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Abstract:
BACKGROUND: Self‑monitoring of blood glucose  (SMBG) is a part of diabetes management. 
Numerous investigations have demonstrated inadequate adherence to SMBG. We investigated the 
level of adherence to SMBG in diabetic type 2 patients treated with insulin or sulfonylureas/meglitinide 
and the population attributable fraction of associated factors to SMBG in Iran.
MATERIALS AND METHODS: This cross‑sectional study used data from the population‑based study 
on diabetes care in Iran (DiaCare). Overall, 13392 diabetic persons aged 35–75 years were recruited 
from urban/rural areas of all 31 provinces of Iran in the DiaCare study. Our samples in the current 
study consisted of 7,481 individuals who were administered insulin or oral medications required to 
undertake SMBG. The patients were divided into two groups: the adherence group was those who 
used insulin and were required to perform SMBG at least twice per day or those who relied on oral 
medications (sulfonylureas/meglitinides) who were expected to engage in SMBG at least twice a 
week. Patients who did not meet these requirements were categorized as the nonadherence group. 
Univariate comparisons and multivariate logistic regression were used to assess the relationships 
between SMBG adherence and related factors and to calculate the population attributable 
fraction (PAF); the complex survey design was taken into consideration.
RESULTS: A total of 17.8% (1096/7481) of patients were seen to adhere to the SMBG. However, 
the rate of SMBG adherence was 38.8 percent in patients who used sulfonylureas/meglitinides; only 
3.26% of patients on insulin were SMBG adherent. The adherence rates for men and women and also 
age groups were not statistically significant. The adherence rate in urban regions was 19.31%, while 
in rural areas, it was 11.51%. The multivariable analysis revealed that the probability of performing 
SMBG is much higher among married patients  (OR = 1.84, 95% CI: 1.05,3.21). In addition, the 
factors of urbanization  (OR = 1.79, 95% CI = 1.15‑2.78), university education  (OR = 1.99, 95% 
CI: 1.12, 3.55), and no smoking (OR = 1.78, 95% CI = 1.11,2.86) were also positively associated with 
the possibility of doing SMBG. Being married showed the highest PAF (PAF = 42.74%), followed by 
not smoking (PAF = 39.41%) and living in urban areas (PAF = 38.46%). Having an education higher 
than high school demonstrated the lowest PAF (PAF = 8.78%).
CONCLUSIONS: Most patients did not adhere to the suggested practice of SMBG. Factors such 
as marriage, urbanization, university education, and no smoking were shown to be associated with 
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Introduction

The International Diabetes Federation reported that 
the prevalence of adult diabetes increased more than 

twice between 2000 and 2021 and is predicted to grow 
three times by 2045.[1] According to the findings of the 
Noncommunicable Diseases Risk‑Factors Surveillance 
in  Iran  (STEPs) study, there was a notable rise in the 
prevalence of prediabetes (24.8%) and diabetes (14.2%) 
in Iranian adults aged 25 and above in 2021, compared 
to STEPs 2016.[2]

The primary cause of complications associated with 
diabetes is uncontrolled blood glucose. Long‑term 
consequences of uncontrolled blood glucose include 
increased hospitalization and medical expenses, as well 
as problems with the kidneys, retina, cardiovascular, 
and nervous system.[3‑5] To effectively manage diabetes, a 
variety of interventions are required.[6] The key component 
in preventing the long‑term consequences of diabetes is 
self‑management, i.e., self‑monitoring of blood glucose 
(SMBG).[7,8] Patients with type 2 diabetes typically engage 
in fewer self‑care activities for a variety of reasons.[9,10]

SMBG is a method used by individuals with diabetes to 
assess their blood glucose levels by using a glucometer. 
SMBG enables individuals with diabetes to regularly 
measure their blood glucose levels throughout the day,[11] 
which might facilitate patients in comprehending the 
impact of dietary modifications, various foods, frequency of 
eating, and diverse physical activities on their blood glucose 
levels.[12] The analysis of SMBG outcomes allows patients 
to use hypoglycemic medications, particularly insulin, to 
mitigate the risk of experiencing hypoglycemia episodes.[13]

Research indicates a discernible disparity in HbA1c levels 
between those who seldom or never monitor their blood 
glucose and those who engage in blood glucose monitoring 
3–4 times daily.[14] Previous studies have shown the impact 
of structured SMBG on both blood sugar management in 
individuals with diabetes.[5] Furthermore, the provision 
of free test strips proved to be a successful strategy in 
motivating patients to engage in the management of their 
diabetes. The provision of free test strips to patients was 
associated with reduced HbA1c, as well as decreased 
average blood glucose and insulin dosages.[15]

Nevertheless, research conducted in both high and low 
and middle‑income countries  (LMICs) has revealed 

suboptimal adherence to SMBG. Multiple studies 
have documented adherence rates below 50% in many 
countries, including the USA, Latin America, the 
United  Kingdom, Jordan, Cameroon, and China.[16‑21] 
In addition, studies have demonstrated a correlation 
between adherence to SMBG and many parameters, 
including gender, age, educational attainment, 
economic level, treatment regimen, frequency of clinic 
visits, duration of diabetes, and access to glucose test 
strips.[22‑24]

Given the greater prevalence of diabetes in Iran 
compared to the global average, which is projected 
upward, as well as evidence from  prior research 
endorsing the efficacy and impact of SMBG on blood 
glucose control, structured SMBG practices are expected 
to be of considerable advantage for people with diabetes. 
Based on the investigations, this is the first study of 
its kind in the field of SMBG, using the data of the 
DiaCare[25] survey that was conducted at the national 
level in Iran. Our study investigated the current status 
of adherence to SMBG in diabetic type 2 patients treated 
with insulin or sulfonylureas/meglitinide and the 
population attributable fraction of associated factors to 
SMBG in Iran.

