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Diabetes, a major non-communicable disease, presents challenges for healthcare systems worldwide.
Traditional regression models focus on mean effects, but factors can impact the entire distribution of
responses over time. Linear mixed quantile regression models (LQMMs) address this issue. A study
involving 2791 diabetic patients in Iran explored the relationship between Hemoglobin Alc (HbA1lc)
levels and factors such as age, sex, body mass index (BMI), disease duration, cholesterol, triglycerides,
ischemic heart disease, and treatments (insulin, oral anti-diabetic drugs, and combination). LQMM
analysis examined the association between HbA1lc and the explanatory variables. Associations
between cholesterol, triglycerides, ischemic heart disease (IHD), insulin, oral anti-diabetic drugs
(OADs), a combination of OADs and insulin, and HbA1lc levels exhibited varying degrees of correlation
across all quantiles (p <0.05), demonstrating a positive effect. While BMI did not display significant
effects in the lower quantiles (p>0.05), it was found to be significant in the higher quantiles (p <0.05).
The impact of disease duration differed between the low and high quantiles (specifically at the
quantiles of 5, 50, and 75; p <0.05). Age was discovered to have an association with HbAlc in the
higher quantiles (specifically at the quantiles of 50, 75, and 95; p <0.05). The findings reveal important
associations and shed light on how these relationships may vary across different quantiles and over
time. These insights can serve as guidance for devising effective strategies to manage and monitor
HbA1c levels.

Abbreviations
HbAlc  Hemoglobin Alc
LQMMs Linear mixed quantile regression models

BMI Body mass index

IHD Ischemic heart disease

OAD:s Oral anti-diabetic drugs

NCDs Non-communicable diseases

IDF International Diabetes Federation

MENA  Middle East and North Africa
DALY Disability-adjusted life year

In recent decades, non-communicable diseases (NCDs) have become a major health concern globally, with
diabetes being a leading cause of death among NCDs"?. The prevalence of diabetes has been rapidly increasing
due to various factors such as social, economic, demographic, and environmental influences. The number of
adults living with diabetes has more than tripled from 151 million in 2000 to 463 million in 2019, and projec-
tions indicate further increases to 578 million in 2030 and 700 million in 2045°. This rise is primarily attributed
to the increasing prevalence of type 2 diabetes, driven by factors such as obesity, unhealthy diets, and sedentary
lifestyles®. Diabetes is a major health issue in developing countries®. The increased prevalence of diabetes and
poor diabetes control in developing countries are contributing to the incidence of diabetes-related complications,
which are the most common causes of decreased quality of life, morbidity, and mortality*.
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The Middle East and North Africa (MENA) region has witnessed a significant increase in diabetes preva-
lence, ranking highest globally and projecting further growth by 2030°. This upward trend has contributed to a
rise in premature heart disease and stroke, necessitating preventive health policies. The IDF has estimated that
the MENA region will have the second-highest growth rate in the number of people with diabetes in the world,
projected to increase by 96.2% by 2035. Iran, similar to other countries in the region, has witnessed a comparable
trend characterized by urbanization, industrialization, and lifestyle changes, leading to an increased prevalence
of diabetes. Projections suggest that the population of individuals with diabetes in Iran is projected to reach 9.24
million by the year 20307. Among Iranian adult participants, the annual crude incidence rate of type 2 diabetes
(T2D) was 10 per 1000 person-years of follow-up. Additionally, the overall incidence rate of pre-diabetes/T2D
among youth was 36.3 per 1000 person-years, equivalent to around 1% each year®. The lifetime risk of diabetes
was reported approximately 58% for men and 61% for women, at the age of 20 in Iran’.

Hemoglobin Alc (HbA1lc) has been proposed as a useful tool for screening and diagnosing type 2 diabetes,
offering a reflection of glycemia over the previous 3-4 months!®!". Its measurement provides valuable informa-
tion for monitoring blood sugar control and predicting diabetes complications'®**. Specifically, a comprehensive
analysis revealed that a rise in Alc levels from 6 to 6.5% was associated with a higher occurrence of diabetes
over a five-year period, as indicated by a systematic review'. Diabetes is associated with various complications,
including early onset nephropathy and chronic kidney disease, diabetic retinopathy, and an increased risk of
cardiovascular disease. Overweight and obesity are some of the modifiable risk factors that contribute to the
rise in diabetes patients, and key lifestyle changes can be considered in prevention plans to address this issue'®.

