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Background and Aim. There is a need to investigate the long-term impact of successful weight loss maintenance on blood lipids and
glucose concentrations in populations within Africa, where obesity and cardiovascular disease (CVD) rates are increasingly becoming
a public health threat. The aim of this study was to compare the serum lipid and glucose concentrations of successful and unsuccessful
weight loss maintainers who previously participated in the Nutriline Weight Loss Programme (NWLP) in Accra, Ghana. Methods. 112
participants were randomly selected to participate in this cross-sectional study. Baseline and end of weight loss programme an-
thropometric and programmatic data were accessed via the NWLP archival database. On follow-up, anthropometric data, physical
activity, dietary behaviour, serum lipid, and glucose indices were taken. Successful weight loss maintainers (SWLM) were defined as
those achieving at least 5% weight loss below the baseline weight at follow-up, otherwise unsuccessful (UWLM). Results. The adjusted
serum total cholesterol (TC) concentration was significantly lower for SWLM (5.17£0.99 mmol/L) compared to UWLM
(5.59 £ 1.06 mmol/L). Serum low-density lipoprotein (LDL), high-density lipoprotein (HDL), fasting blood glucose (FBG), and
glycosylated haemoglobin (HbAlc) concentrations for SWLM versus UWLM did not differ significantly and were as follows:
3.58 + 0.92 mmol/L versus 3.87 +0.99 mmol/L, 1.22 +0.38 mmol/L versus 1.17 +0.32 mmol/L, 4.48 +0.72 mmol/L versus 4.73 +
1.00 mmol/L, and 5.52 + 0.39% versus 5.59 + 0.59%, respectively. Triglyceride (TG) concentration was significantly (P < 0.001) lower
for SWLM (0.79 + 0.28 mmol/L) compared to UWLM (1.17 £ 0.51 mmol/L). After adjusting for covariates, it was no longer significant.
Additionally, there was no significant association between weight loss maintenance success and having a normal status for selected
lipids and glucose parameters. Conclusion. SWLM had a significantly lower serum TC compared to UWLM. In addition, a greater
proportion of SWLM had normal values for TC, TG, HbAlc, and LDL out of the six parameters measured although not
statistically significant.

1. Introduction

Cardiovascular diseases (CVDs) refer to diseases of the heart
and blood vessels and are the leading cause of mortality
worldwide, responsible for 17.9 million deaths yearly which
represents a third of all global deaths [1]. More than 75% of
CVD deaths occur in low- and middle-income countries [1].
In Sub-Saharan Africa, 9.2% of deaths are attributable to CVD
which is the leading cause of death in adults over 45 years of

age [2]. In Ghana, CVDs were the leading cause of in-
stitutional mortality and accounted for 14.5% of total deaths
in 2008 [3]. The World Health Organization estimated the
probability of dying from four major noncommunicable
diseases (CVD, cancer, diabetes, and chronic respiratory
disease) in Ghana for persons within the age of 30-70 years to
be 20% [4]. Cardiovascular diseases such as stroke and
coronary heart disease ranked first and second, respectively,
in the top 50 causes of death in Ghana in 2018 [5].
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Studies indicate that excess body weight is linked to the
development of conditions such as dyslipidaemia and elevated
blood glucose concentration (type 2 diabetes) which increase
the risk for CVDs [6-10]. Obesity prevalence is speedily in-
creasing in Africa and other developing countries compared to
the developed world where the rate of increase seems to have
generally slowed down [11-13]. In Ghana, past demographic
health surveys (1993-2014) have shown consistent increases in
the proportion of overweight/obese women (15-49 years)
ranging from 13% to 40% [14-17]. The current prevalence of
obesity in Ghanaian adults is estimated at 43% [18].

Intentional weight loss of at least 5% below baseline
weight results in favourable changes in various health pa-
rameters such as serum lipids and glucose concentrations,
contributing to a reduction in the risk for CVDs [19-21]. The
evidence supporting the health benefits of intentional weight
loss is however often limited to studies investigating the
benefits just before or at the end of the weight loss in-
tervention [19, 22-25]. Additionally, most of the studies
investigating the sustained health benefits derived from in-
tentional weight loss are usually short-term studies of up to
two years post weight loss intervention [26-29]. The “Look
AHEAD?” study is one of the few studies that investigated the
sustained health benefits of lifestyle intervention over a longer
period (4 years), and this was done in a diabetic population
[30]. Diabetics constitute a group that may have elevated
baseline concentrations of biochemical parameters such as
serum glucose and lipids, thus enhancing the likelihood of
greater improvements in these parameters following in-
tentional weight loss [19, 21]. Furthermore, most of the
studies investigating either the immediate or long-term effects
of weight loss on CVD risk have done so in populations living
in the developed world. There is therefore the need to in-
vestigate the long-term impact of successful weight loss
maintenance on blood lipids and blood glucose concentra-
tions in populations within Africa, where obesity and CVD
rates are increasingly becoming a public health threat.

2. Materials and Methods

The aim of this study was to compare the serum lipid and
glucose concentrations of nondiabetic successful and un-
successful weight loss maintainers who previously partici-
pated in a weight loss programme in Accra, Ghana.

2.1. Study Design. A cross-sectional design was used to de-
termine anthropometric data, physical activity, dietary
behaviour. serum lipids, and glucose indices at follow-up.
Baseline and end of programme anthropometric and
programmatic data were accessed via the NWLP archival
database.

2.2. Nutriline Weight Loss Programme (NWLP). NWLP is a
fee-paying programme run by nutrition professionals. It
uses structured and personalised diet plans that supply
1000-1900 calories per day, depending on individual energy
needs. Diet plans are combined with behavioural therapy to
achieve weight loss targets ranging from 0.5kg to 1kg per
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week. Participants are encouraged to engage in regular
physical activity and are required to visit the weight loss centre
once every week for a face-to-face encounter with the nu-
trition professional on duty. During the weekly visits, barriers
to weight loss and coping strategies are discussed. At the time
of enrolment, the participant chooses a particular programme
duration (ranging from 2 to 6 months) based on professional
recommendation and cost considerations and is entitled to
programme renewal until weight loss goal is achieved.

2.3. Study Participants. Study participants completed their
first bout of NWLP between the years 2008 and 2016. Out of
550 randomly selected previous NWLP members, 230
members agreed to participate in a larger study on the
prevalence of weight loss maintenance success (details and
results of the larger study was excluded from this report). We
turther randomly sub-sampled 112 participants out of the
230 participants for biochemical tests. The randomisation
scheme was based on stratification by the year of enrolment
as this had a direct bearing on post-treatment time, which
had been identified as an independent predictor of weight
maintenance success [31]. The sub-sample size used was
based on calculations using the standard deviation for a
serum total cholesterol of 1.26 mmol/L [32], a margin of
error of 5% of the mean for total cholesterol concentration
(4.7 mmol/L), as determined by Amoah [32], at a 5% sig-
nificance level ( oc ), and a two-tailed critical value (Z,) of
1.96. Participants who had BMI>25 at the time of enrol-
ment were able to walk for exercise (self-reported) and were
medically fit (self-reported). Participants were excluded
from the study if they were below 18 years of age at the time
of first enrolment into NWLP, resided outside Accra or
Ghana at the time of follow-up, had not completed the
NWLP first bout of weight loss at the time of follow-up, had
a time lapse from completion of first bout weight loss to the
follow-up period that was less than six months, had no
review visits to the NWLP centre after day one of the first
bout enrolment into the programme, got pregnant at any
time point during or after the first bout weight loss with
“NWLP”, and had any of the following conditions: diabetes,
thyroid disease, cancers, HIV, psychiatric illness, anorexia/
bulimia, major organ disease(s), or any other disease that
was capable of causing unintentional changes in body weight
during or after the initial weight loss programme.

