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Abstract

Background: Obesity constitutes a major risk factor for the development of diabetes, and has been linked with poor gly-
caemic control among type 2 diabetic patients.

Aims: This study examines the prevalence of overweight/obesity and associated factors in type 2 diabetic patients in the
Beni-Mellal Khenifra region in Morocco.

Methods: A questionnaire-based cross-sectional study was conducted in 2017 among 975 diabetes patients attending pri-
mary health centres. Demographic and clinical data were collected through face-to-face interviews. Anthropometric meas-
urements, including body weight, height and waist circumference, were taken using standardized techniques and calibrated
equipment.

Results: The prevalence of overweight was 40.4%, the general obesity was 28.8% and the abdominal obesity was 73.7%.
Using multivariate analysis, we noted that the general obesity was associated with female sex (AOR= 3,004, 95% CI: 1.761-
5.104, P<0.001), increased age (AOR=2.192, 95% CI: 1.116-4.307, P<0.023) and good glycaemic control (AOR=1.594, 95%
CI: 1.056-2.407, P=0.027), whereas abdominal obesity was associated wih female sex (AOR=2.654, 95% CI: 1.507-4.671,
P<0.001) and insulin treatment (AOR=2.927, 95% CI: 1.031-8.757, P=0.048).

Conclusion: Overweight, general obesity and abdominal obesity were high among participants, especially among women.
Taken together, these findings urge the implementation of a roadmap for this diabetic subpopulation to have a new lifestyle.
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Introduction
Diabetes is a major public health problem due to its
negative effects on health and well-being and the costs
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work is propetly cited.

engendered by its complications. This could be exacer-
bated by the fact that the prevalence of this disease is
elevated and is highly dynamic with a serious and socio-
economic impact'. As a result, diabetes is currently one
of the most worrying diseases in both industrialised
and developing countries, as the latter are in nutrition
transition.

According to the International Diabetes Federation?,
the number of adult diabetic patients recorded in 2015
was 415 million, representing 8.8% of the world's pop-
ulation, and type 2 diabetes mellitus (T2DM) is the
most common form of diabetes, representing more
than 90% of all declared cases’. In Morocco, a country
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in the full phase of demographic, nutritional and epide-
miological transition*, diabetes is emerging as a preoc-
cupying public health issue that represents a challenge
facing health practitioners daily. Based on a survey car-
ried out by health authorities in 2000, the prevalence
of diabetes in Morocco was about 6.6% in a popula-
tion aged at least 20 years ¢, whereas it reached 10.6%
in 2018 according to the latest national survey on the
common risk factors for non-communicable diseases’.
These statistics reflect the evolution of the disease in
Morocco and that the situation requires rigorous man-
agement of diabetes along with its associated factors
such as overweight and obesity.

It is well known that for diabetic and non-diabetic per-
sons, being overweight or obese is a major risk factor.
That is why professional organisations and health pro-
fessionals recommend weight loss as a primary strategy
for glycaemic control. For example, the American Dia-
betes Association (ADA) recommends weight loss for
all overweight or obese individuals who have or are at
risk for diabetes®.

There is a very close relation between weight and
T2DM. Indeed, many previous published data have re-
ported that most of patients with T2DM are overweight
or obese and that obese people present the highest risk
of developing T2DM’. The simultaneous occurrence
of the complicated conditions of diabetes and obesity
within a single individual is called ‘diabesity’". Furthet-
more, overweight and obesity in diabetics are associated
with poorer control of blood glucose levels and blood
pressure'’, which represents high cardiovascular risk'>.
Conversely, intentional weight loss is associated with re-
duced mortality in people with ‘diabesity” .
Determinants of weight gain leading to overweight and
obesity are clearly multifactorial and involve genetic, so-
cioeconomic and environmental components14. Addi-
tionally, assessment of the nutritional status of patients
with T2DM is essential to detect malnutrition that
could increase morbidity and mortality and prolong the
length of hospital stay. However, data regarding nutri-
tional status and its associated factors in Moroccan type
2 diabetic patients remain scarce and limited. To our
knowledge, there are no published studies on this sub-
ject in the Beni-Mellal Khenifra (BM-KH) region and
in other regions of Morocco, except the study carried
out by Ramdani et al. in 2012 on diabetes and obesity in
eastern Morocco'. A better understanding of the fac-
tors associated with diabesity in the Moroccan context
is strongly needed to help diabetics and health profes-
sionals better manage diabetes. Thus, the aim of this
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work is to determine the prevalence of overweight and
obesity and to identify its determinant factors in a sam-
ple of type 2 diabetic patients in the BM-KH region.