Understanding the factors associated with HbA1c levels at different quantiles can contribute to more effective
interventions and prevention programs. Quantile regression, a statistical analysis method, allows for a compre-
hensive examination of the conditional distribution of a response variable, considering a range of explanatory
variables. It overcomes the limitations of traditional regression models by providing insights into effects that
would otherwise be overlooked. Quantile regression has gained recognition in health and medical studies, offer-
ing a realistic framework and eliminating the assumption of normality'®-2!.

Past research has predominantly concentrated on utilizing mean-based mixed regression to assess the impact
of various factors on HbAlc, thereby disregarding the possibility of variations across the complete distribu-
tion. Previous studies have primarily focused on mean-based mixed regression to determine effect of factors
on HbA1c*%, overlooking potential differences across the entire distribution. This study aims to investigate
whether the effects of covariates on HbA ¢ differ across different conditional quantiles (lower and upper tail and
middle part). By taking into account the longitudinal nature of the data, this analysis provides a comprehensive
understanding of how covariates affect the entire conditional distribution of HbAlc. The findings will contribute
to a better understanding of the relationship between factors and HbAlc, offering valuable insights for policy-
making and the development of prevention programs.

Results

The study enrolled a cohort of 2791 individuals diagnosed with diabetes, with an average age of 49.65+8.70 years.
The minimum age recorded at the beginning of the study was 30 years. The participants had an average disease
duration of 4.73 +4.57 years. Additionally, the average BMI among the participants was 28.41 +4.41. Among
them, 1748 (62.6%) were women. Approximately 51% and 60% of the participants had high levels of cholesterol
(=200) and triglyceride (= 150), respectively. Additionally, 1084 (56.3%) had a history of ischemic heart disease
(IHD). Furthermore, 8.7%, 3.7%, and 67.9% were treated with insulin, OADs, and a combination of OADs and
insulin, respectively. Overall, 91.3% of the participants did not follow any specific diet regime (Table 1). Fig-
ure 1 visually represents the spread of HbA1c levels throughout the duration of the follow-up period. Table 2
provides quantiles of HbA1C levels at different follow-up durations, indicating the range of values observed in
a follow-up duration. HbA1C percentiles, such as the 25th, 50th (median), 75th, and 95th, represent cutoffs
below which specific percentages of values fall. The results demonstrate how HbA1C changes over time, giving
insights into the average blood glucose levels and their distribution across various follow-up periods. The data
reveals a slight decrease in median HbA1C values as the follow-up duration increases, indicating an improve-
ment in blood glucose control.

The effects of various influential factors on HbAlc across different quantiles are presented in Table 3. Age
demonstrates a significant negative association with HbAlc¢ in the q50, q75, and q95 quantiles (p <0.001). There
is no statistically significant relationship between follow-up time and HbA1c for most quantiles, except for the
q25 quantile (p=0.045). In the q25 quantile, there is a statistically significant positive association, suggesting a
slight increase in HbA1c with longer follow-up time. There are no significant associations between sex and HbAlc
levels in any of the quantiles. The coeflicients are relatively small and not statistically significant, suggesting that
sex does not play a substantial role in determining HbAlc. BMI shows a significant positive association with
HbAlc in median and higher quantiles (p <0.001). This indicates that higher BMI values are associated with
higher HbA1c levels across the distribution, suggesting a link between body weight and HbA1c. Cholesterol,
triglyceride, ischemic heart disease (IHD), insulin, OADs, and the combination of OADs plus insulin demon-
strated significant associations across all quantiles (p <0.001).

The interaction terms between follow-up duration and each variable provide insights into how the relation-
ships evolve over time. In general, the coeflicients for the follow-up duration interactions are negative, indicating
a decreasing effect over time. However, not all interaction terms are statistically significant. The interaction terms
involving follow-up duration and age, sex, and BMI do not consistently show statistically significant associations
with HbAlc across the quantiles, except for the third quartile where a significant and noteworthy interaction
effect between follow-up duration and sex was observed (p=0.026). This suggests that, within this specific quan-
tile, the decline in HbA1c levels over time is comparatively less noticeable in females when compared to males.
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Variables Frequency | Percent
Sex

Male 1043 37.4
Female 1748 62.6
Cholesterol (mg/dl)