2.4. Demographic Information, Anthropometric Data, and
NWLP Programmatic Measures. While in NWLP, members
had their baseline demographic information, weight and
height measurements taken on the first day of enrolment
into the programme. Subsequent weekly weights were
recorded until the end of programme. Dates of enrolment
and of each subsequent visit were recorded for each member.
Inputs of these data were made in an electronic database
from which computations such as baseline body mass index
(BMI), percent weight loss at the end of the weight loss
programme, length of stay on the programme, percent of
visits made, post-weight loss treatment time, and percent
weight regain from the end of programme weight were
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extracted for consenting participants of this current study.
Weight, height, and BMI measurements of consenting
participants were also taken at follow-up time, and the
percent weight loss at the follow-up period was calculated.

A calibrated Camry digital weighing scale (Camry
Electronic Limited, 4 Kang Le Road S., Zhaoqing, Guang-
dong, China, Model EF954, ISO 9001 certified) was used for
weight measurements. Standing height was measured using
a stadiometer (Health O Meter, 11800 South Austin Avenue
Unit B, Alsip, IL 60803, United States of America). Weights
were measured in kilograms to the nearest 0.1 kg and height
in centimetres to the nearest 0.1 cm. BMI was derived from
the following formula: weight in kilograms divided by the
square of height in metres. Participants were weighed in
their usual clothing and had no shoes on. The participants
with heavy clothes replaced them with light skirts given by
the centre. All heavy objects in the pockets of participants
were taken out prior to weighing.

2.5. Blood Biochemical Measures. This was done at the
follow-up period. Venous blood samples were drawn by a
certified phlebotomist after a 12-14 hour fast and analysed at
an accredited laboratory in Accra, Ghana, using standard
laboratory procedures. Selectra Pro S automated chemistry
analyser (manufactured by Elitech Clinical Systems SAS-
Zone industrielle-61500 SEES France) was used in de-
termining the total cholesterol (TC), high-density lipopro-
tein (HDL), and triglycerides (TG) concentrations [33, 34].
Low-density lipoprotein (LDL) concentration was calculated
from that of the total cholesterol, HDL, and TG, as shown in
the following equation:

LDL = total cholesterol — <g + HDL). (1)

Fasting blood glucose (FBG) concentrations of partici-
pants were determined using the Accu-Chek performa
glucometer and its test strips (manufactured by Roche Di-
abetes Care Incorporated, 9115 Hague Rd., Indianapolis, IN
46256, United States of America) [35]. The Clover Alc Self
system (Infopia Co. Ltd., 132, Anyangcheondong-ro,
Dongan-gu, Anyang-si, Gyeonggi-do, 14040, Korea) was
used to determine the percentage of glycosylated haemo-
globin (HbA1lc) in whole blood samples of participants via
the boronate affinity assay [36]. Normal blood lipids and
glucose values were defined as follows: TC, <5.2 mmol/L;
LDL, £2.59 mmol/L; HDL, >1.03 mmol/L; TG, <1.7 mmol/L;
FBG, 3.6-6.4 mmol/L; HbAlc, <6.0%.

2.6. Post-Weight Loss Physical Activity and Dietary Behaviour
Measures. This was done at the follow-up period. Using an
interviewer-administered semi-structured questionnaire,
participants were asked to estimate the number of days in a
typical week of the past month that they accumulated at least
30 minutes moderate activity or 15minutes vigorous ac-
tivity. The World Health Organization’s definition and ex-
amples of moderate and vigorous activity [37] were read to
participants. Participants identified the type, duration, and

number of days per week for each activity engaged in. These
were further analysed into the respective total minutes of
moderate-or-vigorous activity per week and the total
moderate-to-vigorous physical activity [38]. Total moderate
to vigorous activity duration/week was calculated by adding
minutes per week for moderate and vigorous activities. Total
moderate-to-vigorous activity was further categorised as
none, 1-149 minutes, 150-419 minutes, and > 420 minutes.

Participants were asked if they were practising certain
diet-based behavioural strategies: limiting or avoiding fats and
oils, limiting food portions at meal time, limiting or avoiding
out-of-home eating, and having at least five servings of fruits
and vegetables per day (a portion of fruit was defined to be
halfa cup, and sample cup (240 ml volume) was shown to the
participant during the interview). Responses were coded as
yes or no, depending on whether the participant endorsed the
behaviour or not. To objectively assess whether a behaviour
was being limited or avoided, participants were asked a
probing question on how often that behaviour was practised
and had the following options to choose from >once per day/
2-6 times per week/once per week/less than once per week/
never. Limiting a behaviour was defined as engaging in that
behaviour less than once per week, and avoiding a behaviour
was defined as never engaging in that behaviour. Fats or oil
limiting or avoidance behaviour was assessed based on how
often selected high fat/oily foods were eaten. These selected
high fat/oil foods were those that were listed as foods to be
limited or avoided when participants were on the weight loss
programme. Limiting of food portions at meal times was
based on participant’s self-assessment of whether food por-
tions at meal times were controlled.

2.7. Definitions of Outcome Measures

2.7.1. Change in Body Mass Index (BMI) from Baseline to
Survey Time. This was calculated by subtracting BMI at
survey time from BMI at baseline. A negative BMI change
indicated a decreased BMI at survey time, while a positive
BMI change indicated an increased BMI at survey time in
reference to baseline BMI.

2.7.2. Post-Weight Loss Treatment Time. This is the time
lapse (in months) from the date of participant’s last review
visit during the weight loss intervention to the date the
survey was conducted for each participant.

2.7.3. Percent Weight Loss at the End of Weight Loss
Programme. This was calculated by dividing weight loss
achieved at the end of the weight loss programme by the
baseline weight and multiplying by 100. A negative value
indicated weight loss occurred at the end of the weight loss
programme, while a positive value meant weight gain at the
end of the weight loss programme.

2.7.4. Percent Weight Loss at Follow-Up Time. This was
calculated by dividing weight loss achieved at the survey
time by the baseline weight and multiplying by 100. A



negative value indicated weight loss occurred at follow-up,
while a positive value meant weight gain at follow-up.
Weight loss at follow-up was calculated using baseline
weight as the reference.

2.7.5. Percent Weight Regained. This was calculated by
subtracting weight at the follow-up time from the weight at
the end of the weight loss programme. The resultant figure
was divided by the weight at the end of the weight loss
programme and multiplied by 100. A negative figure meant
the weight loss occurred within this period, while a positive
figure implied weight was regained.

2.8. Data Analyses. Statistical analyses were conducted using
IBM SPSS Statistics for Windows, version 20, Armonk, NY:
IBM Corp. Normality of data was assessed using histograms
and Shapiro-WilKk’s test, where P >0.05 confirmed the
normality of data. Descriptive statistics (mean (SD)) were
used to characterise continuous variables that were normally
distributed, while the median and interquartile range (IQR)
were used for non-parametric data. Frequencies and per-
centages were used to characterise variables that were cate-
gorical in nature. Successful weight loss maintainers (SWLM)
were defined as those achieving at least 5% weight loss below
the baseline weight at the follow-up period. Unsuccessful
weight loss maintainers (UWLM) were defined as those
achieving less than 5% weight loss below the baseline weight
at the follow-up period (this included those who had
regressed to the baseline weight or had further regained
beyond the baseline weight at the time of follow-up).
Comparisons of SWLM and UWLM were conducted
using analysis of covariance (ANCOVA) for normally dis-
tributed continuous variables, Mann-Whitney U-test for
non-parametric continuous variables, and Pearson’s chi-
square analyses for categorical variables. Fisher’s exact test
was used in place of Pearson’s chi-square test where the
participant-expected number in a particular sub-group
analysis was less than five. Covariates used in the ANCOVA
models were total percent weight loss at the end of weight loss
treatment (continuous variable), post-weight loss treatment
time (in months) (continuous variable), percent weight regain
with reference to end of programme weight (continuous
variable), presence of hypercholesterolemia (categorical var-
iable), intake of lipid-lowering medication (categorical vari-
able), gender (categorical variable), age (continuous variable),
and follow-up BMI (continuous variable) [19, 26, 31, 39].