Materials and Methods

Study design and setting
This is a cross‑sectional study that used data from 
the population‑based study on diabetes care in Iran 
(DiaCare) in 2022. The details of the DiaCare survey were 
provided elsewhere in a study profile.[25]

Study participants and sampling
In this study, patients with type  2 diabetes in Iran 
were examined. The criterion for inclusion in the 
study was that patients between the ages of 35 and 
70 years old had been diagnosed for at least 6 months 
and were able to respond. In brief, the sample size 
for the study was 288 participants based on the 
equation Nsrs  =  Z21−α/2[P×  (1  −  P)]/d2  (where N 
is the sample size, Z is the statistic corresponding to 
level of confidence, P is expected prevalence, and d 
is precision  (corresponding to effect size)) for simple 
random sampling. Therefore, according to the design 
effect of 1.33, the sample size for cluster sampling is 
384, and with a correction of 10% for nonresponse, 
432 patients (36 clusters of 12 people in urban and rural 

adherence to SMBG with high PAF. We advocate further qualitative and exploratory research to examine the underlying causes 
of nonadherence to SMBG in Iran.
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areas of each province) have been calculated. A total of 
13392 people (in 31 provinces) participated in the study. 
Participants were selected from 4 age and gender groups, 
men and women between 35 and 75 years old.[25]

Data collection tools and technique
We extracted the data from the DiaCare study 
including information for sociodemographic factors, 
utilization of diabetic care services, familial history of 
diabetes, antihyperglycemic medication usage, dietary 
patterns, physical activity levels, smoking habits, and 
complications or comorbidity related to diabetes. In 
addition, anthropometric measurements such as weight, 
height, waist circumference, and blood pressure were 
measured based on standard protocol.[25] We obtained 
the biochemical parameters by laboratory testing in a 
fasting condition according to standard protocols.

The adherence to SMBG was defined based on the SMBG 
Recommendation Tool guideline which was drafted 
by The Canadian Diabetes Association.[26] According 
to this guideline, in our study, patients with type  2 
diabetes using insulin or oral medications to cause 
hypoglycemia  (e.g.,  sulfonylureas, meglitinides) were 
required to undertake SMBG. The patients were divided 
into two groups: the adherence group was those who 
used insulin and were required to perform  SMBG  at 
least twice per day and those who relied on oral 
medications  (sulfonylureas/meglitinides) who were 
expected to engage in SMBG at least twice a week. Patients 
who did not meet these requirements were categorized 
as the nonadherence group. Age was reported into 4 
subgroups  (35–44, 35–54, 55–64, and  ≥65  years). The 
patients’ residency was stratified into urban or rural 
areas. Current smoking included any usage of tobacco 
products like cigarettes or hookah in the last 30 days. The 
International Physical Activity Questionnaire  (IPAQ) 
was used to measure patients’ physical activity. Using 
the proposed metabolic equivalent of task (MET) score, 
physical activity was divided into three levels  (low, 
moderate, and high).[27] Other variables were assessed 
by asking about the type of insurance status, history of 
hypertension, dyslipidemia, family history of diabetes, 
occupational status, etc.

We used weighted survey statistical methods for the 
descriptive reports. Since the sampling was done 
during 2018 and 2019, we used the average population 
projection of these two consecutive years based on the 
residential area (rural, urban), sex, and age (35–75 years) 
from Iran’s Statistical Center as a reference population 
to define weights.[28] Quantitative data were presented 
in terms of the mean and standard deviation (SD). We 
used the Shapiro–Wilk test to assess the conformity of 
the data to a normal distribution. The study reported 
data that deviated from a normal distribution as the 

median, accompanied by the interquartile range. The 
categorical variables were represented as frequency 
and percentages. Between‑group differences in the 
categorical variables were compared using Pearson’s 
Chi‑square, and continuous variables were compared 
using an independent sample t‑test test or nonparametric 
Mann–Whitney U test, as appropriate. The variables that 
exhibited a significant relationship with the performance 
of SMBG in the univariate models (P value of ≤0.2) were 
included in the multivariate logistic regression model. 
We also calculated population attributable fraction (PAF) 
for significant factors in our model. PAF is the proportion 
of cases for an outcome within a population that can 
be attributed to a given covariate or risk factor. PAF 
incorporates both the prevalence and the effect size of 
the exposure. In the present study, we calculated the 
PAFs using the following equation:

  × (OR – 1)
=

OR
cP

PAF

where is Pc the prevalence of exposure among cases and 
OR is the adjusted odds ratio.[29] The statistical analyses 
and survey analysis were conducted using STATA 
software (Stata Corp. 2015. Stata Statistical Software: Release 
14. College Station, TX: Stata Corp LP), and a significance 
level of 0.05 was used to determine statistical significance. 
Figure 1 provides a schematic representation of the 
methodological procedure.

Ethical considerations
This study received approval from the Ethics Committee 
of the school of public health of the Tehran University 
of Medical Sciences (TUMS) (Ethic Code: IR.TUMS.SPH.
REC.1401.231).