Methods

Study participants and data collection

We conducted a cross-sectional survey in 2017 among
975 T2DM patients attending primary health centres
in the BM-KH region of Morocco. At the time of the
survey and according to the Regional Observatory of
Health in the BM-KH region, the primary health cen-
tres provide health services for 153 000 T2DM patients
registered in five provinces who receive regular medical
follow-up and get their medications dispensed at the
centres free of charge.

For patient selection, a multilevel random-sampling
method was used to recruit participants.

The sample size was calculated based on the follow-
ing parameters: prevalence of overweight and obesi-
ty (50%) among T2DM patients, 4% margin of error
(e=0.04) and 95% confidence level (z=3.20); thus, the
minimum study sample size was 932, which was round-
ed up to 1000 persons for more accuracy and in order
to account for possible exclusions and the need to carry
out subgroup analysis.

The sample surveyed in the five provinces of the BM-
KH region was proportional to the total T2DM pop-
ulation in each province. All primary health centres
providing diabetes care in each province were counted
and centres were randomly selected from these. The
number of primary health centres was chosen based on
proportions of diabetes patients recorded in each prov-
ince. Thus 15 primary health centres were the setting
for the survey.

Every workday, a list of expected participants was ob-
tained from the healthcare centres. The value of K par-
ticipants depended on the number of people attending
the centre each day, which varies between centres. The
first K participant to be recruited into the study and
who met the inclusion criteria was randomly selected by
the investigator and then every Kth patient was recruit-
ed into the study. If the Kth person declined, the next
person was invited. The recruitment was continued un-
til data were collected from 1000 patients. After clean-
ing of the files, 25 questionnaires with missing data or
unreadable handwriting were eliminated; the sample
size remains 975.

A face-to-face interview was carried out by trained in-
terviewers to collect data, including sociodemographic
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information, such as age, sex, place of residence, mar-
ital status, family size, level of education, and occupa-
tional status. Participants’ educational levels were clas-
sified into 4 categories as follows: “Illiterate” (unable
to read and write and without formal education); “Pri-
mary” (had 1 to 6 years of formal education); “Sec-
ondary” (had 7 to 12 years of formal education) and
“university” (had at least 13 years of formal education).
The employment status was categorized as working or
not currently employed. In addition, we collected infor-
mation about diabetes, such as the duration of diabetes
in years, family history of diabetes (defined as having
a parent or sibling with diabetes), treatment type, and
complications linked to diabetes.

The inclusion criteria for this study were as follows: pa-
tients diagnosed with T2DM for 1 year or more, with
an available medical file; aged at least 18 years; had an
HbA1c test during the last three months; physically and
mentally able to provide all data required for the study;
and willing to participate in the study.

Patients with type 1 diabetes, hospitalized patients and
pregnant women with diabetes were excluded from this
study.

Written approval for this study was obtained from the
Health Ministry, Morocco, on 3 March 2016 (reference
no. 6397-3/3/2016). For the questionnaitre, informed
written consent was obtained from all respondents after
explaining the purpose of the study, the importance of
their contribution and their right to refuse participation.
The data are anonymized and free of personally identi-
fiable information.

Anthropometric measurements and biological pa-
rameters

Height and body weight were measured for all partici-
pants by trained research staff; body weight was meas-
ured to the nearest 0.1 kg using a digital scale (Seca 877,
Hamburg, Germany), and height was recorded to the
nearest 0.1 cm using a wall-mounted stadiometer (Seca
216, Hamburg, Germany). Measurements were taken
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for each participant with light clothing and without
shoes, and body mass index (BMI) was calculated as
weight in kilograms divided by height in metres squared
and categorized as underweight (<18.5 kg/m?), not-
mal (18.5-24.9 kg/m?), overweight (25-29.9 kg/m?) and
obese (= 30 kg/m?* '

Wiaist circumference was also measured to the near-
est 0.5 cm, and abdominal obesity (AO) was defined
as waist circumference (WC) 2102 centimetres in men
and 288 centimetres in women'*.