3. Results

Majority of participants were female (85.7%) and had had a
tertiary education (90.2%). More than half (73.2%) were
married. The mean baseline age, weight, height, and body
mass index (BMI) of participants were 39.7+9.0years,
952+14.9kg, 1.64+0.07m, and 35.4+51kg/m? respec-
tively. The mean post-treatment time was 55.0 + 32.9 months
(roughly 4.5 years and ranged from 6 to 110 months) for the
entire cohort. SWLM and UWLM did not differ significantly
in baseline weight, height, and BMI. Similarly, SWLM and
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UWLM did not differ in gender status, baseline marital status,
and educational status. SWLM were however 3.6 years older
in age (P = 0.036) compared to UWLM (Table 1).

On follow-up of SWLM and UWLM, each had BMI
(31.6 + 4.5 kg/m” versus 36.2 + 6.0 kg/m?, respectively) in the
obese range and these were not significantly different from
each other. SWLM, however, had a significantly greater re-
duction in BMI from the baseline to follow-up compared to
UWLM who increased in BMI within the same period (—4.9 +
2.4kg/m” versus 1.1+ 1.9kg/m? respectively, P <0.001) (Ta-
ble 2). SWLM experienced a significantly higher percentage
weight loss at the end of the weight loss programme compared
to UWLM (-14.4+6.9% versus —5.5+4.4%, respectively,
P <0.001). At the survey time, SWLM achieved a mean per-
centage weight loss of —13.3 + 6.2%, while UWLM had a mean
percentage weight gain of 3.0 + 5.0% (P < 0.001), with reference
to the baseline weight. The median percentage weight regain for
UWLM was 7.9% (P < 0.001) higher than that of SWLM. The
median minutes of physical activity accumulated per week for
SWLM and UWLM were each below what was regarded as
sufficient (Table 2).

A greater proportion of both SWLM and UWLM was
neither participating in nor accumulating sufficient minutes
per week of moderate-to-vigorous intensity physical activity
(Figure 1).

The adjusted mean concentration of TC was significantly
lower for SWLM compared to UWLM (5.17 + 0.99 mmol/L
versus 5.59 + 1.06 mmol/L, respectively, P =0.043). This
happened only when intake of lipid-lowering medication
was added to the list of covariates. We observed that 10% of
UWLM versus 3% of SWLM making a total of 13% of the
entire cohort used lipid-lowering medication at follow-up.
The mean concentrations of LDL, HDL, FBG, and HbAlc
did not differ significantly between SWLM versus UWLM
in both the adjusted and unadjusted models and were as
follows: 3.58 + 0.92 mmol/L versus 3.87 + 0.99 mmol/L, 1.22 +
0.38 mmol/L versus 1.17+0.32mmol/L, 4.48 +£0.72 mmol/L
versus 4.73 +1.00mmol/L, and 5.52+0.39% versus 5.59 +
0.59%, respectively. TG concentration was significantly
(P <0.001) lower for SWLM (0.79 + 0.28 mmol/L) compared
to UWLM (1.17£0.51 mmol/L) in the unadjusted model
(Model 1) and no longer significant after adjusting for
covariates in Model 2 (Table 3).

Multiple linear regression analysis of the covariates on
triglyceride concentration revealed that the total percent
weight loss at the end of the programme, post-treatment
time, gender, and follow-up BMI were responsible for the
differences in triglyceride concentration for SWLM and
UWLM observed in the unadjusted model. Every unit re-
duction in percent weight loss and every unit increase in
post-treatment time and follow-up BMI were responsible for
0.19, 0.20, and 0.31 unit increases, respectively, in tri-
glyceride concentration. On the contrary, every replacement
of a male with a female caused a 0.27 unit reduction in
triglyceride concentration (Table 4).

There was no significant association between weight loss
maintenance success and having a normal status for selected
lipid and glucose parameters. There was however a trend of
having a higher proportion of SWLM compared to UWLM
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TaBLE 1: Baseline anthropometric and demographic characteristics of successful and unsuccessful weight loss maintainers.

Variable SWLM (n = 26) UWLM (n = 86) Significance
Age (mean + SD) 424+11.2 38.8+8.2 0.0367
Baseline weight (mean + SD) 98.3+12.4 94.2+15.5 NS
Baseline height (mean + SD) 1.64 +0.08 1.64 +0.06 NS
Baseline BMI (mean + SD) 36.4+4.6 351452 NS
Gender, n (%)

Male 4 (15.4) 12 (14.0) Ns®
Marital status, n (%)

Not married 6 (23.1) 24 (27.9) NSt

Married 20 (76.9) 62 (72.1)
Educational status, 7 (%)

Below tertiary 1(3.8) 10 (11.6) NP

Tertiary and above 25 (96.2) 76 (88.4)

SWLM = successful weight loss maintainers; UWLM = unsuccessful weight loss maintainers; NS = not significant. ¥Comparison of successful and un-
successful weight loss maintainers based on ANCOVA; fcomparison of successful and unsuccessful weight loss maintainers based on the chi-square test;
®comparison of successful and unsuccessful weight loss maintainers based on Fisher’s exact test. Covariates controlled for in the ANCOV A model were total
percent weight loss at the end of weight loss treatment and post-weight loss treatment time.

TaBLE 2: Comparison of successful and unsuccessful weight loss maintainers on key weight variables, post-treatment time, and physical
activity.

Mean +SD (95% confidence interval)

Variable Significance
SWLM (1 = 26) UWLM (1 = 86)

S;;‘Qge in BMI from baseline to follow-up time (Kg/ ~49+24 [-59 to —3.9] 1.1+1.9 [0.7 to 1.49)] <0.001

% weight loss at the end of weight loss programme" -14.4+6.9 [-17.2 to —11.6] —5.5+4.4 [-6.5 to —4.6] <0.001

% weight loss achieved at follow-up time® -13.3+6.2 [-15.8 to —10.8] 3.0+5.0 [1.9 to 4.1] <0.001
Post-treatment time (months)T 45.2 +37.5 [37.9 to 55.2] 58.0 +31.1 [53.7 to 63.3] NS

% weight regained median (IQR) (%) 1.2 [-4.3 to 7.6] 9.1 [5.0 to 12.5] <0.001
Minutes/week of total physical activity median (IQR) 130 [30 to 210] 100 [0 to 210] NS

(minutes)A

SWLM = successful weight loss maintainers; UWLM = unsuccessful weight loss maintainers; NS = not significant. Negative sign depicts a decrease in weight,
BML, or percent weight. ®“Comparison of successful and unsuccessful maintainers based on ANCOV A with model adjusted for total percent weight loss at the
end of weight loss treatment and post-weight loss treatment time; comparison of successful and unsuccessful maintainers based on ANCOVA with model
adjusted for only post-treatment time; Jcomparison of successful and unsuccessful maintainers based on ANCOVA with model adjusted for only percent
weight loss at the end of weight loss programme; “comparison of successful and unsuccessful maintainers based on Mann-Whitney U test.

70 s of-home eating. More .than half of the cohqrt was not having
60 530 : the recommended fruit and vegetable servings per day.

o 50 46.1

%" 2 37.2 4. Discussion

E jg The objective of the study was to compare the serum lipids
0 and glucose concentrations for successful and unsuccesstul

weight loss maintainers. Total cholesterol was slightly but

0 SWLM UWLM significantly lower in SWLM compared to UWLM after

adjusting for lipid-lowering medication usage. This suggests
that prior to making this adjustment, the greater use of lipid-
lowering medication in UWLM may have led to the lack of
significant difference in total cholesterol concentration be-
tween SWLM and UWLM. The use of medications (statins)
to control lipids was reported to be a potential confounder
that significantly modified the association between weight
loss and changes in CVD risk factors in the “Look AHEAD”

None or insufficient minutes per week
2150 minutes per week

FIGURE 1: Proportion of SWLM and UWLM engaging in moderate-
to-vigorous physical activity (observation was not statistically
significant).

with normal values for four (TC, TG, HbAlc, and LDL) out

of the six parameters assessed (Table 5).

