed using Q-statistics (Chi?)
and I? [33]. Funnel plots were used to detect the possibility of publication bias, and Egger’s regression
test [34] to measure funnel plot asymmetry was performed using Stata Statistical Software (release 15;
College Station, TX: StataCorp LLC).



Nutrients 2018, 10, 613 40f12

3. Results

Figure 1 shows the process by which the included studies were identified. We identified
4472 potential RCTs from the electronic search and a further three studies through manual searches
of relevant articles. Removing duplicates left 2708 studies, of which 2151 were assessed to not meet
the inclusion criteria. Abstracts and full text articles for the remaining 557 studies were judged as
requiring full review. Of these remaining studies, 10 trials met the inclusion criteria and were included
in the meta-analysis.

4472 studies 3 additional studies
identified through identified through
databasesearching other sources
2708 studies after
duplicates removed
1' -)| Included structured exercise (n=3) |
2708 studies - -
screened (titles 2151 studies —)I Full text not in English (n=1) |
and abstracts) excluded - - -
,L No diet alone intervention (n=50)
557 full text —)I Stress not measured (n=443)
ex
. 547 studi
studies assessed > excllslc;le dl e __>| Participants not overweight/obese (n=8)
for eligibility
\]{ —)I Not RCT (n=24) |
10 studies included -)| Pregnant/lactating participants (n=1)|
in the meta-analysis
')I Weightloss not primary objective (n=14)|

_)| Not peer reviewed (n=1) |

Figure 1. Study selection flow chart and reasons for full-text screening study exclusion.

3.1. General Characteristics of the Selected Studies

The sample size, age, baseline BMI, dietary intervention, stress measure, study duration, weight
loss and effect on stress in the intervention and control groups in each of the 10 RCTs are described
in Table 1. Sample sizes ranged from 16 to 205 with a total of 615 participants, age range 20-80 years.
The duration of the trials ranged from 3 weeks to 12 months. The most common measure of
psychological stress was the STAI [35], which was used in 7 trials [4 reported STAI-S (State) and
3 reported STAI-ST (State and Trait combined)], followed by the Perceived Stress Scale [36], which was
used in 2 trials, one study used the POMS [37] and one study used the Positive and Negative Affect
Schedule (PANAS) [38]. The STAl is a respondent-based questionnaire with a cognitive and emotional
theoretical underpinning that measures State anxiety, how respondents feel right now, and Trait anxiety,
how respondents generally feel [24,39]. Scores range from 20 to 80 with higher scores indicating higher
levels of anxiety [39]. The Perceived Stress Scale is respondent based and has a cognitive, emotional
and environmental theoretical underpinning [24]. The original 14-item scale measures the degree
to which situations in one’s life are appraised as stressful [36]. Scores range from 0 to 4 with larger
scores indicating greater perceived stress. The POMS is a respondent-based questionnaire with an
emotional theoretical underpinning [24]. The 37 item POMS is a validated tool designed to assess
current mood and changes in mood state. Participants rate their mood state on a five-point Likert
scale (0 = not at all, 4 = extremely) which best described how they had been feeling during the
past week, with lower scores indicating better mood [40]. The PANAS is respondent based and has
an emotional and environmental underpinning [24]. The instrument comprises two 10-item scales,
providing independent measurements of positive and negative affect [38]. Five trials reported stress as
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a primary outcome [28,30-32,41] and five trials reported stress as a secondary outcome [29,32,42-45].
For the study that reported both POMS and STAI results [28], only the STAI results were included
in the analysis. In the studies that separated STAI-S and STAI-T results, the STAI-S was selected for
inclusion [29,43].

3.2. Risk for Bias Assessment Summary

The risk for bias assessments are described in Table 2. Overall, across the ten intervention studies,
six had low risk and four had high risk for bias.