<200 1128 49.3
=200 1160 50.7
Triglyceride (mg/dl)

<150 921 40.3
>150 1367 59.7

Insulin therapy
No 2657 96.3
Yes 101 3.7

Oral antidiabetic drugs
No 884 32.1
Yes 1874 67.9

Oral antidiabetic drugs plus Insulin

No 2215 80.3
Yes 543 19.7
Diet

No 2518 91.3
Yes 240 8.7
Ischemic heart disease

No 1084 56.3
Yes 843 43.7

Table 1. Baseline characteristics of subjects.
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Figure 1. The distribution of HbA1c levels across the follow-up duration.

In the 95th quantile, a statistically significant positive interaction between time and BMI was observed,
indicating that the influence of BMI on HbAIc levels becomes increasingly prominent as the follow-up dura-
tion progresses. Additionally, across all quantiles, there was a positive interaction between disease duration and
follow-up duration, signifying that as the follow-up duration extends, the association between disease duration
and HbA1c levels becomes more prominent. Across all quantiles, there was a significant negative interaction
effect between cholesterol and follow-up duration. This suggests that the positive impact of cholesterol on HbAlc
levels diminishes as the follow-up duration increases. Furthermore, in the 95th quantile, the negative interaction
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Quantiles of HbA1C (%)

Follow-up duration (year) 5 25 (50 |75 |95

1 52 |67 |80 |94 |11.7
2 50 |62 |73 |87 |11.1
3 51 |63 |73 |86 |108
4 52 |63 |73 |85 |10.7
5 52 |63 |73 |84 |10.6
6 53 |64 |73 |85 |104
7 54 |65 |74 |86 |10.8
8 54 |65 |73 |84 |10.6
9 54 |65 |73 |86 |105
10 55 |65 |73 |85 |105
11 57 |6.6 |75 |85 |10.5
12 54 |67 |75 |83 9.9
13 55 |66 |68 |78 |10.8

Table 2. HbA1C levels at different quantiles over a follow-up duration. The table provides data on HbA1C
levels at different quantiles over a follow-up duration of several years. Each row represents a specific year, while
the columns represent the quantiles of HbA1C levels: 5th, 25th, 50th (median), 75th, and 95th.

between time and triglyceride signifies a diminishing positive impact of triglyceride over the course of follow-up
duration. Additionally, the negative and significant interaction effect between insulin and follow-up duration
suggests that the positive influence of insulin on HbA1c decreases as follow-up duration progresses in the middle
and higher quantiles. Based on the negative interaction effect between OADs and follow-up duration, the positive
impact of OADs diminishes as time progresses in the 95th quantile. Additionally, the interaction effect between
IHD and follow-up duration was negative in the 5th, 25th, and 95th quantiles, indicating a declining positive
effect of IHD on HbA1c over time. Furthermore, across all quantiles, the interaction effect between follow-up
duration and OADs plus insulin was significantly negative, implying a decreasing positive effect of OADs plus
insulin on HbA1c as follow-up duration increases (Table 3).

The effect of all variables on HbAlc across different quantiles is depicted in Fig. 2. According to this figure,
the impact of variables varies across quantiles of HbAlc. The declining effect of age exhibited an increasing
trend over time, particularly pronounced at higher levels of HbAlc. Both BMI and triglyceride showed increas-
ing effects over time, with greater increases observed at elevated HbAlc levels. Conversely, the effects of IHD,
OADs, OADs plus insulin, and insulin demonstrated a decreasing trend over time, and this decline was more
prominent at higher levels of HbAlc. The increasing effect of cholesterol diminished over time, especially notice-
able at lower HbAlc levels. Additionally, the disease duration had a substantial impact on both low and high
HbAIc levels, but its influence weakened over time in the upper and lower percentiles compared to changes in
the middle percentiles.

Discussion

The analysis of linear mixed quantile regression has yielded valuable insights into the relationships between
various variables and HbAlc levels across different quantiles. These findings contribute to our understanding
of the strength, direction, and potential changes in these relationships over time. Initially, the analysis revealed
a significant negative association between age and HbA1c levels in the q50, q75, and q95 quantiles. These find-
ings suggest that as individuals age, higher quantiles of HbAlc tend to decrease. However, it is important to
note that age alone may not be the sole determining factor, and other factors such as lifestyle, diet, and genetic
predisposition should also be taken into account. Regarding gender, no significant connections between sex
and HbA1lc levels across the quantiles were identified in the analysis. The small coefficients lacking statistical
significance indicate that sex does not play a substantial role in determining HbA1c levels. This suggests that
both men and women may have similar HbA1c levels, highlighting the need to examine other factors when
assessing and managing HbAlc levels.