Results

The current study included a total of 7,481 individuals 
who administered insulin or oral medications, out of 
the initial pool of 13,392 participants who were required 
to undertake  SMBG. Table  1 shows the demographic 
and baseline characteristics of the patients based on 
their adherence to SMBG. A  total of 17.8% were seen 
to adhere to the SMBG. However, the rate of SMBG 
adherence was 21.59 percent in patients who used 
sulfonylureas/meglitinides; only 3.26% of patients on 
insulin were SMBG adherent (P value < 0.001). The mean 
age of adherent participants was 54.30 ± 0.88, while the 
mean age of nonadherent participants was 55.67 ± 0.35 
(P value < 0.114). The adherence rate for men and women 
was 17.89% and 17.70%, respectively; however, this 
was not  statistically significant (P  value < 0.945). The 
adherence rate in urban regions was 19.31%, while in 
rural areas, it was 11.51% (P value < 0.001). A significant 
correlation was observed between adherence with 
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the level of education, access to both basic and 
supplementary insurance, occupational status, and 
marital status (P value < 0.001).

Figure  2 presents the prevalence of SMBG adherent 
patients in provinces of Iran. Kermanshah province 
had the highest prevalence of SMBG adherent 
patients (prevalence = 23.45%, 95%CI: 16.85%–31.64%) 
followed by Tehran province  (prevalence  =  21.92%, 
95%CI: 16.58%–28.40%). Mazandaran province 
had the lowest prevalence of patients who were 
adherent (prevalence = 9.95%, 95%CI: 6.22%, 15.54%).

As shown in Table 2, individuals who were adherent 
to SMBG experienced a notable reduction in the 
occurrence of hypoglycemia events (P value < 0.001). 
Overa l l ,  adherent  pat ients   exhib i ted  lower 
r a t e s  o f  h y p e r t e n s i o n ,  d y s l i p i d e m i a ,  C V D 
history (P value < 0.001), and also family history of 
diabetes (P value = 0.006). Our analysis of the clinical 
factors showed no statistically significant association 
between BMI, physical activity status, smoking 
habits,  and laboratory tests  with SMBG adherence. 
Nevertheless, individuals with adherence showed a 

statistically significant decrease in their serum 
cholesterol (P value = 0.003).

Furthermore, Table 3 presents the level of association 
between the explanatory variables and adherence to 
SMBG. It shows that the probability of performing SMBG 
is much higher among married patients (OR = 1.84, 95% 
CI: 1.05,3.21, P value: 0.032). The probability of performing 
SMBG is also higher among people with university 
education (OR = 1.99, 95% CI: 1.12‑ 3.55, P value: 0.02) 
and also patients who reside in urban areas (OR = 1.79, 
95% CI: 1.146, 2.78, P  value: 0.01). In addition, not 
smoking was also positively associated  (OR  =  1.78, 
CI  =  1.11, 2.86, P  value: 0.018) with the possibility 
of doing SMBG. Sex and unemployment status also 
demonstrated a borderline significant association with 
SMBG adherence. Being adherent to SMBG was higher 
among women (OR = 2.42, 95% CI: 0.89‑6.56, P value: 
0.083). Conversely, being unemployed was negatively 
associated with SMBG adherence (OR = 0.43, 95% CI: 
0.16, 1.15, P value = 0.093).

The PAFs for SBMG adherence are also presented 
in Table  3. Being married showed the highest PAF 

Table 1: Demographics and baseline characteristics of the studied population
PSMBG adherenceSMBG nonadherence

1096 (17.80)6385 (82.20)Number (%) 
Sex

0.945601 (17.89)3248 (82.11)Men
495 (17.70)3137 (82.30)Women

0.15354.30±0.8855.67±0.35Age (year) 
Age groups

0.114143 (25.32)808 (74.68)35‑44
413 (15.96)2224 (84.04)45‑54
350 (18.84)2110 (81.16)55‑64
187 (14.39)1217 (85.61)65+

Area
<0.001830 (19.31)4511 (80.69)Urban

266 (11.51)1874 (88.49)Rural
<0.0016 (3‑12)5 (0‑9)Education (years) 
0.55396 (60‑168)96 (48‑158)Diabetes Duration (month) 

Occupation
<0.001373 (18.79)2052 (81.21)Employed

236 (22.07)1015 (77.93)Retired 
478 (15.48)3262 (84.52)Unemployed

Marital status
0.0111010 (15.07)5694 (84.93)Married

7 (12.73)48 (87.27)Single
79 (10.94)643 (89.06)Divorced/Widowed

Medical insurance status
<0.0011067 (17.89)6228 (82.11)Basic insurance
<0.001453 (18.19)2075 (81.81)Supplementary insurance
<0.0013 (2‑4)1 (0‑1)Number of times used SMBG per week 

Treatment regimen
<0.00121.59% 78.41%Sulfonylureas/Meglitinides (with/without other oral agents)
<0.0013.26%96.74%Insulin (with/without other treatment) 

Data are presented as number (percent) or median (Inter quartile range). SMBG=self‑monitoring of blood glucose
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(PAF = 42.74%), followed by not smoking (PAF = 39.41%) 
and living in urban areas (PAF = 38.46%). Having an 

education higher than high school demonstrated the 
lowest in PAF (PAF = 8.78%).

Discussion

We aimed to measure the rate of  adherence 
to SMBG  in diabetic type  2  patients treated with 
insulin or sulfonylureas/meglitinide and the 
population‑attributable fraction of associated factors 
to SMBG in Iran. The rate of adherence to SMBG was 
17.80%, which suggests a notable deficiency in the degree 
of adherence to SMBG in Iran.

One study in Ethiopia in 2022 reported 96% of patients 
with a low degree of adherence to SMBG,[30] mainly 
attributed to the prevailing socioeconomic conditions, 
distinguished by low income and a correspondingly low 
human capital index.[31]

Our findings align with the adherence rates reported in 
2019 and 2023 in China, 26.2% and 27.5%, respectively.[32,33] 
The observed trend may be related to the similarity 
between the analyzed specimens and the socioeconomic 
conditions prevailing in both nations. In Jordan, 59% of 
patients demonstrated adherence to SMBG,[17] which 
suggests a comparatively more favorable situation 
compared to Iran. In 2011, when the diabetes control 

Figure 2: Adherence level based on the provinces of Iran

Figure 1: The conceptual framework of study
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program was initiated in Jordan, they provided 
education to patients and their families on self‑care 
practices, as well as promoted the utilization of personal 
glucometers. This strategy might be a reason to enhance 
adherence to SMBG in Jordan.