Table 6 shows the prevalence of selected dietary behav-
iours practised after the weight loss programme. A signifi-
cantly higher proportion of SWLM limited food portions
compared to UWLM. Majority of the entire cohort were
neither limiting fats and oil intake in meals nor limiting out-

studies [30, 40]. Statins are known to inhibit the activity of
HMG CoA reductase and thereby reduce hepatic cholesterol
synthesis and upregulate the expression of LDL receptors in
the liver. LDL receptors in turn increase the clearance of
plasma LDL and thus decrease the concentration of plasma
cholesterol [41, 42].
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TaBLE 3: Comparison of successful and unsuccessful weight loss maintainers on fasting blood lipids, fasting blood glucose, and glycosylated
haemoglobin concentrations.

Variabl Mean + SD (95% confidence interval) P value
ariable

SWLM (n = 26) UWLM (n = 86) Model 1 Model 2
Total cholesterol (mmol/L) 5.16+0.99 [4.76-5.57] 5.59 +1.06 [5.37-5.82] 0.067 0.043M
Low density lipoprotein (LDL) (mmol/L) 3.58 £0.92 [3.22-3.96] 3.87+£0.99 [3.66-4.08] 0.199 0.104*
High density lipoprotein (HDL) (mmol/L) 1.22+0.38 [1.07-1.37] 1.17 £0.32 [1.10-1.24] 0.512 0.365"
Triglycerides (mmol/L) 0.79+0.28 [0.68-0.91] 1.17+0.51 [1.06-1.28] <0.001* 0.147%
Fasting blood glucose (FBG) (mmol/L) 4.48 +0.72 [4.19-4.78] 4.73+1.00 [4.52-4.95] 0.245 0.5577
HbAlc (%) 5.52+0.39 [5.36-5.68] 5.59+0.59 [5.47-5.72] 0.555 0.4117

SWLM = successful weight loss maintainers; UWLM = unsuccessful weight loss maintainers. Comparison of successful and unsuccessful maintainers is based
on ANCOVA: Model 1, unadjusted model; Model 2, adjusted model. *Adjusted for total percent weight loss and post-treatment time and having hy-
percholesterolemia (categorical variable), cholesterol-lowering medication status (categorical variable), and total percent regain based on survey time, age,
gender, and follow-up BMI; Yadjusted for total percent weight loss and post-treatment time and having hypercholesterolemia (categorical variable) and total

percent regain based on survey time, age, gender, and follow-up BMI; *significant P value.

TaBLE 4: Standardised coeflicient of covariates with regard to
triglyceride concentration'.

TaBLE 6: The proportion of participants practising selected dietary
behaviours.

Standardised P

Covariates coefficients t !
(beta) value

Peljcent weight loss at end of 0.192 2013 0.047*
weight loss programme
Rercent weight regained at survey 0.004 0.034 0973
time
Post-treatment time 0.202 2195 0.031"
Presence of hypercholesterolemia 0.082 0.947  0.346
Intake qf cholesterol-lowering 0.049 0550  0.584
medication
Age 0.021 0.235 0.815
Gender -0.270 -3.144 0.002"
Follow-up BMI 0.307 3.083 0.003"

"Based on a multiple linear regression model; *significant P value.

TaBLE 5: Proportion of successful and unsuccessful weight loss
maintainers achieving normal concentrations of serum lipids and
glucose.

SWLM UWLM P
Variable (n=26) (n=286) !

% (n) % (1) value
Total cholesterol (<5.17 mmol/L) 53.8 (14) 36.0 (31) 0.105"
LDL (<2.59 mmol/L) 115(3) 81(7) 0.6957
HDL (>1.03 mmol/L) 57.7 (11)  60.5 (34) 0.800
Triglyceride (<1.7 mmol/L) 100.0 (26) 87.2 (75) 0.055"
FBG (3.6-6.4 mmol/L) 88.5 (23) 91.9 (79) 0.462"
HbAlc (<6.0%) 92.3 (24) 84.9 (73) 0.590"

SWLM = successful weight loss maintainers; UWLM = unsuccessful weight
loss maintainers. 'Comparison of SWLM and UWLM based on Pearson’s
chi-square test; Jcomparison of SWLM and UWLM based on Fisher’s exact
test.

No significant differences were however observed with
the concentrations of LDL, HDL, FBG, and HbAlc for
SWLM versus UWLM in both the adjusted and unadjusted
models. Secondary analysis of female stratified data followed
a similar trend of no significant difference in mean con-
centrations of lipids and glucose for SWLM and UWLM
(results not shown). Additionally, secondary analysis using
binary logistic regression for the entire cohort data did not

Prdre - swim uwim
Variable (n=26) (n=286)
(n=112) % (1) % (1) value
% (n) ’ ?
Not limiting fats/oils 76.8 (86) 73.1 (19) 77.9 (67) 0.609
Not limiting out-of-
home eating 73.2 (82) 65.5 (17) 75.6 (65) 0.304
Not eating five servings
of fruits and vegetables  54.5 (61) 16.4 (10) 83.6 (51) 0.062
per day
Limiting food portionat 5 55y 109 (26) 68.6 (59) 0.001
meal time

SWLM = successful weight loss maintainers; UWLM = unsuccessful weight
loss maintainers. Comparison of SWLM and UWLM is based on Pearson’s
chi-square test.

reveal any significant associations between the blood pa-
rameters and successful weight loss maintenance (results not
shown). These findings together could be partly explained by
the fact that the entire cohort used for the study was het-
erogeneous in nature (and not an exclusively high-risk group
at risk for conditions such as diabetes, metabolic syndrome
which have the likelihood of elevating blood lipids and/or
glucose concentrations). Such a heterogeneous group may
have had nonelevated mean baseline serum lipid and glucose
values, and therefore, the likely improvements in mean
serum lipids and glucose concentrations of SWLM may not
have been significant to bring about a significant difference
between the two groups (SWLM versus UWLM). In a study
by Brown and colleagues, greater improvements were seen
in a select group of high-risk participants who had higher
baseline values of cardiometabolic risk factors compared to
the general heterogeneous group [21]. Wadden et al. and
colleagues [43] also demonstrated that sustained weight loss
of >5% below baseline did not result in significant im-
provements of lipids in participants who at baseline had
normal blood levels of total cholesterol (<5.17 mmol/L).
Improvements in cardiometabolic risk factors appeared
highest just after weight loss and up to one-year post-weight
loss and progressively decreased over the subsequent years
in the “Look AHEAD” study [30]. Some other studies from
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other populations have shown that the benefits derived from
weight loss are not visible in the long term with or without
larger percent weight losses occurring in the long term
[43, 44]. In a ten-year study on the effect of lifestyle in-
tervention on CVD outcomes [40], glycosylated haemo-
globin concentrations improved most favourably during
weight loss and in the first year after weight loss and
regressed to baseline values. In line with this, it could be
explained that although improvements in lipids and glucose
profile of SWLM may have occurred just after the weight loss
intervention, these may have reversed to baseline levels at
the survey time which reflected a mean period of 6 months to
9years after weight loss treatment (mean of which was
4.5years). It is important to invest in studies that enhance
the understanding of the long-term metabolism of lipids and
glucose.

It has been demonstrated that higher losses usually >10%
weight loss give the greatest improvement in cardiometabolic
risk factors compared to smaller losses [19, 21]. Additionally,
it has been observed that participants who have losses greater
than 2% but lower than 5% also experience significant im-
provement in one cardiometabolic risk factor or the other
[19, 21]. We therefore further categorised the percent weight
loss achieved at follow-up in this study into as follows: <1.9%
loss; 2.0-4.9% loss; 5-9.9% loss; >10% loss. Contrary to earlier
findings by Brown and colleagues and Wing and colleagues,
none of these categories showed a significant association with
the blood parameters assessed (results not shown). This could
be partly explained by the fact that these earlier studies ex-
amined the impact of short-term weight loss categories on
lipid and glucose parameters, while we examined the impact
of long term but similar weight loss categories on the same
parameters. As mentioned earlier, the long-term effects of
weight loss on cardiometabolic risk factors are usually not
visible due to regression of these parameters to baseline levels
[40, 43, 44].