BMI demonstrated a significant positive correlation with HbAlc across all quantiles. This finding indicates
that higher BMI values are associated with higher HbA1c levels across the entire distribution. The link between
body weight and HbA 1c suggests that weight management and maintaining a healthy BMI could potentially help
in managing blood sugar levels and reducing the risk of developing metabolic disorders.

Furthermore, the study findings highlight the significance of cholesterol, triglyceride, ischemic heart disease
(IHD), insulin, oral antidiabetic medications (OADs), and the combination of OADs plus insulin in relation to
HbAIc levels. These associations were observed across all quantiles, indicating their relevance in managing glyce-
mic control in individuals with diabetes. These results emphasize the importance of comprehensive management
strategies that address lipid profiles, cardiovascular health, and appropriate medication therapies to achieve opti-
mal glycemic control and improve overall health outcomes in individuals with diabetes. Lipid abnormalities com-
monly occur in individuals with diabetes mellitus due to insulin resistance and related complications**. Achieving
optimal glycemic control and improving insulin sensitivity are crucial in mitigating the risk of diabetes-related
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q5 q25 q50 q75 q95
Variables Coefficient (SE) | pvalue | Coefficient (SE) | p value | Coefficient (SE) | p value | Coefficient (SE) p value | Coefficient (SE) p value
Constant 4.0670 (0.2055) | <0.001 | 5.1325(0.2534) | <0.001 | 6.5174(0.2701) | <0.001 | 7.8044 (0.2765) | <0.001 | 9.2559(0.2137) | <0.001

Follow-up duration

(year) 0.0446 (0.0524) 0.395 | 0.1181 (0.0589) 0.045 | 0.0597 (0.0620) 0.335 | — 0.0947 (0.0609) 0.120 | - 0.0327 (0.0431) 0.448
Age (year) 0.0013 (0.0023) 0.586 | — 0.0029 (0.0028) 0.301 | - 0.0107 (0.0032) 0.001 | —0.0200 (0.0032) | <0.001 | —0.0303 (0.0024) | <0.001
Sex (female) —0.0345 (0.0425) 0417 | 0.0422 (0.0540) 0434 | 0.0047 (0.0606) 0.938 | - 0.0929 (0.0587) 0.114 | - 0.0058 (0.0460) 0.900
BMI (kg/m?) 0.0061 (0.0049) 0.211 | 0.0084 (0.0058) 0.147 | 0.0233 (0.0062) | <0.001| 0.0262(0.0064) | <0.001| 0.0231(0.0047) | <0.001
Disease duration (year) |  0.0105 (0.0037) 0.004 | — 0.0016 (0.0049) 0.748 | - 0.0115 (0.0054) 0.032 | - 0.0126 (0.0055) 0.022 | 0.0053 (0.0046) 0.242
Chol (mg/dl) 0.3925(0.0325) | <0.001 | 0.4940(0.0405) | <0.001 | 0.4808(0.0440) | <0.001 | 0.6411(0.0414) | <0.001 | 0.7822(0.0352) | <0.001
TG (mg/dl) 0.2088 (0.0318) | <0.001 | 0.2716(0.0393) | <0.001 | 0.2261(0.0436) | <0.001 | 0.2355(0.0420) | <0.001 | 0.1829(0.0352) | <0.001
IHD 0.1411 (0.0380) | <0.001 | 0.0987 (0.0475) 0.038 | 0.1619 (0.0510) 0.002 | 0.1487 (0.0518) 0.004 | 0.1801 (0.0424) | <0.001
Insulin therapy 0.7540 (0.1310) | <0.001 | 1.0997 (0.1683) | <0.001 | 1.2855(0.1698) | <0.001 | 1.4348(0.1769) | <0.001 | 1.6924 (0.1739) | <0.001
OADs 0.4865 (0.0739) | <0.001 | 0.6488(0.0867) | <0.001 | 0.4608 (0.1086) | <0.001 | 0.6122(0.1065) | <0.001 | 1.0480(0.0820) | <0.001
OAD:s plus insulin 0.9996 (0.0817) | <0.001 | 1.5725(0.1001) | <0.001 | 1.6636(0.1170) | <0.001 | 1.9412(0.1188) | <0.001 | 2.3278(0.0923) | <0.001