For biological indicators, the most recent HbAlc meas-
urements (if not exceeding 3 months prior) were ex-
tracted from medical patients' records. According to the
ADA, we defined glycaemic status as good glycaemic
control if HbAlc <7% and poor glycaemic control if

HbAlc Z7%!!"

Statistical analysis
Statistical analysis was carried out using Statistical Pack-

age for Social Sciences (Version 19.0, SPSS, Inc) Soft-

ware. Data are described as the mean T standard devia-

tion (SD) for continuous variables and proportions for
categorical variables. Numerical variables were analyzed
using the student t-test. The association between over-
weight/obesity and the determinant factors considered
were researched through bivariate logistic regression
analysis and then all significant variables in the bivariate
analysis (p< 0.05) were considered in the multivariate
logistic regression model to determine independent
factors associated with being obese or overweight. For
each statistical test used, the test is considered signifi-
cant when P-value (degree of significance) is less than
0.05.

Results

Socio-demographic, clinical and anthropometric
characteristics

The socio-demographic, clinical and anthropometric
characteristics of participants are presented in table 1.
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Table 1: Socio-demographic, clinical and anthropometric characteristics of T2DM patients

Variables Categories n (%)/ Meanz SD
Sex Men 255 (26)
Women 724 (74)
Age (years) <40 91 (9.5)
41-50 199 (20.7)
51- 60 336 (35)
>61 335 (34.9)
Area of residence Urban 744 (76)
Rural 112 (11.4)
Peri-urban 123 (12.6)
Marital status Single 53(5.4)
Married 657 (67.2)
Divorced 60 (6.1)
Widow/er 209 (21.3)
Educational level Illiterate 651 (66.5)
Primary 154 (15.7)
Secondary 129 (13.2)
University 45 (4.6)
Occupation Unemployed/Housewife 777(79.2)
Employed 201(20.8)
Household Members Three and below 287(29.7)
Between 4 and 7 members 563 (58.3)
Above 7 members 115 (11.9)
BMI (kg/m’) Under weight 11(1.4)
Normal weight 225(29.4)
Overweight 309 (40.4)
Obese 220 (28.8)
Abdominal obesity Men waist circumference (cm) 95.20£16.57
Women waist circumference (cm) 100.59+ 11.63
Diabetes duration (years) - 8.55+ 6.95
Glycaemic control Mean HbAlc (%) 8.77+2.53
HbAlc<7% (245) 30.6
HbAlc>7% (556) 69.4
Fasting blood level 2.084+0.96
Type of diabetic treatment Oral Antidiabetic (OA) alone. 446 (46.1)
Insulin alone. 255 (26.4)
Combination of OA and insulin. 211 (21.8)
Diet only. 55(5.4)

Women were over-represented (74 %) and the majority
of the respondents (76%) was living in urban areas. The
mean age was 56.19 & 11.486 years, 9.5% were less than
40 years of age, 20.7% were 41-50 years, 35 % of the
respondents represented the age group 51-60 years and
34.9 % were = 61 years. Almost two thirds (66.5%) of
the patients were illiterate, 15.7% had primary educa-
tion, 13.2% of them had completed secondary educa-
tion and only 4.6% had university education level. Over
half of the study participants (67.2%) were married at
the time of the study.

We noted that the prevalence of overweight, includ-
ing obesity (BMI 2 25 kg/m?) was at the level of 69.2
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and 28.8% of the respondents were obese (BMI = 30
kg/m?2). The remaining proportions of participants
(29.4%) were normal weight, while only 1.4% were un-
derweight. Regarding AO, measured by WC, the results
of this study showed that the mean value of WC was
significantly higher in women (100.59 £ 11.63 cm) than
in men (95.20 £16.57 cm) (t= -3.287; P<0.001). Con-
cerning the duration of diabetes, the mean duration was
8.55% 6.95 years. The average fasting plasma glucose
and HbAlc of the subjects were higher than the ADA
treatment goals'® and the glycaemic control measured
by HbAlc showed that 69.4% of the patients were

classified as having poor glycaemic control (HbAlc 2
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7%). With regard to diabetic medications, 46.1% of re-
spondents took oral medication either alone or in com-
bination with insulin (21.8%), 26.4% were treated with
insulin alone, and 5.4% were on diet only.