3.3. Effect of Weight Loss on Stress

Meta-analysis was performed in all ten studies representing 22 trial arms including those that lost
weight and maintained weight (Figure 2a). Overall, there was no significant change in stress (mean
difference —0.06, 95% CI = —0.17, 0.06, p = 0.33) (Q = 22.0, df =22 (p = 0.46) I*> = 0% (Figure 2a). In a
subgroup analysis of six studies where there was a significant reduction in weight in all trial arms,
no improvement in stress was reported (mean difference —0.15 (SD), 95% CI = —0.33, 0.03, p = 0.10,
(Q=145,df =13 (p = 0.34) I?> = 10% (Figure 2b).

(a)

Stress at end Stress at entry Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand: 95% CI
Etinkworth 20093 [28] 254 8.04 33 318 804 33 5.2% -0.79[1.29,-0.28]
Brinkwarth 2008k [28] 283 905 32 3025 82 32 5.4% -0.22 071, 0.27] I
Green 2005a [41] 3243 116 16 3306 116 16 27% -0.04 [-0.75, 0.64] Y
Green 2008k [41] 31.83 6.5 14 3375 6.5 14 23% -0.28 [-1.03, 0.48] —
Green 2005¢ [41] 3374 138 25 3483 14 25 4.2% -0.08 [F0.63, 0.48] I —
Imayama 2011a[32] 389 275 87 371 264 87 147% 0.07 [-0.23, 0.36] -
Imayama 2011k [32] 3481 285 118 347 266 118 200% 0.02[-0.24, 0.27] -
Prehn 2017 a [45] 326 41.458 18 3 39.46 18 30% 0.04 [0.61, 0.69] [ —
Prehn 2017k [45] 1.5 3226 18 338 3313 19 32% -0.07 [F0.70, 0.57] e —
Surwit 19972 [42] 33.82 10485 20 395 1253 20 4% 0.16 [-0.46, 0.78] [ —
Surwit 1997h [42] 29.54 11.52 22 3027 987 22 37% -0.07 [F0.66, 0.52] —
Tomiyama 2010a [31] 272 043 28 269 0457 29 4.9% 0.05 [-0.46, 0.57] T
Tomiyama 2010k [31] 297 073 23 267 0458 23 3.8% 0.45[-0.14,1.03] T
Tomiyama 2010c [31] 283 0481 28 281 038 28 4.6% 0.48 [-0.05, 1.01] T
Tomiyama 2010d [31] 279 062 20 279 053 20 3.4% 0.00 [-0.62, 0.62] T
Wadden 19853 [43] 436 130 8 466 1075 8 1.3% -0.24 [1.22,0.75] R
Wadden 1885k [43] 384 905 g 458 852 g 1.2% -0.76 [F1.79,0.27] I ——
Wadden 1887a [29] 47.5 a7 13 503 5.8 13 21% -0.37 114, 0.41] — T
Wadden 1887h [29] 43 145 18 43458 9.3 18 25% -0.04 [0.75, 0.68] I —
Wing 19912 [30] 32.4 9 15 357 96 15 25% -0.35 [1.07, 0.38] e
Wing 1991k [30] 3|1 124 16 381 132 18 27% -0.30 [1.00, 0.39] T
Yamauchi 20144 [44] 9.9 25 g 1048 3.4 g 1.3% -0.32 [-1.30, 0.67] e E—
Yamauchi 2014h [44] 4.1 148 10 9.4 245 10 1.7% -0.41 [1.30, 0.48] I — —
Total (95% CI) 507 597 100.0% -0.06 [-0.17, 0.06] 4
Heterogeneity: Tau® = 0.00; Chi®= 21.96, df= 22 (F = 0.46), F= 0% 1 1

b

-2 1

Testfar overall effect: £=0.83 (F = 0.33) Stress was reduced Siress was increased

(b)