In addition to the above explanations, the lack of sig-
nificant difference in HDL readings for SWLM and UWLM
could partly be attributed to the fact that a larger proportion
of both SWLM and UWLM were either not involved in any
form of physical activity or did not accumulate sufficient
minutes of total activity per week. Augmented physical
activity is known to effectively increase plasma HDL con-
centration [45-47]. Furthermore, HDL concentration was
significantly increased when dieting was complimented by
exercise compared to dieting alone [48]. Physical activity is
known to stimulate the production of ATP binding cassette
transporter A1 (ABCA1) [47] which helps with the transfer
of phospholipids and cholesterol to apolipoprotein (apo)
acceptors such as apo A-1 and apoE, resulting in the for-
mation of pre-SHDL [49].

The lack of a significant difference observed in LDL
concentration for SWLM and UWLM after controlling for
lipid-lowering medication usage could partly be attributed to
the type, dosage, and duration of intake of lipid-lowering
medication and individual differences in medication re-
sponse. In a study that reviewed the effectiveness of statins in
lowering LDL, use of a higher dose (80 mg) of atorvastatin was
more effective in lowering LDL cholesterol than using the

regular dose of 40 mg atorvastatin or 40 mg of pravastatin
[50]. Clinical studies typically evaluate the reduction in LDL
cholesterol after administering statins for a period not less
than 26 weeks and have recorded a significant improvement
within this length of time [51]. Responses as low as 5% re-
duction in LDL concentration following usage of statins have
been recorded. In some cases, some individuals have seen no
improvement in LDL concentration due to resistance to statin
treatment (familial hypercholesterolemia) [41].

By sheer ordering of mean concentrations of serum
parameters assessed however, SWLM had more favourable
values in LDL, HDL, FBG, and HbA1lc compared to UWLM.
It was also observed that, by sheer proportions, a greater
percentage of SWLM compared to UWLM in our study had
normal status for four major parameters (TC, TG, HbAlc,
and LDL), thus reducing the burden of exposure to elevated
levels of these parameters. We did not find studies that
compared successful and unsuccessful weight loss main-
tainers on how they fared in terms of the proportions having
normal values for these parameters. Brown and others however
compared the CVD risk factor normalization status for short-
term weight loss in the following categories: <5% weight loss;
5-10% weight loss; 10% weight loss in a sub-group of their
participants who had elevated baseline values [21]. The
prevalence of the normal FBG, TG, or HDL status in either
SWLM or UWLM in our study was higher than that
observed for each of the short-term weight loss categories
assessed in the study by Brown and colleagues [21]. The
lower prevalence reported for normal FBG, TG, and HDL
by Brown and others compared to that of this study could
be explained by the fact that their participants at baseline
had higher values of these parameters, and although
tavourable changes occurred in mean values with refer-
ence to baseline values, it did not translate into normal
values for a higher proportion of their participants. Brown
and colleagues, however, had a greater proportion
(50%-77.8%) of their high-risk group achieving normal
LDL status in the different categories of weight loss
assessed. In their study, the use of statins or other lipid-
lowering medications was not accounted for, and there-
fore, it is possible that usage of these medications in the
high-risk group may have contributed in part to the
lowering of LDL values in their participants [21]. The
“Look AHEAD?” study investigated the effect of long-term
weight loss (up to 4years) on CVD risk factors in par-
ticipants, given a lifestyle intervention of diet and physical
activity [30]. In their study, 61% of participants achieved
normal LDL values at four years. This was higher than that
observed for SWLM (11.5%) in our study. Again, par-
ticipants of the “Look AHEAD” study were on lipid-
lowering medications, and this may have partly con-
tributed to the higher proportions of participants having
normal LDL status [30]. It was observed that only 13% of
our study cohort used lipid-lowering medication, despite
the high LDL values recorded at follow-up. This calls for
increased education on the need to regularly check blood
lipid status and take medications to lower cholesterol
when values are high. Additionally, the low proportions of
SWLM in our study having normal LDL status is of



concern and suggests the need to further investigate the
association between other factors such as dietary intake
post-weight loss and LDL levels in successful weight loss
maintainers for possible influences.

It is worth noting that a number of the studies that found
a significant difference in CVD risk factors at weight
maintenance had formal dietary and other lifestyle in-
terventions continuing during the weight maintenance
phase for all participants [30, 52-54]. In our study, no formal
dietary intervention was given to participants after the
weight loss programme except for those who chose to re-
enrol at some stage after their initial “NWLP” weight loss
bout, either for another bout of weight loss (26% of the
cohort) or for weight loss maintenance (comprises 5.7% of
the cohort). This intervention-free fallow period was nec-
essary to ascertain how previous participants of the weight
loss programme fared when intervention ends and also
assess the importance they placed on their health post-in-
tervention. A formal weight maintenance intervention
however may improve compliance to the new diet and
physical activity behaviours espoused during the weight loss
programme and possibly make the impact of weight loss on
lipid and glucose parameters more pronounced sub-
sequently. The weight maintenance phase is typically
characterised by recidivism in dietary and physical activity
habits as revealed by the high prevalence of weight regain
during this period [53, 55]. Wadden and colleagues [43] gave
dietary and physical activity interventions for weight loss
from day one till the forty-eighth week and thereafter left
participants on their own with no weight loss maintenance
or dietary intervention till week 100. Their findings in the
sub-group with normal baseline total cholesterol
(<5.17mmol/L) were similar to that of this study where
long-term maintenance of >5% weight loss did not show
significant beneficial effects on blood parameter measure-
ments at the maintenance phase.

The macronutrient composition of the diet has been
shown to have some effect on lipid status. For instance, a
low-fat diet (30% fat, 55% carbohydrate, and 15% protein)
decreased LDL levels more favourably than a low-
carbohydrate diet (20g/day of carbohydrates with un-
limited amounts of fat and protein), while the low carbo-
hydrate diet decreased TG levels more favourably than the
low-fat diet [56]. Under ad libitum conditions (unrestricted
energy intake), a low-fat high-protein diet was found to
increase glucose concentrations, while a low-fat high-
carbohydrate diet increased triglyceride levels [57]. Low-
ering total fat intake and replacing saturated and trans fats
with poly/mono-unsaturated fatty acids alongside de-
creasing cholesterol intake significantly improved the blood
lipid profile in most individuals [58]. Foster and colleagues
demonstrated that the effects of these macronutrients on
blood lipid status was mostly short lived (3-6 months),
pointing to the fact that blood lipid status partly reflects
recent dietary intakes [56]. Although speculative, it is
possible that both SWLM and UWLM were not as aggressive
with dieting as they were during the weight loss phase and
may have modified dietary macronutrient ratios at follow-up
in ways that unfavourably regressed the improvements in
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lipid and glucose concentrations that may have been
achieved by SWLM. Although 100% SWLM compared to
68.6% of UWLM practised the strategy of limiting food
portions at meal times, this did not translate into a signif-
icantly greater proportion of SWLM having normal LDL
levels. The other diet behaviours practised after the weight
loss programme by majority of participants of this study
were frequent consumption of high-fat/oily foods, frequent
out-of-home eating, and consumption of less than five
servings of fruits and vegetables per day. These are con-
sidered unhealthy dietary practises that could have con-
tributed to the high proportions of participants (both SWLM
and UWLM) having elevated LDL levels in this study. These
findings further suggest that dietary fat restriction and the
choice of healthier fats may be more important in reducing
LDL and other lipid fractions in the body than just limiting
food portions at meal times (includes limiting portions of
atherogenic foods). The dietary behaviours reported in this
study agrees with findings of the RODAM study, where
urbanisation in Ghana had contributed to the westernisation
of urban diets with a focus on high fats and highly processed
foods [59]. Diets high in saturated fats increase blood levels
of total and LDL cholesterol [60]. Foods prepared out of
home are a source of high calories, sugar, salt, fats (high in
saturated fatty acids) and are low in fruits and vegetables
[61]. Adequate fruit and vegetable consumption can lower
blood pressure via the supply of potassium and modulate
cholesterol levels via the provision of flavonoids and other
antioxidants, resulting in an overall decrease in the risk for
CVDs [62]. The high prevalence of these unhealthy dietary
behaviours among people who have previously lost weight
calls for the urgent institutionalization of a weight loss
maintenance support programme that includes healthy meal
provision during the maintenance phase. This will enable
weight losers get easy access to healthy meals low in fat and
adequate in fruits and vegetables to partly contribute to the
sustenance of the health benefits derived from weight loss.
Although the choice of food remains the responsibility of the
consumer, healthy food choices cannot be made if they are
not available [61]. The enactment of nutrition policies and
regulations for out-of-home foods will make these foods
healthier, improve the food environment, and make it easier
for the consumer to make healthier food choices.