A systematic review conducted in the LMICs revealed 
that SMBG adherence rates ranged from 13% to 79.9%.[34] 
It is important to note that the criteria used to assess 
adherence in the reviewed studies differed from those 
used in our study. Therefore, variations in the definition 
of adherence across studies might account for the 
disparities observed in our findings. In the context of 
HICs, the rate of SMBG adherence was higher compared 
to Iran. For instance, in England, the adherence rate 
was reported to be 85%.[35] We considered the level of 
adherence to SMBG in Iran to be below the recommended 
number of tests proposed by most upstream guidelines 
such as Canadian and Britain guidelines.[36‑38]

During the last two decades, the Ministry of Health and 
Medical Education (MoHME) in Iran has been devising 
the type 2 diabetes preventive and control program,[39,40] 
i.e.,  provision of medications, devices, and materials 
necessary for the control and self‑monitoring of diabetes. 
Given the limited prior evidence on SMBG  in Iran, 
it is challenging to make definitive assertions on the 
impact of this program on SMBG levels. However, our 
findings might indicate that despite the implementation 

of this program, the adherence to SMBG is far from the 
anticipated level. One study identified several barriers 
to the successful implementation of a type 2 diabetes 
prevention and control program in Iran, i.e.,  limited 
financial resources, inadequate staff, inadequate 
incentives, and insufficient understanding among some 
healthcare professionals.[41]

The analysis of the association between demographic 
variables and adherence to SMBG revealed statistically 
significant relationships with several factors, i.e., residing 
in urban or rural areas, level of education, duration of 
diabetes, possession of primary and supplementary 
insurance, and the type of treatment regimen 
(P value <0.001). In line with our research, one study 
conducted in China showed a robust link between 
gender, education level, and occupation with the 
performance of SMBG.[33] Another study found that only 
gender exhibited a statistically significant association 
with SMBG,[21] which was not observed in our study. The 
results of a study conducted in Sweden to investigate 
adherence to smbg in patients with type  1 diabetes 
showed that there is a significant relationship between 
the level of education and the type of residence, which 
was similar to our findings.[42] In another study, poor 
adherence was associated with a family history of 
diabetes, social deprivation, and non‑European race.[43] 
Adherence to SMBG was related to perceived positive 

Table 2: Clinical data based on SMBG adherence for the studied population
PSMBG adherenceSMBG nonadherence

0.86776.84±1.4276.58±0.61Weight
0.070165.26±0.89163.54±0.42Height
0.24728.11±0.4128.65±0.16BMI

Smoking
0.060955 (18.97)5553 (81.03)No

141 (11.43)831 (88.57)Yes
Physical activity

202 (17.00)1210 (83.00)High activity
0.069325 (22.48)1843 (77.52)Moderate Activity

569 (15.01)3332 (84.99)Low activity
0.170124.25±1.67126.78±0.77SBP
0.46378.64±0.9677.91±0.41DBP
0.420174.93±5.19180.59±3.56FBG
0.4398.88±0.169.03±0.11HbA1c
0.190164.31±8.29176.97±5.62TG
0.003163.57±3.77175.59±1.72Cholesterol

<0.001353 (15.22)1967 (84.78)History of hypoglycemia last month
<0.001569 (17.63)3293 (82.37)HTN (+)
<0.001640 (14.19)3870 (85.81)History of Dyslipidemia (+)
0.006747 (17.10)4275 (82.90)Family history of DM2 (+)

<0.001112 (14.53)614 (85.47)History of CVD (+)
0.6974 (3‑10)4 (3‑10)Visit a physician per year
0.2524 (2‑5)4 (2‑4)Doing lab tests per year

Data are presented as number (percent), median (Inter quartile range), and mean±standard error. SMBG=self‑monitoring of blood glucose, BMI=body mass index, 
SBP=systolic blood pressure, DBP=diastolic blood pressure, FBG=fasting blood glucose, TG=triglyceride, HTN=hypertension, DM2=diabetes mellitus type 2, 
CVD=cardiovascular disease
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support from partners and intention to perform SMBG, 
and positive partner support was positively related to 
intention, action, and planning to adhere to SMBG.[44] In 
a study conducted in Saudi Arabia, the findings showed 
that 58.5% of participants had moderate adherence 
to SMBG, while 27.1% had low adherence and 14.3% 
were highly adherent, and the use of oral medications 
and insulin injections was associated with higher 
adherence.[45]

The analysis of clinical factors illustrated that adherent 
patient to SMBG had reduced cholesterol levels and 
fewer instances of dyslipidemia, hypertension, and 
hypoglycemia. There was a notable correlation between 
adherence and factors such as a familial predisposition to 

type 2 diabetes and a history of cardiovascular diseases. 
We found no statistically significant association between 
BMI, physical activity level, smoking status, annual 
laboratory testing, and the frequency of visiting doctors 
per annum. A  study conducted in Japan examined 
the impact of SMBG on metabolic factors, particularly 
when using the color recording method. This method 
involved patients recording their blood sugar levels 
using either blue or red color. The findings indicated 
that this approach had a positive influence on metabolic 
variables. The SMBG technique has been shown to lead 
to improved outcomes in individuals diagnosed with 
type 2 diabetes, specifically in terms of HbA1c  levels, 
blood pressure  (BP), and cholesterol levels.[46] The 
implementation of structured SMBG  alongside the 