Stress at end Stress at entry Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Erinkworth 2009a [28] 254 8.04 33 0318 804 33 109% -0.79[1.29,-0.28]
Erinkwiorth 2009k [28] 283 905 32 3025 8.2 320 11.3% -0.22 071, 0.27) .
Frehn 2017a [45] 326 41.48 18 3 39.46 18 6.9% 0.04 [-0.61, 0.65] -
Frehn 2017h [45] 3.5 3226 18 338 3313 19 T.1% -0.07 [F0.70, 0.47) e R
Surwit 19973 [42] 33.82 10485 20 31.95 1253 20 TE% 0.16 [-0.46, 0.78] — 1
Surwit 1997h [42] 29.54 11.52 22 3027 9487 22 8.2% -0.07 [F0.66, 0.52] — T
Tomiyama 2010a [31] 272 043 28 289 057 29 10.8% 0.05 [-0.46, 0.57] -
Tomiyama 20100 [31] 297 073 23 2687 058 23 8.4% 0.45[-0.14,1.03] -
‘Wadden 19853 [43] 436 1301 8 466 1075 L} 32% -0.24 [1.22,0.75]
‘Wadden 1985b [43] 384 905 8 4589 9E2 8 3.0% -0.7B [1.79, 0.27] —
Wadden 1987a [29] 474 87 13 403 58 13 5.0% -0.37[F1.14,0.41] - 1
Wadden 1987h [29] 43 1454 15 4345 9.3 15 5.8% -0.04 [-0.75, 0.68] e E—
\Wirg 19812 [30] 32.4 9 15 357 96 15 58% -0.35 [-1.07, 0.38] —_—
Wing 1991k [30] g1 124 16 381 132 18 B.1% -0.30 [-1.00, 0.39] —— —
Total (95% CI) 2 271 100.0% -0.15 [-0.33, 0.03] ’
Heterogeneity: Tau= 0.01; Chi®= 1451 df=13 (P=0.34); F=10% 11 t

'

t
1 2
Stress was reduced Stress was increased

Testfor overall effect: Z=1.66 (P =0.10) ¥
Figure 2. Forest plot displaying standard mean difference and 95% confidence intervals (CI) for the
effect of weight loss on stress (a) in all trial arms from studies and (b) in all trial arms from studies that
resulted in dietary-induced weight loss. #*<4 Multiple trial arms.
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Table 1. Eligible randomized controlled trial studies investigating the effect of diet induced weight loss on psychological stress in overweight and obese adults.