TG concentrations observed for SWLM and UWLM were
initially significantly different, however, after adjusting for the
covariates earlier mentioned, and it was observed (through a
linear regression analysis) that the differences were due to the
influence of total percent weight loss at the end of weight loss
programme, post-treatment time, gender, and follow-up BMI.
Triglycerides have been identified as one of the lipids that is
most sensitive to weight reduction [43], and this may explain
why higher weight losses during the weight loss programme
affected TG levels compared to the other lipid parameters
assessed. A longer post-treatment time allowed triglycerides
to rebound to baseline values in a systematic review in-
vestigating the impact of weight regain on cardiometabolic
risk factors [39]. This supports findings of this study, where
TG concentrations were significantly lower for SWLM who
had a shorter post-treatment time compared to UWLM. Our
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study demonstrated that replacing of a male with a female
favourably decreased triglyceride concentrations. This agrees
with documentation in literature which points to the fact that
women tend to have lower triglyceride concentrations due to
accelerated production and enhanced clearance of tri-
glycerides [63, 64]. In a study by Cugnetto and colleagues,
BMI was observed to be a significant predictor of triglyceride
concentration, and a unit increase in BMI was reported to
increase triglyceride concentration by 0.02 units [65]. In
another study, BMI was positively associated with triglyceride
concentration [66]. These findings on BMI were consistent
with that of this study, where every unit increase in BMI at the
follow-up period resulted in 0.31 unit increase in TG con-
centration. Thus, despite the fact that SWLM were still obese
at follow-up, they having a lower BMI at follow-up compared
to UWLM partly contributed to the lower triglyceride con-
centration observed in SWLM.

The strength of this study resides in the fact that it reflects
results of free-living populations who previously lost weight
and is more typical of happenings in the real world compared
to that of randomised controlled clinical studies. To the best of
our knowledge, this is the first study comparing blood lipids
and glucose concentrations of successful and unsuccessful
weight loss maintainers in Ghana. Generalisation of this study
to diabetics who at baseline may have a higher risk for CVD is
unknown. The design of the study did not allow for blood
parameter measurements at baseline and at the period
marking the end of the weight loss intervention. This was a
deficiency that did not allow for the assessment of within and
intergroup (SWLM versus UWLM) short-term and long-term
changes in blood parameter concentrations, except for follow-
up intergroup comparison. This was necessary to lend a better
understanding of the short-term and long-term metabolism of
lipids and glucose. Although we looked at long-term impact,
we used the average post-treatment time of 4.5 years and not
specific time-course categories covering the range of post-
treatment time observed in this study. A time-course as-
sessment could have better revealed the association between
specific time-course categories and the serum parameters
measured. This was however outside the scope of the current
study. Dietary intake at follow-up was not assessed. This would
have made it possible to estimate macronutrient and energy
intakes for successful and unsuccessful maintainers and link to
findings for blood parameters assessed for possible associa-
tions. Dietary behaviours that were self-reported by partici-
pants as being practised were however assessed in the study.

5. Conclusions

This study showed that SWLM compared to UWLM had a
significantly lower serum total cholesterol concentration.
Additionally, LDL, HDL, FBG, and HbAlc concentrations
were generally more favourable for SWLM compared to
UWLM in terms of the sheer ordering of the group means.
Furthermore, a greater proportion of SWLM had normal
values for TC, TG, HbAlc, and LDL out of the six pa-
rameters measured. These outcomes, however, did not
show a statistical significance. In spite of being successful at
weight loss maintenance, a lower proportion of SWLM had

normal LDL status compared to the proportions who had
normal status for the other blood parameters studied.
Weight loss maintenance success was associated with a
decrease in triglyceride concentrations through metabolic
processes connected with gender, post-treatment time, total
percent weight loss achieved at the end of weight loss
programme, and follow-up BMI status. Future studies must
assess the impact of both short-term and long-term weight
loss on serum lipids and glucose parameters which when
elevated or low in the case of HDL can increase CVD risk.
Studies investigating the association between post-weight
loss dietary intake and serum lipids/glucose parameters,
particularly LDL cholesterol, are warranted. Additionally,
the differences in CVD morbidity and mortality for SWLM
and UWLM are worth investigating prospectively.

Data Availability

Datasets analysed in the current study were used under
Nutriline license and so are not publicly available. Data are,
however, available from the corresponding author upon
reasonable request and with permission of Nutriline. Re-
quests for access to these data should be made to sayi-
si_addo@st.ug.edu.gh.

Ethical Approval

Ethical approval was granted by the Institutional Review
Board of the Noguchi Memorial Institute for Medical Re-
search (NMIMR), University of Ghana, Accra, Ghana (study
reference number: NMIMR-IRB CPN 004/16-17). Prior to
enrolment in the study, participants were informed that
participation in the study was voluntary and that
nonparticipation in the study was not in any way going to
affect them negatively, should they access NWLP Services in
the future. The principles of Helsinki Declaration 1979
(revised in 1983 and 1989) on human experimentation were
followed.

Consent

Informed consent was obtained by research assistants from
all participants prior to the study.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

MSA and SAA conceived the study’s aim. SAA performed
the statistical analysis for the study. All authors contributed
to the methodology, discussion, and conclusion of the
study and read and approved the final manuscript.

Acknowledgments

We wish to sincerely thank the participants of the study and
Reverend Dr. Thomas Ndanu for his invaluable technical
input. Our profound appreciation goes to Mr. Obed


mailto:sayisi_addo@st.ug.edu.gh
mailto:sayisi_addo@st.ug.edu.gh

10

Harrison, Miss Laureen Lomotey, Miss Grace Nmai, and
Miss Linda Fabea for their support.

References

[1] World Health Organization, “Cardiovascular disease,” July
2018, http://www.who.int/cardiovascular_diseases/en/.

[2] J.TJ. Livesay, “Cardiovascular diseases in Africa,” THI Journal,
vol. 34, pp. 6-7, 2007.

[3] Ghana Health Service, The Health Sector in Ghana: Facts and
Figures 2009, Ghana Health Service, Accra, Ghana, 2010.

[4] World Health Organization, “Global status report on non-
communicable diseases 2014,” January 2014, http://www.who.
int/nmh/countries/en/.

[5] World Life Expectancy, “World health rankings. Live longer
live better,” October 2018, http://www.worldlifeexpectancy.
com/country-health-profile/ghana.

[6] O. T. Hardy, M. P. Czech, and S. Corvera, “What causes the

insulin resistance underlying obesity?,” Current Opinion in

Endocrinology & Diabetes and Obesity, vol. 19, no. 2,

pp. 81-87, 2014.

E. Standl, “Aetiology and consequences of the metabolic

syndrome,” European Heart Journal Supplements, vol. 7,

pp. 10-13, 2018.

[8] L. Qi, X. Ding, W. Tang, Q. Li, D. Mao, and Y. Wang,
“Prevalence and risk factors associated with dyslipidemia in
Chonggqing, China,” International Journal of Environmental
Research and Public Health, vol. 12, no. 10, pp. 13455-13465,
2015.

[9] R. Roka, A. Michimi, and G. Macy, “Associations between

hypertension and body mass index and waist circumference in

U. S. adults: a comparative analysis by gender,” High Blood

Pressure ¢ Cardiovascular Prevention, vol. 22, no. 3,

pp. 265-273, 2015.

F. Vinciguerra, R. Baratta, M. G. Farina et al., “Very severely

obese patients have a high prevalence of type 2 diabetes

mellitus and cardiovascular disease,” Acta Diabetologica,

vol. 50, no. 3, pp. 443-449, 2013.

H. Yatsuya, Y. Li, E. H. Hilawe et al,, “Global trend in

overweight and obesity and its association with cardiovascular

disease incidence,” Circulation Journal, vol. 78, no. 12,

pp. 2807-2818, 2014.