Nutritional status and associated factors

Overweight and obesity were observed in 529 (69.2 %)
patients. Sex, age, educational level, household mem-
bers, occupation, diabetes duration, glycaemic con-

trol and type of diabetic treatment were the candidate
variables for logistic regression. The following factors
were statistically significant in bivariate analysis: sex,
age, education level, occupation and glycaemic control
(HbA1c<7%). However, by adjusting the model us-
ing multivariate logistic regression, we have found that
overweight and obesity were statistically associated with
female sex, age above 41 years and good glycaemic con-

trol (Table 2).

Table 2: Factors associated with overweight and obesity among T2DM patients

Variables Normal weight Over-weight | Bivariate analysis Multivariate analysis
BMI<25 and Obese
n(%) BMI>25 n(%) | COR(95%CI) P-value AOR (95%CTI) P-value
Sex
Female 136(24.2)99(48.8) 425(75.8) 2.975(2.125-4.163) | <0.001* | 3.004(1.761-5.104) <0.001*
Male 104(51.2) 1
Age groups (year)
<40 34(53.1) 30(46.9) 1.210(1.030-1.422) | 0.021* 2.192(1.116- 4.307) 0.023*
41-50 48(31.6) 64(24.3) 10(68.4) 0.992(0.600-1.638) 0.974
51- 60 85(31.5) 199(75.7) 0.742 (0.477-1.155) 0.187
>61 185(68.5) 1
Educational level
Illiterate 139(27) 375(73) 1.682(1.220-2.318) | 0.001* 1.005(0.656-1.541) 0.981
Non illiterate 96(38.4) 154(61.6) 1
-Household
members 70(31.1) 155(68.9) 1.005(0.780-1.297) | 0.967 - -
Three and below 134(30) 312(70)
Between 4 and 7 26(31.7) 56(68.3)
Above 7 members
Occupation
Unemployed/ 165(27.2) 441(72.8) 2.126(1.481-3.051) | <0.001* | 1.195(0.667-2.141) 0.550
housewife 70(44.3) 88(55.7) 1
Employed
Diabetes duration
(years)
<3 46(31.7) 99(68.3) 1.052(0.712-1.553) | 0.800 - -
>3 186(30.6) 421(69.4)
Glycaemic control
HbAlc < 7% 48(23.5) 156(76.5) 1.586(1.085-2.320) | 0.017* 1.594(1.056-2.406) 0.027*
HbA1c>7% 144(32.8) 295(67.2) 1
Type of treatment
OA alone. 5(29.4) 12(70.6) 1.243(1.015-1.524) | 0.036* 2.102(0.589-7.503) 0.252
Insulin alone 76(37.1) 129(62.9) 1.618(0.958-2.731) 0.072
OA and insulin 107(29.2) 256(70.5) 1.398(0.857-2.279) 0.180
Diet 5(29.4) 12(70.6) 1

(*) Statistically significant at P value <0.05; COR= Crude Odds Ratio; AOR= Adjusted Odds Ratio;

CI= Confidence Interval.

The overweight and obesity among females were three
times higher than among males (AOR= 3,004, 95%
CI: 1.761-5.104, P<0.001). Regarding age, the rela-
tive probability of being overweight and obese among
participants aged 41 years and above was higher than
those with age below 41 years (AOR=2.192, 95% CI:
1.116-4.307, P<0.023). Concerning the glycaemic con-
trol, the relative probability of being overweight and
obese among patients with good glycaemic control was
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higher than patients with poor glycaemic control ones
(AOR=1.594, 95% CI: 1.056-2.407, P=0.027).