Table 3: Factors associated with adherence to SMBG in studied population and their respective population 
attributable fraction  (PAF)
Variable OR 95%CI P PAF (%) 95% CI
Sex  
Women 2.42  (0.89, 6.60) 0.083
Age

45‑55 0.60  (0.32, 1.12) 0.108
55‑65 0.71  (0.39, 1.29) 0.26
65‑75 0.54  (0.24, 1.24) 0.144

Education
Highschool or less Ref
College and over 1.99  (1.12, 3.55) 0.02 8.78  (0.55‑17.00)

Employment Status
Employed Ref
Unemployed/homeworker 0.43  (0.16, 1.15) 0.093
Retired 1.13  (0.62, 2.08) 0.686

 Married status
No Ref
Yes 1.84  (1.052, 3.205) 0.032 42.74  (7.46‑78.02)

Basic Insurance 1.13  (0.35, 3.63) 0.842
Supplementary Insurance 0.80  (0.47, 1.35) 0.406
Area of Residence

Rural Ref
Urban 1.785  (1.146, 2.78) 0.01 38.46  (19.18‑57.74)

Current Smoker
Yes Ref
No 1.779  (1.11, 2.86) 0.018 39.41  (3.62‑75.20)

Lab Visit
≥4 times 1.04  (0.73, 1.49) 0.825

Diabetes Duration
≤96 months Ref
>96 months 0.97  (0.66, 1.44) 0.892

Family history of DM2 0.81  (0.51, 1.29) 0.38
History of CVD 0.88  (0.41, 1.89) 0.745
History of dyslipidemia 0.72  (0.45, 1.17) 0.188
History of Hypertension 1.22  (0.78, 1.90) 0.385
Physical Activity

High Activity Ref
Moderate Activity 1.39  (0.71, 2.73) 0.336
Low Activity 0.98  (0.56, 1.71) 0.956

History of Hypoglycemia last month 0.834  (0.54, 1.30) 0.418
SMBG=self‑monitoring of blood glucose, OR=odds ratio, CI=confidence interval, PAF=population attributable fraction
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adoption of lifestyle modifications has been shown to 
yield substantial improvements in metabolic parameters. 
One meta‑analysis examined the impact of SMBG  on 
the improvement of BMI. We identified no significant 
association in this specific field.[47] In a systematic review, 
the overall effect of SMBG was a statistically significant 
reduction of 0.39% in HbA1c compared to control 
groups. This decrease is considered clinically relevant. 
According to the UK Prospective Diabetes Study, a 0.39% 
reduction in HbA1c is expected to reduce the risk of 
microvascular complications by about 14%.[48] SMBG was 
associated with reduced diabetes‑related complications 
and all‑cause mortality in type  2 diabetes, and this 
association persisted in the subgroup of patients not 
receiving insulin therapy. SMBG may be associated with 
a healthier lifestyle and/or better disease management.[24]

Implementing a structured SMBG and providing patients 
with proper instruction on the operation of glucometer 
devices, in addition to effectively using SMBG readings 
by healthcare workers, holds significant potential for 
improving metabolic indicators. The utilization of 
SMBG data allows for the assessment of the impact of 
diet, physical activity, walking, and exercise on blood 
glucose levels. This information may be used to improve 
a patient’s lifestyle to their circumstances.[49]

By performing multivariate logit regression, we 
investigated the relationship between demographic 
variables and adherence to SMBG. The findings 
showed that the probability of performing SMBG 
was higher among married patients, university 
education, patients who reside in urban areas, and no 
smokers. Sex and unemployment status demonstrated a 
borderline significant associated with SMBG adherence. 
Multivariate analysis in another study showed that 
gender, urban residence, and payment for the test strip 
were risk factors for nonadherence.[23] Although the 
cost of the test strip was not included in our analysis, 
that finding is consistent with our study. One study 
showed that university education, medical insurance, 
government subsidies, and visiting a diabetes clinic 
3 or more times a year had a significant and direct 
relationship with adherence to SMBG.[33] Similar to 
our findings, the results of these studies highlight the 
influence of demographic variables on adherence to 
SMBG. The analysis of variables in another study showed 
that there was a relationship between gender, education 
level, family history of diabetes, physical activity, 
knowledge about glycemic control, and willingness to 
self‑manage diabetes with SMBG.[11] Our research shows 
that in most studies, there is a positive relationship 
between demographic variables and doing SMBG. This 
can be due to the differences that exist among different 
people and some of these variables can enhance the use 
of SMBG.

According to the findings of the PAF, approximately 
42.7% of adherence to SMBG can be attributed to 
individuals being married. The PAFs for urbanization 
and no smoking related to adherence to SMBG 
were estimated to be 38% and 39%, respectively. In 
addition, having an education higher than high school 
demonstrated the lowest in PAF  (PAF  =  8.78%). This 
means that factors such as marriage, urbanization, no 
smoker, and university education are important factors 
for doing SMBG in our diabetic patients.

To the best of our knowledge, this is the first national‑level 
research on the rate of SMBG  and the factors that 
influence its utilization among patients diagnosed with 
type  2 diabetes in Iran. The study used a substantial 
sample size, which might have enhanced the accuracy 
of our findings. In addition, our data analysis revealed 
the presence of significant variables about adherence 
to SMBG, which warrants further investigation.