Participants Study Design Outcomes
Age (mean = SD) or Baseline . . .
Study N range (years) BMI (kg/m?) Intervention Stress measure Duration Weight change Stress change
) 65 men and women 1G: Isocaloric conventlona! high carbohydrate IG: improvement in STALST
Brinkworth et al. ith abdominal 50.0 + 8.2 337+ 41 low-fat diet POMS 12 th IG: -13.7 kg * G
2009 [28] with abcomina : i : : CG: Energy restricted very-low carbohydrate, STAI-ST months CG: —13.7kg* vs
obesity # hi . p < 0.05 between groups
gh-fat diet
. 1G:293 £6.5 IG: Hypocaloric supported diet 1G: —2.7kg* X
Green [EI la]L 2005 %5 ovgrm::ght 20-45 CG1:282+4.1 CG1: Hypocaloric unsupported diet STAI-S 8 weeks CGl1: —2.2kg* Clgl FOOChEde
wom CG2: 269 + 6.5 CG2: Usual diet CG2: —0.05 kg * F o change
Imayamaetal. 205 overweight and 1G:58.1 +5.9 1G:31.0 £ 3.9 1G: ReduEle;iOBa_lzogsz il;tf;gawf ight loss Perceived stress 12 months 1G: —8.5.t/;1cgg1pared IG: no change
2011 [32] obese women CG:574+44 CG:30.7+39 /aay scale wi CG: increased *
CG: Usual diet p < 0.01 between groups
Positive PANAS
IG: no change
CG: decreased *
Prehnetal. 2017 oo oo 1G: 61 + 4 1G:35.0 (3.7) IG: Calorie restriction PANAS 19 weeks ICGG’ESS tg Nfé,aﬁ(v)i}ffﬁﬁ‘s
[45] CG:61+6 CG:34.7 (4.3) CG: Usual diet STAI-ST . . 8
CG: not reported CG: no change
STAI-ST
IG: no change
CG: no change
Surwit et al. 13011220‘8;72?11%1 1G: 40.6 + 8.2 1G:35.9 + 4.8 IG: Low-fat, high-sucrose hypoenergetic diet STALS 6 weeks 1G: —69kg* IG: no change
1997 [42] oo CG:403+73 CG:349+44 CG: Low-fat, low-sucrose hypoenergetic diet CG: —7.4kg* CG: no change
body weight
- . IG:-0.9 kg . "
1G:25.8 £3.6 IG: Monitoring + restricting (1200 kcal/day) CGl-12k IG: increased
Tomiyama et al. 99 women not NA CG1:24.4+ 4.0 CG1: Monitoring only Perceived stress 3 week CGZ:-OA‘) kg CGliincreased *
2010 [31] underweight CG2: 249 + 45 CG2: Restricting only (1200 kcal /day) scale cexs Cosmnans CG2: no change
CG3: 241 434 CG3: Control i CG3: no change
p < 0.05 between groups
16 moderately . . e
Wadden et al. . IG: Protein-sparing modified fast (450 kcal/day) g 1G: -87kg* IG: decreased *
1985 [43] overweight men 381 NA CG: Protein-formula liquid diet (420 kcal/day) STAL-ST 4weeks CG: -7.3kg* CG: decreased
and women #
. . o 1G: —20.5kg*
Wadden et al. Obese men (5) and  44.1 + 8.7 (women) IG: 500 kcal protein-sparing modified fast g L " IG: no change
1987 [29] women (30) 42.3 + 11.6 (men) NA CG: 1200 kcal balanced diet STALST 25 weeks CG: —15.7 kg CG: no change
p < 0.06 between groups
IG: VLCD: 1 to 4 weeks—1000-1500 cal/day, 5 to
. 18 men and 25 ! 1G: —18.6 kg * X .
Wing et al. 1991 women >30% above 35-70 NA 12 weeks—400 cal/day, 13 to 20 STALST 20 weeks CG: —101 kg * IG: decreased
[30] ideal body weicht weeks—1000-1500 cal/day < 0.003 between roups CG: decreased *
: ywelg CG: Balanced diet: 1000-1500 cal /day p<t ween group
- . *
Yamauchi et al. Og::ew};eef}(l;)a:f d 1G:55.8 £10.4 1G:27.6 +3.8 IG: Lifestyle modification including healthy plate POMS 3 months ICGG fglkf IG: no change
2014 [44] CG:59.0 =119 CG:284 +24 CG: Usual diet I CG: no change
women (9) p < 0.001 between groups

# Number of men and women not reported; IG: Intervention Group; CG: Control Group; STAI-ST: Spielberger State-Trait Anxiety Inventory; NA: Not Available; PANAS: Positive and
Negative Affect Schedule; VLCD: Very Low-Calorie Diet; POMS: Profile of Mood States. * p < 0.05 within group.
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Table 2. Assessment of Risk of Bias in the included studies using Cochrane Criteria [27].

Random Allocation Blm'd}ng of Blinding of Incomplete Selective . Overall Risk
Study Sequence Participants Outcome . Other Bias .
Generation Concealment and Personnel Assessment Outcome Data Reporting of Bias
Brinkworth et al. 2009 [28] Low risk High risk Low risk Low risk High risk High risk Low risk High risk
Green et al. 2005 [41] Low risk High risk Low risk Low risk High risk High risk Low risk High risk
Imayama et al. 2011 [32] High risk High risk Low risk Low risk Low risk Low risk Low risk Low risk
Prehn et al. 2017 [45] High risk Low risk Low risk Low risk Unclear Low risk Low risk Low risk
Surwit et al. 1997 [42] High risk High risk Low risk Low risk High risk High risk Low risk High risk
Tomiyama et al. 2010 [31] Low risk High risk Low risk Low risk Low risk Low risk Low risk Low risk
Wadden et al. 1985 [43] High risk High risk Low risk Low risk High risk High risk Low risk High risk
Wadden et al. 1987 [29] Low risk High risk Low risk Low risk Low risk Low risk Low risk Low risk
Wing et al. 1991 [30] Low risk High risk Low risk Low risk Low risk Low risk Low risk Low risk
Yamauchi et al. 2014 [44] Low risk High risk Low risk Low risk Low risk Low risk Low risk Low risk