The prevalence of AO was higher (73.7%) among pa-
tients and was statistically significant in bivariate anal-
ysis with sex (P<0.001), age (P=0.032), occupation
(P<0.001) and type of treatment P=0.016) (Table 3).
By adjusting the model using multivariate logistic re-
gression, a statistically significant difference was found
in AO to female sex (AOR=2.654, 95% CI: 1.507-4.671,
P<0.001) and insulin treatment (AOR=2.927, 95% CI:
1.031-8.757, P=0.048).
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Table 3: Factors associated with abdominal obesity among T2DM patients

Variables Waist circumference Bivariate analysis Multivariate analysis
Normal n(%) Obese COR(95%CT) P-value AOR (95%CI) P-value
n (%)
Sex
Female 38(13.6) 241(86.4) | 2.945(1.925-4.506) | <0.001* 2.654(1.507-4.671) | 0.001*
Male 56(70.9) 23(29.1) 1
Age groups (year)
<40 4(26.7) 11(73.3) 2.565(1.187-5.544) | 0.117
41-50 21(28) 54(72) 1.205(1.016-1.429) | 0.032* 1.320 (0.830-2.100) | 0.241
51- 60 28(23.1) 93(76.9) 0.962 (0.655-1.414) | 0.844
261 38(28.4) 96(71.6) 1
Educational level
[lliterate 58(21.6) 211(78.4) | 0.809(0.576-1.137) | 0.222 -
Non illiterate 36(40.4) 53(59.6)
Household members
Three and below 25(25) 75(75) 1.734(0.566-0.950) | 0.199 -
Between 4 and 7 57(26.6) 175(73.4)
Above 7 members 12(29.3) 29(70.7)
Occupation
Unemployed/ housewife 57(19.1) 241(80.9) | 2.518(1.590-3.988) | <0.001* 0.721 (0.389-1.336) | 0.298
Employed 37(61.7) 23(8.7) 1
Diabetes duration (years)
<3 1931.1) 42(68.9) | 1.285(0.871-1896) | 0.206 -
>3 75(25.6) 218(74.4)
Glycaemic control
HbAlc <7% 29(11) 71(89) 1.205(0.838-1.734) | 0.315 -
HbAlc>7% 49(24) 155(76)
Type of treatment
OA alone 52(29.7) 123(70.3) | 1.246(1.042-1.489) | 0.016* 2.794(0.958-8.154) | 0.060
Insulin alone 24(28.9) 52(71.1) 2.927(1.031-8.757) | 0.048*
OA and insulin 16(17.2) 77 (82.8) 1.820(0.612-5.411) | 0.282
Diet 9(52.9) 8(47.1) 1

(*) Statistically significant at P value <0.05; COR= Crude Odds Ratio; AOR= Adjusted Odds Ratio;

CI= Confidence Interval.

Discussion

The main goal of weight management is to ensure opti-
mal glycaemic control, avoiding the diabetes complica-
tions. In line of this, the present study has assessed the
prevalence of overweight and obesity and its associat-
ed factors among T2DM patients. The results showed
that 69.2 % of respondents were overweight (BMI =
25 kg/m?) of which 28.8% of them wete obese (BMI >
30 kg/m?). These findings ate in accordance with that
found in Yemen in 2014, reporting that 58.8% of pa-
tients with T2DM were overweight and 28.8% of them
wete obese'®. Similatly, our data are equivalent to those
reported by Tseng CH. (2007) in Taiwan, another coun-
try with nutrition transition, as 65 % of the patients
were overweight or obese and less than one-third had
a normal BMI". Equivalent data were also observed in
Oman and Qatar with 60.1% and 59.7% of the diabetic
patients presenting obesity, respectively”?'. However,
the data of all these studies are still less high than those
found in U.S. adults with diagnosed diabetes where the
prevalence of overweight or obesity was 85.2%, and the
prevalence of obesity alone was 54.8%%. Nevertheless,
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the prevalence of overweight and obesity showed high
scores in Jordan as 91% of respondents participating
in a similar study were overweight of whom 58% were
obese?. Increased modernization and a westernized diet
and lifestyle are probably behind this increased preva-
lence of obesity in Jordan as well as in many developing
countries®. Furthermore, our study has shown that the
prevalence of obesity in T2DM is slightly higher than
in the general population taken at whole in Morocco
where overweight was found to occur among 53.0% of
people with the prevalence of obesity was in the range
of 20.0%".