Limitations and recommendations
Our findings need to be interpreted with some cautions. 
The study design was cross‑sectional, in survey format 
with a limited number of questions, which might have 
limited our ability to thoroughly examine the factors 
contributing to nonadherence to SMBG. Furthermore, 
this type of study design limits our ability to draw 
certain conclusions about cause‑and‑effect relationships 
and PAFs. Hence, further research using a longitudinal 
design might bring more insights. In addition, the 
exclusion of the income variable from the questionnaire 
was motivated by concerns regarding privacy and 
informed by past studies’ experiences.

Despite its limits, our research has several strengths. 
Our study is the first of its kind to describe the PAF 
of important factors for adherence to SMBG among 
diabetic patients in Iran. Our findings have some merits 
for informing and guiding the development of effective 
control policies. By identifying and quantifying the 
contribution of specific factors, our research provides 
useful insights that can help public health officials 
prioritize to reduce diabetic complication with increasing 
adherence to SMBG among people with diabetes in Iran. 
Since our samples were from both urban and rural areas, 
we ensured a diverse and representative cross‑section of 
the community, with good potential for generalizability. 
Finally, our comprehensive sampling approach enhances 
the external validity of our research, making it more useful 
for informing public health strategies and interventions 
across various demographic groups within the region.

Conclusions

In summary, our findings indicate a significant lack of 
adherence to SMBG among people with type 2 diabetes 



Mohammadi, et al.: Adherence to blood glucose self‑monitoring in diabetic type 2 patients

Journal of Education and Health Promotion | Volume 15 | January 2026	 9

in Iran. This may emphasize the need for targeted 
interventions to increase patients’ adherence. We 
advocate for serious reforms in current health policies 
and practices to ensure the implementation of the most 
effective diabetes management principles in the country. 
In particular, we propose prioritizing patients’ awareness 
through education, supporting systems that facilitate 
consistent monitoring, and simple access to SMBG tools 
in order to benchmark against best practices. In addition, 
further research is required to identify underlying factors 
contributing to nonadherence to SMBG. Given the 
extensive primary health care  (PHC) network in Iran, 
especially in rural areas, a national strategic plan aimed 
at the management of diabetes, with a special focus on 
SMBG, and taking into account the economic, social, and 
context conditions Iran’s culture, is essential.

Ethical clearance
This study was approved by the ethical committee of 
Tehran University of Medical Sciences under ethical 
code no IR.TUMS.SPH.REC.1401.231.

Abbreviation
SMBG = Self‑monitoring of blood glucose
STEPs  =  Noncommunicable Diseases Risk‑Factors 
Surveillance in Iran
LMICs = Low and middle‑income countries
IPAQ = The International Physical Activity Questionnaire
MET = Metabolic equivalent of task
EMRI  =  Ethics Committee of the Endocrinology and 
Metabolism Research Institute
TUMS = Tehran University of Medical Sciences
SD = Standard deviation
PAF = Population attributable fraction
BMI = Body mass index
SBP = Systolic blood pressure
DBP = Diastolic blood pressure
FBG = Fasting blood glucose
TG = Triglyceride
HTN = Hypertension
DM2 = Diabetes mellitus type 2
CVD = Cardiovascular disease.

Financial support and sponsorship
Our findings drew from a Ph.D. thesis in Health 
Economics (code 64046), which was approved by the 
Ethics Committee of Tehran University of Medical 
Sciences, Tehran, Iran (IR.TUMS.SPH.REC.1401.231).

Conflicts of interest
There are no conflicts of interest.

References

1.	 Sun  H, Saeedi  P, Karuranga  S, Pinkepank  M, Ogurtsova  K, 
Duncan BB, et al. IDF Diabetes Atlas: Global, regional and country-

level diabetes prevalence estimates for 2021 and projections for 
2045. Diabetes Res Clin Pract 2022;183:109119.

2.	 Azadnajafabad  S, Ahmadi  N, Rezaei  N, Rashidi M-M, 
Moghaddam SS, Mohammadi E, et al. Diabetes care cascade and 
compliance with WHO global coverage targets in Iran: Findings 
of STEPS Survey 2021. 2023. doi: 10.21203/rs.3.rs-2776811/v1.

3.	 Liu L, Wang F, Gracely EJ, Moore K, Melly S, Zhang F, et al. Burden 
of uncontrolled hyperglycemia and its association with patients 
characteristics and socioeconomic status in Philadelphia, USA. 
Health Equity 2020;4:525-32.

4.	 Jain N, Agarwal M, Kadaria D, Steinberg HO, Dagogo-Jack S. 
National trends and outcomes in patients with uncontrolled diabetes 
and related complications. Diabetes 2018;67(Suppl 1):190-LB.

5.	 Dewi EU, Widari NP, Nursalam N, Mahmudah M, Sari E, Ning Y. 
The relationship between diabetes self-care management and 
blood glucose level among type 2 diabetes mellitus patients. Int 
J Public Heal Sci 2023;12:1165.

6.	 Sabahi A, Jalali S, Ameri F, Garavand A, Negahban A. The effect 
of using mobile health on self-management of type 2 diabetic 
patients: A  systematic review in Iran. J  Educ Health Promot 
2023;12:358.

7.	 Pleus S, Freckmann G, Schauer S, Heinemann L, Ziegler R, Ji L, 
et al. Self-monitoring of blood glucose as an integral part in the 
management of people with type 2 diabetes mellitus. Diabetes 
Ther 2022;13:829-46.

8.	 Schweiger  DS, Battelino  T. Introduction to SMBG. Glucose 
Monitoring Devices. Elsevier; 2020. p. 3-31.

9.	 Mogre V, Johnson NA, Tzelepis F, Paul C. Barriers to diabetic 
self-care: A qualitative study of patients’ and healthcare providers’ 
perspectives. J Clin Nurs 2019;28:2296-308.