Follow-up duration
* age

—0.0003 (0.0005) 0.572 | = 0.0011 (0.0006) 0.080 | —0.0005 (0.0007) 0.482 | —0.0005 (0.0007) 0.502 0.0007 (0.0005) 0.198

Follow-up duration

‘e 0.0133 (0.0101) 0.187 | 0.0021 (0.0120) 0.861 | 0.0074 (0.0129) 0.566 | 0.0303 (0.0136) 0.026 | - 0.0188 (0.0105) 0.073
F ‘1’3111\‘/’[‘1"'“? duration ~0.0001 (0.0012) 0.964 | - 0.0004 (0.0012) 0.776 | - 0.0023 (0.0013) 0.071 | 0.0002 (0.0014) 0.861 | 0.0049 (0.0010) | <0.001
g;’sli‘;ye’(;‘fri‘i‘;ﬁo“ ’ 0.0019 (0.0008) 0.021 | 0.0054(0.0010) | <0.001 | 0.0078(0.0010) | <0.001 | 0.0094 (0.0010) | <0.001 | 0.0025 (0.0009) 0.004
F "Cué’;f'“p duration ~0.0540 (0.0080) | <0.001 | —0.0620 (0.0095) | <0.001 | —0.0592(0.0100) | <0.001 |- 0.0666 (0.0095) | <0.001 | —0.0221 (0.0082) 0.007
F "TH(‘;’W'“P’ duration ~0.0106 (0.0075) 0.156 | — 0.0073 (0.0086) 0.400 | 0.0073 (0.0094) 0434 | 0.0111 (0.0091) 0224 | 0.0331(0.0077) | <0.001
F ‘I’g‘;‘)”'up duration — 0.0252 (0.0090) 0.005 | — 0.0206 (0.0102) 0.044 | - 0.0173 (0.0110) 0.115 | - 0.0107 (0.0116) 0.358 | — 0.0236 (0.0094) 0.012
f}fsllll‘l’i‘”r’l'gifau;y““"“ * 0.0015 (0.0292) 0.958 | - 0.0601 (0.0391) 0.125 | - 0.1360 (0.0409) 0.001 | - 0.0901 (0.0439) 0.040 | - 0.1003 (0.0337) 0.003
Follow-up duration ~0.0074 (0.0161) 0.647 | - 0.0301 (0.0212) 0.156 | 0.0018 (0.0219) 0.935 | 0.0089 (0.0217) 0.684 | — 0.0521 (0.0166) 0.002

*OAD

Follow-up duration *
OADs plus insulin

-0.0727 (0.0181) <0.001 | —0.1346 (0.0237) <0.001 | —0.1365 (0.0238) <0.001 | —0.1495 (0.0242) <0.001 | —0.1633 (0.0184) <0.001

Table 3. Estimated coeflicients and standard errors (SE) of variables across various quantiles of HbA1C. BMI
Body mass index, Chol Cholesterol, TG Triglyceride, IHD Ischemic heart disease, OADs Oral anti-diabetic
drugs. The table displays the estimated coefficients and standard errors (SE) of different variables across
various quantiles, based on linear mixed quantile regression. The dependent variable is HbA1lc. Each row
corresponds to a specific variable, and each column represents a quantile (g5, q25, q50, q75, and q95). The
coefficients reveal the direction and magnitude of the relationship between each variable and HbAlc within
each quantile, while the standard errors provide an indication of the precision of the estimates.

complications®. Several studies have reported significant associations between cholesterol and triglyceride levels
with HbA1c levels. A longitudinal study reported significant associations between cholesterol and triglyceride
levels with HbA1c levels®. Furthermore, another cross-sectional study observed a positive association between
triglyceride levels and HbA1c?. Additionally, another study found a positive association between HbAlc and
high triglyceride levels””. Furthermore, the results of other studies indicate patients with poor glycemic control
demonstrated higher levels of total cholesterol, low-density triglycerides. These lipid profile findings were sig-
nificantly correlated with HbA1c levels.