In this work, we investigated also the prevalence of AO
which has been found to be higher than the prevalence
of obesity defined by BMI (73.7% vs. 28.8%). Unfor-
tunately, the difference in standards adopted to charac-
terize AO did not allow comparison with other studies.
The results obtained from the multivariate logistic re-
gression analysis indicated that female sex was signif-
icantly associated with both overweight/obesity and
AO. These findings are in agreement with previous
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studies in Belgium, in the United Kingdom,” in Sau-
di Arabia,”® in Oman,”” and in Yemen 18 showing that
significantly higher obesity rate was noted in females in
comparison to males. Several studies conducted in the
Middle East and Africa showed that the factors causing
this high prevalence of obesity in females rather than
in males can be attributed to less physical activity, rapid
urbanization, less employment and also for cultural rea-
sons. Indeed, women who are overweight will be social-
ly accepted as well looked and provide her with more
acceptance in the community®.

In this study, in addition to the female sex, the mul-
tivariate logistic regression analysis showed also that
overweight and obesity were significantly associated
with increased age and good glycaemic control. Regard-
ing age, this result is similar to that found in Finland in
2009 among the general population, where both in men
and in women, the prevalence of obesity increased with
age”.

For glycaemic control, our results are in line with previ-
ous studies reporting that higher BMI is associated with
good glycaemic control and patient with lower BMI
are poorly controlled and have low C-peptide levels,
reflecting inadequate B-cell reserves™. In contrast, oth-
er research studies reported that overweight or obesity
was associated with a significantly higher probability of
having HbAlc 27%,” a finding that may be explained
by the fact that obese diabetic patients often reported
irregular meal patterns, leading to poorer glycaemic
control and reduced insulin sensitivity”. On the other
hand, other research studies reported the absence of a
link between BMI and glycaemic control and critics ar-
gued that the change in HbAlc was independent of the
change in weight, suggesting that there was no link be-
tween the two vatiables™. This criticism arose because
some individuals with higher BMI were metabolically
healthy. These studies suggested that BMI should be a
component of a comprehensive evaluation of the over-
all health status to determine the association of BMI
with glycaemic control.

Regarding AO, in addition to the female sex, the mul-
tivariate logistic regression analysis showed that insulin
treatment was risk factor for AO. Indeed, it is known
that AO is associated with insulin resistance®, and that
insulin treatment, causes an excess of serum insulin
that can cause a constant sensation of hunger leading
by consequent to a vicious circle in which overeating
generates excess body fat that accumulates in the vis-
cera leading to AO™*. One other possible explanation is
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that the majority of patients with T2DM are overweight
or obese at the time of diagnosis, and treatment with in-
sulin is known to have weight gain as an adverse effect.
Given these facts, therapeutic agents that target weight
loss could represent another approach to the control of
T2DM.

This study was the first study conducted in the BM KH
region to determine factors associated with overweight
and obesity among T2DM; it investigates a relatively
large sample. In contrast, it has some limitations. First,
the cross-sectional design of the study limits conclu-
sions regarding the causality of the identified associa-
tions, so longitudinal studies are greatly needed; second,
some factors such as dietary habits, physical activity, and
psychological factors were not assessed in this study.
Therefore, further studies have to be done to assess the
contribution of these factors in obesity status among
T2DM patients; third, the comparison of our results
was difficult because studies on this topic especially in
T2DM patients are scarce in Morocco.

Conclusion

Overweight, general obesity and abdominal obesity
were high among participants. The general obesity was
associated with female sex and good glycaemic control,
whereas abdominal obesity was associated with female
sex and insulin treatment. Given the high prevalence of
obesity among women, there may be additional public
health benefits of targeting this population group, be-
cause their behaviors may influence the behaviors of
other proximal population groups, such as their chil-
dren and families. The health consequences of diabetes
are compounded by overweight and obesity. However,
the prevalence of overweight and obesity among peo-
ple with diabetes has not been monitored regularly giv-
en this fact weight management should receive a higher
priority in the management of diabetes.
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