10.	 Zandi  A, Dinpanah-Khoshdarehgi  H, Ebrahim-Madahi  M, 
Jamehri  F. Comparison of the effect of acceptance and 
commitment therapy and reality therapy on the self-care of 
diabetes type II patients. J Educ Health Promot 2023;12:364.

11.	 Sia H-K, Kor C-T, Tu S-T, Liao P-Y, Wang J-Y. Self-monitoring 
of blood glucose in association with glycemic control in newly 
diagnosed non-insulin-treated diabetes patients: A retrospective 
cohort study. Sci Rep 2021;11:1176.

12.	 Chowdhury S, Ji L, Suwanwalaikorn S, Yu N-C, Tan EK. Practical 
approaches for self-monitoring of blood glucose: An Asia-Pacific 
perspective. Curr Med Res Opin 2015;31:461-76.

13.	 Chircop  J, Sheffield  D, Kotera  Y. Systematic review of 
self-monitoring of blood glucose in patients with type 2 diabetes. 
Nurs Res 2021;70:487-97.

14.	 Yuan Y, Zhou X, Jia W, Zhou J, Zhang F, Du J, et al. The association 
between self-monitoring of blood glucose and HbA1c in type 2 
diabetes. Front Endocrinol 2023;14:1056828.

15.	 Nyomba BG, Berard L, Murphy LJ. The cost of self-monitoring 
of blood glucose is an important factor limiting glycemic control 
in diabetic patients. Diabetes Care 2002;25:1244-5.

16.	 Yuan  L, Guo  X, Xiong  Z, Lou  Q, Shen  L, Zhao  F, et  al. Self-
monitoring of blood glucose in type 2 diabetic patients in China: 
Current status and influential factors. Chin Med J 2014;127:201-7.

17.	 Al-Keilani  MS, Almomani  BA, Al-Sawalha  NA, Shhabat  BA. 
Self-monitoring of blood glucose among patients with diabetes 
in Jordan: Perception, adherence, and influential factors. Diabetes 
Res Clin Pract 2017;126:79-85.

18.	 Mbanya  JC, Aschner  P, Chan  JC, Gagliardino  JJ, Saji  J. 
Self-monitoring of blood glucose (SMBG) and glycaemic control 
in Cameroon: Results of the International Diabetes Management 
Practices Study (IDMPS). Diabetes Res Clin Pract 2017;126:198-201.

19.	 Farmer A, Balman E, Gadsby R, Moffatt J, Cradock S, McEwen L, 
et al. Frequency of self-monitoring of blood glucose in patients 
with type  2 diabetes: Association with hypoglycaemic events. 
Curr Med Res Opin 2008;24:3097-104.

20.	 Chan  JC, Gagliardino  JJ, Baik  SH, Chantelot J-M, Ferreira  SR, 
Hancu N, et al. Multifaceted determinants for achieving glycemic 



Mohammadi, et al.: Adherence to blood glucose self‑monitoring in diabetic type 2 patients

10	 Journal of Education and Health Promotion | Volume 15 | January 2026

control: The International Diabetes Management Practice 
Study (IDMPS). Diabetes Care 2009;32:227-33.

21.	 Vincze G, Barner JC, Lopez D. Factors associated with adherence 
to self-monitoring of blood glucose among persons with diabetes. 
Diabetes Educ 2004;30:112-25.

22.	 Hu Z-D, Zhang K-P, Huang  Y, Zhu  S. Compliance to self-
monitoring of blood glucose among patients with type 2 diabetes 
mellitus and its influential factors: A real-world cross-sectional 
study based on the Tencent TDF-I blood glucose monitoring 
platform. Mhealth 2017;3:25.

23.	 Charity  KW, Kumar  AM, Hinderaker  SG, Chinnakali  P, 
Pastakia SD, Kamano J. Do diabetes mellitus patients adhere to 
self-monitoring of blood glucose (SMBG) and is this associated 
with glycemic control? Experiences from a SMBG program in 
western Kenya. Diabetes Res Clin Pract 2016;112:37-43.

24.	 Martin  S, Schneider  B, Heinemann  L, Lodwig  V, Kurth H-J, 
Kolb H, et al. Self-monitoring of blood glucose in type 2 diabetes 
and long-term outcome: An epidemiological cohort study. 
Diabetologia 2006;49:271-8.

25.	 Shafiee  G, Gharibzadeh  S, Panahi  N, Razi  F, Arzaghi  SM, 
Haghpanah V, et al. Management goal achievements of diabetes 
care in Iran: Study profile and main findings of DiaCare survey. 
J Diabetes Metab Disord 2023;22:355-66.

26.	 Association  TCD. Self-monitoring of blood glucose  (SMBG) 
recommendation tool for healthcare providers. Can J Diabetes 
2013;37:S197–212.

27.	 Craig  CL, Marshall  AL, Sjostrom  M, Bauman  AE, Booth  ML, 
Ainsworth BE, et al. International physical activity questionnaire: 
12-country reliability and validity. Med Sci Sports Exerc 
2003;35:1381-95.

28.	 Statistical Center of Iran. Available form: https://www.amar.
org.ir/.

29.	 Zapata-Diomedi  B, Barendregt  JJ, Veerman  JL. Population 
attributable fraction: Names, types and issues with incorrect 
interpretation of relative risks. Br J Sports Med 2018;52:212-3.

30.	 Abebe A, Wobie Y, Kebede B, Wale A, Destaw A, Ambaye AS. 
Self-care practice and glycemic Control among type 2 diabetes 
patients on follow up in a developing country: A  prospective 
observational study. J Diabetes Metab Disord 2022;21:455-61.