In one cross-sectional study, it was found that total cholesterol was not significant in good glycemic control
(HbA1c<7.0%) and poor glycemic control (HbAlc>7.0%)%. Discrepancy in this finding may stem from dis-
similarities in the characteristics of the study populations and variations in the analytical approaches utilized.

Managing weight is essential in preventing diabetes mellitus (DM), particularly in relation to abdominal
obesity?$-*. Obesity can impair insulin sensitivity by damaging insulin receptors and p-cell function in the
pancreas®2,

A specific retrospective cross-sectional study, the results demonstrated a significant positive association
between HbAlc and TG levels based on the correlation coefficient. Additionally, their study utilized linear regres-
sion analysis, which indicated that HbAlc values were associated with TG levels and were independent of factors
such as age, BMI, total cholesterol, and fasting blood glucose (FBG) levels®. In a separate investigation, it was
noted that among males, it was observed that for males, there was a positive association between BMI and FBG
across a wide range of values. However, this relationship weakened as the regression coefficient declined. Age
consistently displayed a positive association with FBG across all quantiles, showing a slight upward trend. TG
also showed a positive correlation with FBG in males. Similarly, for females, BMI showed a positive relationship
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Figure 2. Estimated effects (solid line) and 95% confidence intervals (dashed lines) of various variables on
HbA1C across different quantiles.

with FBG in the lower and middle quantiles. Age displayed a consistent and increasing positive association with
FBG across all quantiles in females as well**. However, in higher quantiles, the effect of age in our study was
negative, which contradicts the findings of a previous study. This inconsistency may be attributed to differences
in the characteristics of the study populations. Our study focused specifically on diabetic patients, whereas the
mentioned study encompassed the general population. Furthermore, the outcomes can be influenced by factors
such as the duration of the disease and the treatments administered.
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Figure 2. (continued)

One study indicated a connection between higher HbA1c levels and increased BMI in childhood and adult-
hood. Greater BMI gains during early life were associated with a higher likelihood of HbA1lc exceeding 7% later
in adulthood. While the relationship between BMI gains in adulthood and HbA1c levels was influenced by the
achieved BMI, it remained significant over a long period, indicating an independent effect®®. Previous research
has also highlighted the relationship between obesity and impaired blood sugar control*. Furthermore, our find-
ings align with previous studies that have demonstrated positive associations between HbA1c and cardiovascular
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disease in individuals with diabetes*. These connections emphasize the importance of monitoring and managing
HbAIlc levels in relation to cardiovascular health.

In general, these findings differentiate risk factors across the spectrum of low to high HbAlc levels. In
certain scenarios, it is crucial to differentiate individuals with diabetes who have extremely low or high HbAlc
levels from those with intermediate levels. This distinction is essential for identifying influential factors for low,
intermediate, and high values of HbAlc in diabetes management. Previous studies have employed linear mixed
models for this purpose?>?, but these models were constrained in their ability to elucidate the effects of factors
on the entire distribution of the response variable. However, it is vital to acknowledge the limitations of this
study and take into account the specific characteristics of the population being studied when interpreting these
findings. Further research and validation studies are necessary to confirm and expand upon these results, as
well as to explore potential underlying mechanisms contributing to the observed associations. Moreover, in this
study, we did not provide explicit information regarding the dietary patterns of the participants. Additionally,
we did not investigate the mental and emotional state of the individuals, which has been recognized in previous
research as an influential factor affecting high levels of fasting blood sugar (FBS) and HbAlc. Furthermore, the
role of genetic factors, which are also significant, was not assessed. Future research endeavors should consider
evaluating these factors to gain deeper insights and develop a more comprehensive understanding of their impact
on FBS and HbAc levels.

In conclusion, the results of our study underscore the relationships between age, cholesterol, triglyceride,
ischemic heart disease, insulin, OADs, and OADs plus insulin with HbA1c levels across different quantiles. BMI
is positively associated with high HbA1c levels. These findings highlight the importance of considering these
factors in diabetes management and emphasize the importance of recognizing the differential impact of risk
factors on patients with different HbA1c levels for both public health planning and patient assessment.