7 of 12
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Meta-analysis of the effect of weight loss on stress was performed in six studies where there
was a significant difference in weight reduction between groups (mean difference —5.4 & 17.1 kg).
No improvement in stress was reported (mean difference —0.04 (SD), 95% CI = —0.25, 0.16 p = 0.67)
(Q=05,df =5 (p = 0.99) I> = 0% (Figure 3a). When the analysis was limited to five studies with
statistically significant weight loss compared to a control group that lost no weight (mean difference
—3.9 £ 15.2 kg), there were still no improvements seen in stress (mean difference 0.04, 95% CI = —0.17,
0.25, p = 0.71) (Q = 3.5, df =5 (p = 0.48) I> = 0% (Figure 3b). For all analyses, we observed low
heterogeneity (Figures 2 and 3).

(a)
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
Imayarma 20113 [32] 004 238 118 018 241 87  55.5% -0.06 [-0.34, 0.22]
Prehin 20174 [45] -23 293 19 16 363 18 10.2% -0.12 [0.76, 0.53]
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Figure 3. Forest plot displaying standard mean difference and 95% confidence intervals (CI) for
measures of psychological stress: trials with (a) significant difference in weight change between groups
(mean difference —5.4 £ 17.1 kg) and (b) significant weight loss in intervention group compared to no
weight loss in control group (mean difference —3.9 + 15.2 kg).

3.4. Test for Publication Bias

There was no statistical evidence for publication bias across all analyses (for all trial arms Eggers
regression, p = 0.123; all RCTs that resulted in weight loss in all trial arms: Eggers regression, p = 0.860;
all RCTs that resulted in significant between group weight change Eggers regression, p = 0.655 and;
all RCTs where the intervention group resulted in weight loss compared to no weight change in the
control group Eggers regression p = 0.612 (Supplementary Figure Sla—d).

4. Discussion

To our knowledge, this is the first meta-analysis to analyse results from RCTs to assess the effect
of diet-induced weight loss on stress in overweight and obese adults. There were only five studies that
reported significantly greater weight loss in the intervention group compared to a control group that
lost no weight (range of 0.9-12.3 kg reduction with one study reporting a reduction of 8.5%) enabling a
more robust analysis of the effect of weight loss on stress [31,32,41,44,45]. Overall, the results from this
meta-analysis revealed that there were no effects on stress, either positive or negative of undertaking a
dietary weight loss program within a trial setting. Furthermore, when we examined seven studies
representing 14 trial arms that all reported significant weight loss, there was no overall effect on levels
of psychological stress. These findings are in agreement with our recent review, where we found no
strong evidence to indicate that diet-induced weight loss had a detrimental effect on anxiety [46].
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Previous research has shown that energy restriction over long periods to induce weight loss
may impose feelings of stress or affect QOL [28,47]. Many studies included in this meta-analysis
required participants to consume very low-calorie diets which has been shown to decrease vigour and
increase tension [21,22,31]. In the trial by Tomiyama et al. [31], those who monitored and restricted
(received instructions on how to complete a daily food diary so they monitored their energy intake) or
monitored all their dietary intake (provided with all the food that they consumed over the course of
the study) reported an increase in perceived stress, whereas those participants who only restricted
their dietary intake reported no change in perceived stress [31]. The authors have suggested that
the continual monitoring of diet may have been irritating for the participants. However, despite the
potential negative effect that diet induced weight loss might have on an individual’s level of stress,
overall the current meta-analysis found that weight loss did not have a detrimental effect on the level
of psychological stress.