31.	 World Bank Group. The World Bank in Ethiopia 2023. Available 
from: https://www.worldbank.org/en/country/ethiopia/
overview#1. [Last updated 2023 Sep 28].

32.	 Lin  M, Chen  T, Fan  G. Current status and influential factors 
associated with adherence to self-monitoring of blood glucose 
with type 2 diabetes mellitus patients in grassroots communities: 
A  cross-sectional survey based on information-motivation-
behavior skills model in China. Front Endocrinol (Lausanne) 
2023;14:1111565.

33.	 Wang X, Luo JF, Qi L, Long Q, Guo J, Wang HH. Adherence 
to self-monitoring of blood glucose in Chinese patients 
with type  2 diabetes: Current status and influential factors 
based on electronic questionnaires. Patient Prefer Adherence 
2019;13:1269-82.

34.	 Mogre V, Johnson NA, Tzelepis F, Shaw JE, Paul C. A systematic 
review of adherence to diabetes self-care behaviours: 
Evidence from low- and middle-income countries. J Adv Nurs 
2019;75:3374-89.

35.	 Tai JCJ, Wong LZ, Richardson A. Self-monitoring of blood glucose 
for patients with type 2 diabetes in primary care: A single-centre, 
10-year retrospective analysis. Cureus 2021;13:e15597.

36.	 Association  TCD. Self-Monitoring of Blood Glucose  (SMBG); 
Recommendation Tool for Health-care Providers Canada 
2018. Available from: https://guidelines.diabetes.ca/cpg/
chapter 9#sec2.

37.	 Benjamin EM. Self-monitoring of blood glucose: The basics. Clin 
Diabetes 2002;20:45-7.

38.	 NHS. self-monitoring blood glucose guidelines England 2017. 
Available from: https://www.england.nhs.uk/midlands/wp-
content/uploads/sites/46/2019/05/3-guidelines-on-smbg-use.
pdf.

39.	 Azizi F, Gouya MM, Vazirian P, Dolatshahi P, Habibian S. The 
diabetes prevention and control programme of the Islamic 
Republic of Iran. East Mediterr Health J 2003;9:1114-21.

40.	 Peykari N, Ghaemi F, Nasli E, Mahdavi Hazaveh AR, Yousefi E, 
Monji H, et al. Policy implications for diabetes prevention and 
control: An experience from Iran. Med J Islam Repub Iran 
2022;36:178.

41.	 Shahraz S, Saeedi Moghaddam S, Azmin M, Peykari N, Yoosefi M, 
Mohebi  F, et  al. Prevalence of diabetes and prediabetes, and 
achievements in diabetes control in Iran; The results of the STEPS 
of 2016. Arch Iran Med 2022;25:591-9.

42.	 Moström P, Ahlén E, Imberg H, Hansson P-O, Lind M. Adherence 
of self-monitoring of blood glucose in persons with type 1 diabetes 
in Sweden. BMJ Open Diabetes Res Care 2017;5:e000342.

43.	 Cosson E, Baz B, Gary F, Pharisien I, Nguyen MT, Sandre-Banon D, 
et al. Poor reliability and poor adherence to self-monitoring of 
blood glucose are common in women with gestational diabetes 
mellitus and may be associated with poor pregnancy outcomes. 
Diabetes Care 2017;40:1181-6.

44.	 Costa  V, Graça Pereira  M, Pedras  S. Partner support, 
social-cognitive variables and their role in adherence to self-
monitoring of blood glucose in type 2 diabetes. Eur Diabetes Nurs 
2012;9:81-6.

45.	 AlRasheed  AY, Hashim  H, Alrofaie  H. Adherence to 
self-monitoring of blood glucose and its related factors among 
type 2 diabetic patients attending Al-Ahsa primary health care 
centers in Saudi Arabia. Cureus 2024;16:e65545.

46.	 Nishimura  A, Harashima  SI, Hosoda  K, Inagaki  N. Long-
term effect of the color record method in self-monitoring of 
blood glucose on metabolic parameters in type  2 diabetes: 
A 2-year follow-up of the color IMPACT study. Diabetes Ther 
2018;9:1501-10.

47.	 Xu Y, Tan DHY, Lee JY. Evaluating the impact of self-monitoring 
of blood glucose frequencies on glucose control in patients with 
type 2 diabetes who do not use insulin: A systematic review and 
meta-analysis. Int J Clin Pract 2019;73:e13357.

48.	 Welschen LM, Bloemendal E, Nijpels G, Dekker JM, Heine RJ, 
Stalman WA, et al. Self-monitoring of blood glucose in patients 
with type  2 diabetes who are not using insulin: A  systematic 
review. Diabetes Care 2005;28:1510-7.

49.	 Farmer AJ, Perera R, Ward A, Heneghan C, Oke J, Barnett AH, 
et al. Meta-analysis of individual patient data in randomised trials 
of self monitoring of blood glucose in people with non-insulin 
treated type 2 diabetes. BMJ 2012;344:e486.

https://www.amar.org.ir/
https://www.amar.org.ir/
https://www.worldbank.org/en/country/ethiopia/overview#1
https://www.worldbank.org/en/country/ethiopia/overview#1
https://guidelines.diabetes.ca/cpg/chapter�9#sec2
https://guidelines.diabetes.ca/cpg/chapter�9#sec2
ttps://www.england.nhs.uk/midlands/wp-content/uploads/sites/46/2019/05/3-guidelines-on-smbg-use.pdf
ttps://www.england.nhs.uk/midlands/wp-content/uploads/sites/46/2019/05/3-guidelines-on-smbg-use.pdf
ttps://www.england.nhs.uk/midlands/wp-content/uploads/sites/46/2019/05/3-guidelines-on-smbg-use.pdf