Methods

A retrospective study based on a sample of 2791 with diabetes who had been referred to Isfahan Endocrine
and Metabolism Research Center during 2000-2012 was conducted. Characteristic information of individuals
registered in this center, who have Type 2 Diabetes Mellitus (T2DM), was extracted from the center’s database?.
This study exclusively included subjects who had a minimum of three measurements. The patients included in
the study were those who had been diagnosed with type 2 diabetes and were aged 30 years or older. They were
required to have at least three measurements taken, with one measurement recorded each year. Each measure-
ment documented the HbA1c test results. To identify individuals with diabetes, the criteria used were in accord-
ance with the American Diabetes Association guidelines, which included fasting plasma glucose levels of 126 mg/
dl or higher, an oral glucose tolerance test result of 200 mg/dl or higher, random glucose levels of 200 mg/dl or
higher, and the presence of symptoms?®.

Outcome and covariates

The central objective was to evaluate HbAlc levels as a primary outcome of interest. The variables of age (in
years), sex, body mass index (BMI in kg/m?), disease duration (in years), cholesterol (categorized as less than
200 mg/dl as normal values and equal to or greater than 200 mg/dl)***, and triglyceride (categorized as less
than 150 mg/dl as normal levels and equal to or greater than 150 mg/dl)*, as well as ischemic heart disease
(IHD), also known as chronic coronary syndrome, were included as covariates. Furthermore, insulin therapy,
oral anti-diabetic drugs (OADs) (including all antidiabetic drugs), and the combination of OADs and insulin
were included as additional covariates in the model.

BMI was determined by dividing the weight in kilograms by the square of the height in meters. The measure-
ments were taken while patients were wearing light clothing and no footwear, utilizing a Seca stadiometer*2. Blood
samples were obtained from all participants after a period of fasting for 10-12 h. The levels of lipid profile were
determined using an enzymatic colorimetric method (ParsAzmoon, Tehran, Iran) on a Selectra-2 auto-analyzer
(Vital Scientific, Spankeren, Netherlands), which was specifically adapted for this analysis*. The duration of dia-
betes was calculated from the baseline examination, estimated based on the first abnormal laboratory report or
the date of diabetes-related treatment, and tracked throughout the follow-up period. BMI and sex were regarded
as time-constant variables, based on the baseline measurement, while the other variables were considered as
time-varying. Although age and disease duration were initially measured at baseline, for each subsequent year
of follow-up, the baseline values were incremented by one.

Statistical methods. In longitudinal studies, multiple measurements are gathered for individuals over a
period of time. The main objective is often to identify changes in the response over time and the associated fac-
tors that influence these changes. The effects of these factors can be associated with both the overall level and the
pattern of the response distribution over time. The study utilized the linear quantile mixed models (LQMM)* to
examine the impact of covariates on the response at different quantiles of the HbA1lc distribution. LQMM allows
for the inclusion of both random effects and fixed effects in the model, serving as an extension of both quantile
regression (QR) and linear mixed models. LQMM offers flexibility in investigating the effects of covariates on
the entire conditional distribution of the response, while also accounting for the dependency between measure-
ments from the same subjects. In the LQMMs, the quantiles of the outcome variable were modeled as a function
of the covariates. The model is represented in the following manner:

ri =XiBE + Ziu;,
i=12...,n
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where g(¥) is a vector of unknown fixed effects in the rth quantile. Furthermore, u; is a p-dimension vector of
random effects. It is assumed the #; to be a zero-median random vector. It is independent from the model’s error
term. Also, X; and Z; represent the design matrix of fixed and random effects of subject i, respectively.

The matrix formulation of 7th LQMM is given by:

y=p® 4@,
where:
1™ =X, + Zu.

The data analysis was performed using R software version 4.1.2*°. The significance level was set at a p value
of less than 0.05 to determine statistical significance.

Ethical approval and consent to participate. The data used in this study were secondary data and there
is no access to patients’ names to obtain consent. A waiver of informed consent was awarded for the analyses
conducted in this study by the ethics committee of Kerman University of Medical Sciences. All methods were
carried out in accordance with relevant guidelines. This study was approved by Ethics Committee of the Kerman
University of Medical Sciences. The ethical code for this study is IRKMU.REC.1401.500.

Data availability

The data that support the findings of this study are available from Abbas Bahrampour (Email: a_bahrampour@
kmu.ac.ir) but restrictions apply to the availability of these data, which were used under license for the current
study, and so are not publicly available. Data are however available from the authors upon reasonable request
and with permission of the first author.
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