L. Abarca-Gémez, Z. A. Abdeen, Z. A. Hamid et al.,

“Worldwide trends in Body Mass Index, underweight,

overweight, and obesity from 1975 to 2016: a pooled analysis

of 2416 population-based measurement studies in 1289

million children, adolescents, and adults,” Lancet, vol. 390,

no. 10113, pp. 2627-2642, 2017.

M. Ng, T. Fleming, M. Robinson et al., “Global, regional, and

national prevalence of overweight and obesity in children and

adults during 1980-2013: a systematic analysis for the global

burden of disease study 2013,” Lancet, vol. 384, no. 9945,

pp. 766-781, 2014.

Ghana Statistical service (GSS) and Macro International Inc

(MI), Ghana Demographic Health Survey 1993, GSS and MI,

Claverton, MD, USA, 1994.

Ghana Statistical Service (GSS) Ghana Health Service (GHS)

ICF Macro, Ghana Demographic and Health Survey 2008, GSS

GHS and ICF Macro, Claverton, MD, USA, 2009.

Ghana Statistical Service (GSS) Ghana Health Service (GHS)

ICF International, Ghana 2014 Demographic and Health

Survey, GSS GHS ICF International, Rockville, MD, USA,

2015.

[7

(10

(11

(12

[13

(14

[15

(16

Journal of Nutrition and Metabolism

[17] Ghana Statistical Service (GSS) Noguchi Memorial Institute

for Medical Research (NMIMR) ORC Macro, Ghana De-

mographic and Health Survey 2003, GSS and NMIMR and

ORC Macro, Claverton, MD, USA, 2004.

R. Ofori-Asenso, A. A. Agyeman, A. Laar, and D. Boateng,

“Overweight and obesity epidemic in Ghana—a systematic

review and meta-analysis,” BMC Public Health, vol. 16, no. 1,

p. 1239, 2016.

[19] R.R. Wing, W. Lang, T. A. Wadden et al., “Benefits of modest
weight loss in improving cardiovascular risk factors in
overweight and obese individuals with type 2 diabetes,” Di-
abetes Care, vol. 34, no. 7, pp. 1481-1486, 2011.

[20] E.S.Horton, C. Silberman, K. L. Davis, and R. Berria, “Weight
loss, glycemic control, and changes in cardiovascular bio-
markers in patients with type 2 diabetes receiving incretin
therapies or insulin in a large cohort database,” Diabetes Care,
vol. 33, no. 8, pp. 1759-1765, 2010.

[21] J. D. Brown, J. Buscemi, V. Milsom, R. Malcolm, and

P. M. O’Neil, “Effects on cardiovascular risk factors of weight

losses limited to 5-10%,” Translational Behavioral Medicine,

vol. 6, no. 3, pp. 339-346, 2016.

L. C. Tapsell, M. J. Batterham, R. L. Thorne, J. E. O’Shea,

S. J. Grafenauer, and Y. C. Probst, “Weight loss effects from

vegetable intake: a 12-month randomised controlled trial,”

European Journal of Clinical Nutrition, vol. 68, no. 7,

pp. 778-785, 2014.

[23] E.P.Weiss, S. G. Albert, D. N. Reeds et al., “Effects of matched

weight loss from calorie restriction, exercise, or both on

cardiovascular disease risk factors : a randomized intervention

trial,” The American Journal of Clinical Nutrition, vol. 104,

no. 3, pp. 576-586, 2016.

Diabetes Prevention Program Research Group, “Reduction in

the incidence of type 2 diabetes with lifestyle intervention or

metformin,” New England Journal of Medicine, vol. 346, no. 6,

pp. 393-403, 2002.

[25] R. F. Hamman, R. R. Wing, S. L. Edelstein et al., “Effect of
weight loss with lifestyle intervention on risk of diabetes,”
Diabetes Care, vol. 29, no. 9, pp. 2102-2107, 2006.

[26] D. P. Beavers, K. M. Beavers, M. F. Lyles, and B. ]J. Nicklas,
“Cardiometabolic risk after weight loss and subsequent weight
regain in overweight and obese postmenopausal women,” The
Journals of Gerontology Series A: Biological Sciences and
Medical Sciences, vol. 68, no. 6, pp. 691-698, 2013.

[27] M. S. Linna, P. Borg, K. Kukkonen-Harjula et al., “Successful
weight maintenance preserves lower levels of oxidized LDL
achieved by weight reduction in obese men,” International
Journal of Obesity, vol. 31, no. 2, pp. 245-253, 2007.

[28] F. M. Sacks, G. A. Bray, V. J. Carey et al., “Comparison of
weight-loss diets with different compositions of fat, protein,
and carbohydrates,” New England Journal of Medicine,
vol. 360, no. 9, pp. 859-873, 2009.

[29] T.R. Thomas, S. O. Warner, K. C. Dellsperger et al., “Exercise

and the metabolic syndrome with weight regain,” Journal of

Applied Physiology, vol. 109, no. 1, pp. 3-10, 2010.

The Look AHEAD Research Group, “Long term effects of a

lifestyle intervention on weight and cardiovascular risk factors

in individuals with type 2 diabetes: four year results of the look

ahead trial,” Archives of Internal Medicine, vol. 170, no. 17,

pp. 1566-1575, 2010.

[31] C. A. Befort, E. E. Stewart, B. K. Smith, C. A. Gibson,
D. K. Sullivan, and J. E. Donnelly, “Weight maintenance,
behaviors and barriers among previous participants of a
university-based weight control program,” International
Journal of Obesity, vol. 32, no. 3, pp. 519-526, 2008.

[18

(22

(24

[30


http://www.who.int/cardiovascular_diseases/en/
http://www.who.int/nmh/countries/en/
http://www.who.int/nmh/countries/en/
http://www.worldlifeexpectancy.com/country-health-profile/ghana
http://www.worldlifeexpectancy.com/country-health-profile/ghana

Journal of Nutrition and Metabolism

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

[46]

A. G. B. Amoah, “Undiagnosed diabetes and impaired glucose
regulation in adult Ghanaians using the ADA and WHO
diagnostic criteria,” Acta Diabetologica, vol. 39, no. 1, pp. 7-
13, 2002.

M. Emokpae and G. Nwagbara, “Serum creatine kinase-MB
isoenzyme activity among subjects with uncomplicated es-
sential hypertension: any sex differences,” Medical Sciences,
vol. 5, no. 2, p. 8, 2017.

T. Mizoguchi, T. Edano, and T. Koshi, “A method of direct
measurement for the enzymatic determination of cholesteryl
esters,” Journal of Lipid Research, vol. 45, no. 2, pp. 396-401,
2004.

G. Parmar, P. Chauhan, and A. Ullal, “Comparison of
glucometers used in hospitals and in outpatient settings with
the laboratory reference method in a tertiary care hospital in
Mumbeai,” Indian Journal of Endocrinology and Metabolism,
vol. 17, no. 9, p. 688, 2013.

K. S. Akinlade, S. K. Rahamon, V. F. Edem, O. M. Ige, and
O. G. Arinola, “Glycated haemoglobin levels in patients with
multidrug-resistant tuberculosis infection during 6 months of
treatment,” African Journal of Clinical and Experimental
Microbiology, vol. 17, no. 3, pp. 173-178, 2016.

World Health Organization, “Global strategy on diet,
physical activity and health-physical activity and adults,”
January 2018, http://www.who.int/dietphysicalactivity/factsheet_
adults/en/.

Office of Disease Prevention and Health Promotion, “Ap-
pendix 1. Translating scientific evidence about total amount
and intensity of physical activity into guidelines,” October
2018, https://health.gov/paguidelines/guidelines/appendix1.
aspx.

C. M. Kroeger, K. K. Hoddy, and K. A. Varady, “Impact of
weight regain on metabolic disease risk: a review of human
trials,” Journal of Obesity, vol. 2014, no. 1, Article ID 614519,
8 pages, 2014.

W. Alpert, “Cardiovascular effects of intensive lifestyle in-
tervention in type 2 diabetes,” New England Journal of
Medicine, vol. 369, no. 2, pp. 145-154, 2013.