Conversely, we should also consider the possibility that involvement in a dietary intervention
might be having a positive impact on stress rather than the weight loss per se due to the additional
contact and support participants receive from research staff. In the study by Imayama et al. [32],
participants in the 12-month reduced calorie dietary weight loss group initially had individual sessions
with the dietitian and then met weekly with small groups. The study reported by Brinkworth et al.
also required participants to follow a 12-month weight loss study, which involved regular contact with
a dietitian [28]. It is possible that motivating research staff may have had a positive influence on the
participants’ moods and feelings of self-worth and self-confidence. It has been reported in weight loss
studies that mood improves after only a short period [48], which may be the result of additional social
support provided by researchers and participants taking control of their lifestyle and dietary habits.
Nevertheless, in the current meta-analysis, we observed no overall change in self-reported stress levels
measured by validated instruments.

In this meta-analysis, we included studies with weight loss that ranged from —0.9 kg [31] to
—20.5 kg [29]. The impact of weight loss might have a greater effect on stress in those with a higher
baseline BMI. There was a greater improvement in stress in the Brinkworth et al. study [28] which
recruited obese individuals compared to the Green et al. study [41] which recruited overweight
individuals. However, in the study by Wadden et al. [29], there was no effect on stress even with a
large average weight loss of 20.5 kg and baseline BMI in the obese range. Due to lack of available
data (difference in weight change between the groups), we were unable to conduct a meta-regression
to determine if there were an association between the change in body weight and change in stress.
However, the findings from this meta-analysis would appear to indicate that across a broad range of
weight loss from 0.9 to 20.5 kg, there is no impact on psychological stress.

It is also important to consider the duration of studies when interpreting the findings from this
meta-analysis. It is possible that there may be an optimal study duration which would result in an
improvement in stress. However, when we examined the five studies that reported significantly greater
weight loss in the intervention group compared to a control group that lost no weight, we found
that there was no effect of weight loss on stress with study durations ranging from 3 weeks to
12 months [31,32,41,44,45].

In this meta-analysis, we included studies that assessed stress using questionnaires that were
respondent-based, and with different theoretical underpinnings, for example emotional or cognitive,
as defined by Figueroa-Fankhanel (2016) [24]. This search only yielded ten studies that were eligible to
be included in this meta-analysis, with inclusion of three different measures of psychological stress.
Due to the varying measures and scales used to assess stress [24], standardized mean differences were
used in the analysis.

An important strength of this meta-analysis is that it only included RCTs. Furthermore,
low heterogeneity was noted indicating that the variation in the true effect size across studies is
low. However, only five of the ten studies were designed to specifically assess the effect of weight loss
on stress as the primary outcome [28,30-32,41]. There were a number of methodological flaws inherent
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in the studies that need to be highlighted. In a number of studies examined, stress was measured at
baseline and at the end of the study (for example 6 months or 12 months) [28-30,32], which does not
give an indication of the patterns of change in stress throughout the intervention. There may have been
improvements in stress in the early part of the intervention that were not detected in some studies [29].

5. Conclusions

This systematic review and meta-analysis of randomized controlled clinical trials showed that
weight loss induced by dietary restriction in adult overweight and obese men and women does
not have a beneficial or detrimental effect on self-reported psychological stress. However, further
randomized controlled trials with robust methods measuring stress, utilising solely a dietary approach
with sufficient sample sizes and study durations which result in significant weight loss would be
required before we can draw any final conclusions about the effect of weight loss on stress. It is
recommended that stress is measured at a number of time points throughout an intervention, to give a
more accurate representation of the pattern of changes over time.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/2072-6643/10/5/613/s1,
Figure Sla—-d, Funnel plots displaying standard mean difference and standard error (SE) for the effect of weight
loss on stress.
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