K. R. Feingold and C. Grunfeld, “Cholesterol lowering
drugs,” in Endotext, US National Library of Medicine,
Bethesda, MD, USA, 2016, https://www.ncbi.nlm.nih.gov/
books/NBK395573/.

X. Sheng, L. Wei, M. J. Murphy, and T. M. MacDonald,
“Statins and total (not LDL) cholesterol concentration and
outcome of myocardial infarction: results from a meta-
analysis and an observational study,” European Journal of
Clinical Pharmacology, vol. 65, no. 11, pp. 1071-1080, 2009.
T. A. Wadden, D. A. Anderson, and G. D. Foster, “Two-year
changes in lipids and lipoproteins associated with the
maintenance of a 5% to 10% reduction in initial weight: some
findings and some questions,” Obesity Research, vol. 7, no. 2,
pp. 170-178, 1999.

L. Sjostrom, K. Narbro, C. D. Sjostrom et al.,, “Effects of
bariatric surgery on mortality in Swedish obese subjects,” New
England Journal of Medicine, vol. 357, no. 8, pp. 741-752,
2007.

N. Ahn and K. Kim, “High-density lipoprotein cholesterol
(HDL-C) in cardiovascular disease: effect of exercise train-
ing,” Integrative Medicine Research, vol. 5, no. 3, pp. 212-215,
2016.

L. F. Van Gaal, I. L. Mertens, and D. Ballaux, “What is the
relationship between risk factor reduction and degree of
weight loss?,” European Heart Journal Supplements, vol. 7,
pp. 21-26, 2005.

(47]

(48]

(49]

(50]
[51]

(52]

(53]

(54]

(55]

[56]

(57]

(58]

(59]

(60]

(61]

(62]

11

Y. Wang and D. Xu, “Effects of aerobic exercise on lipids and
lipoproteins,” Lipids in Health and Disease, vol. 16, no. 1,
pp. 1-8, 2017.

P. T. Williams, R. M. Krauss, M. L. Stefanick, K. M. Vranizan,
and P. D. Wood, “Effects of low-fat diet, calorie restriction,
and running on lipoprotein subfraction concentrations in
moderately overweight men,” Metabolism, vol. 43, no. 5,
pp. 655-663, 1994.

C. W. Joyce, M. J. a. Amar, G. Lambert et al., “The ATP
binding cassette transporter Al (ABCAl) modulates the
development of aortic atherosclerosis in C57BL/6 and apoE-
knockout mice,” Proceedings of the National Academy of
Sciences, vol. 99, no. 1, pp. 407-412, 2002.

C. M. Ballantyne, “Cholesterol, lipids, and statins,” Texas
Heart Institute Journal, vol. 32, no. 3, pp. 378-379, 2005.

S. Gupta, “LDL cholesterol, statins and PCSK 9 inhibitors,”
Indian Heart Jourrnal, vol. 67, no. 5, pp. 419-424, 2015.

L. M. Delahanty, Q. Pan, K. A. Jablonski et al., “Effects of
weight loss, weight cycling, and weight loss maintenance on
diabetes incidence and change in cardiometabolic traits in the
diabetes prevention program,” Diabetes Care, vol. 37, no. 10,
pp. 2738-2745, 2014.

T. Pekkarinen, J. Kaukua, and P. Mustajoki, “Long-term
weight maintenance after a 17-week weight loss in-
tervention with or without a one-year maintenance program:
a randomized controlled trial,” Journal of Obesity, vol. 2015,
Article ID 651460, 10 pages, 2015.

M. L. Vetter, T. A. Wadden, J. Chittams et al., “Effect of
lifestyle intervention on cardiometabolic risk factors: results
of the POWER-UP trial,” International Journal of Obesity,
vol. 37, no. 1, pp. 19-24, 2013.

T. A. Wadden, M. L. Butryn, and K. J. Byrne, “Efficacy of
lifestyle modification for long-term weight control,” Obesity
Research, vol. 12, no. 12, pp. 151-162, 2004.

G. D. Foster, H. R. Wyatt, J. O. Hill et al., “Weight and
metabolic outcomes after 2 years on a low-carbohydrate
versus low fat diet,” Annals of Internal Medicine, vol. 153,
no. 3, pp. 147-157, 2010.

M. Claessens, M. A. van Baak, S. Monsheimer, and
W. H. Saris, “The effect of a low-fat, high-protein or high-
carbohydrate ad libitum diet on weight loss maintenance and
metabolic risk factors,” International Journal of Obesity,
vol. 33, no. 3, pp. 296-304, 2009.

R. B. Kelly, “Diet and exercise in the management of hy-
perlipidemia,” American Family Physician, vol. 81, no. 9,
pp. 1097-1102, 2010.

C. Galbete, M. Nicolaou, K. A. Meeks et al., “Food con-
sumption, nutrient intake, and dietary patterns in Gha-
naian migrants in Europe and their compatriots in Ghana,”
Food & Nutrition Research, vol. 61, no. 1, article 1341809,
2017.

S. Chiu, P. T. Williams, and R. M. Krauss, “Effects of a very
high saturated fat diet on LDL particles in adults with ath-
erogenic dyslipidemia: a randomized controlled trial,” PloS
One, vol. 12, no. 2, Article ID e0170664, 2017.

D. A. Cohen and R. Bhatia, “Nutrition standards for away-
from-home foods in the USA,” Obesity Reviews, vol. 13, no. 7,
pp. 618-629, 2012.

World Health Organization, “Increasing fruit and vegetable
consumption to reduce the risk of noncommunicable dis-
eases,” November 2014, http://www.who.int/elena/titles/bbc/
fruit_vegetables_ncds/en/.


http://www.who.int/dietphysicalactivity/factsheet_adults/en/
http://www.who.int/dietphysicalactivity/factsheet_adults/en/
https://health.gov/paguidelines/guidelines/appendix1.aspx
https://health.gov/paguidelines/guidelines/appendix1.aspx
https://www.ncbi.nlm.nih.gov/books/NBK395573/
https://www.ncbi.nlm.nih.gov/books/NBK395573/
http://www.who.int/elena/titles/bbc/fruit_vegetables_ncds/en/
http://www.who.int/elena/titles/bbc/fruit_vegetables_ncds/en/

12

(63]

(64]

(65]

(66]

B. T. Palmisano, L. Zhu, R. H. Eckel, and J. M. Stafford, “Sex
differences in lipid and lipoprotein metabolism,” Molecular
Metabolism, vol. 15, pp. 45-55, 2018.

X. Wang, F. Magkos, and B. Mittendorfer, “Sex differences in
lipid and lipoprotein metabolism: it’s not just about sex
hormones,” The Journal of Clinical Endocrinology ¢ Meta-
bolism, vol. 96, no. 4, pp. 885-893, 2011.

M. L. Cugnetto, P. G. Saab, M. M. Llabre, R. Goldberg,
J. R. McCalla, and N. Schneiderman, “Lifestyle factors, body
mass index, and lipid profile in adolescents,” Journal of Pe-
diatric Psychology, vol. 33, no. 7, p. 108, 2007.

7. Makhoul, A. R. Kristal, R. Gulati et al., “Associations of
obesity with triglycerides and C-reactive protein are attenu-
ated in adults with high red blood cell eicosapentaenoic and
docosahexaenoic acids,” European Journal of Clinical Nutri-
tion, vol. 65, no. 7, pp. 808-817, 2012.

Journal of Nutrition and Metabolism



MEDIATORS
INFLAMMATION

The Scientific Gastroenterology bl B Journal of .
World Journal Research and Practice Diabetes Researc Disease Markers

International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
www.hindawi.com

BioMed
Research International

PPAR Research

Journal o.f
Obesity

Evidence-Based P
Stem Cells Complementary and N Journal of
International Alternative Medicine : Oncology

Journal of

Qphthalmology

Parkinson’s
Disease

Behavioural Al DS Oxidative Medicine and
NGUVO|Ogy Research and Treatment Cellular Longevity

Computational and
Mathematical Methods
in Medicine



https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

