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INTRODUCTION

ABSTRACT

Aims/Introduction: To estimate the prevalence of meeting American Diabetes Associ-
ation clinical practice recommendations for hemoglobin Alc (HbA1c), blood pressure (BP)
and low-density lipoprotein cholesterol (LDLC) among Iranian type 2 diabetes clinic
attendees, and to identify the factors associated with therapeutic target achievement.
Materials and Methods: A total of 2,640 patients with type 2 diabetes (944 men and
1,696 women) from Isfahan Endocrine and Metabolism Research Center outpatient clinics,
Iran, were examined. The main outcome measures were HbATc, BP and LDLC, in accor-
dance with the American Diabetes Association recommmendations. The mean (standard
deviation) age of participants was 49.6 years (9.3 years) with a mean (standard deviation)
duration of diabetes of 5.0 years (4.9 years) at initial registration.

Results: The percentages of patients who had HbATc <7%, BP <140/90 mmHg and
LDLC <100 mg/dL was 374% (95% confidence interval [Cl] 35.6-39.3), 35.3% (95% Cl
33.5-37.3) and 489% (95% ClI 47.0-50.8), respectively. The proportion of patients meeting
all three goals was 7.7% (95% Cl 6.7-8.8). Lower BP, cholesterol level and higher education
at registration, and higher follow up but lower number of follow-up visits affected
achievement of all three goals.

Conclusions: The present study highlights that a substantial proportion of Iranian type
2 diabetes clinic attendees did not meet the American Diabetes Association clinical prac-
tice recommendations, and shows the difficult challenges physicians face when treating
patients with type 2 diabetes.

and the availability of evidence-based guidelines and vast

The goal of management of type 2 diabetes is improving the
efficiency of diabetes care, and to maintain blood glucose, blood
pressure (BP) and cholesterol levels in the near-normal range
to prevent vascular complications associated with type 2 diabe-
tes, improving their chances of survival as well as their quality
of life. It is well established that improved BP, lipid and glyce-
mic control lead to a decrease in development and progression
of vascular complications' *. Therefore, the American Diabetes
Association (ADA) recommends that patients with type 2 dia-
betes achieve a hemoglobin Alc (HbAlc) <7%, BP <140/
90 mmHg and low-density lipoprotein cholesterol (LDLC)
<100 mg/dL’. Despite these clinical practice recommendations,
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knowledge about the complications of diabetes, clinical goals
for diabetes outcomes are not being achieved in routine care as
a result of insufficient treatment, continuously progressing char-
acteristic of diabetes, changing life styles, various causes of dia-
betes and so on>>””. Although abundant studies have
examined the ADA recommendations for clinical practice for
HbAlc, BP and LDLC in cross-sectional reports, mostly in
developed countries, just a few studies have reported the results
of a longitudinal analysis on the proportion of patients achiev-
ing all three goals in clinical practice settings, and none of them
were undertaken in Middle Eastern countries and in Iranian
patients with type 2 diabetes receiving routine care.

There is also limited information about which patient charac-
teristics are associated with poorer control of BP, lipid and gly-
cemia. Information on predictors of poor control of these risk
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factors can lead to identification of patients who might have
more difficulty controlling their diabetes.

The primary objectives of the present study, therefore, were
to estimate the proportion of patients with type 2 diabetes
meeting HbAlc, BP and LDLC goals in accordance with the
ADA recommendations, and to identify the factors associated
with therapeutic target achievement using routinely collected
data from a clinical information system for diabetes at Isfahan
Endocrine and Metabolism Research Center, Iran. Our hypoth-
esis was that in adult patients with type 2 diabetes, HbAlc, BP
and LDLC are not sufficiently controlled. The present study
could also serve as a platform for future comparison with other
studies and with the results obtained in other parts of Iran.

PATIENTS AND METHODS

Data Source

The present study was a prospective registry analysis that
used data from the clinical information system at Isfahan
Endocrine and Metabolism Research Center, Iran, an ongoing
data collection initiative in central Iran to collect, analyze
and disseminate data in a standardized manner. The recruit-
ment methods and examination procedures of the Isfahan
Endocrine and Metabolism Research Center outpatient clinics
have been described before®. Briefly, clinical data were col-
lected for all consecutive patients at the first attendance and
at review consultations (usually annually) using standard
encounter forms. These included an examination of ocular
fundus, lens, limbs and BP, and construction of a problem
list by the clinician, including measurement of height, weight,
fasting plasma glucose (FPG), HbAlc, urine protein, triglycer-
ide, cholesterol, LDLC, high-density lipoprotein cholesterol
and serum creatinine, and reporting of smoking as part of a
completed questionnaire on demography, family history and
smoking by the patient.

All patients were referred for the diabetes education program
after the start of the therapy by qualified nutritionists. The dia-
betes education classes included six 2-h classes emphasizing the
importance of carbohydrate counting, exercise, oral and inject-
able medications, and microvascular and macrovascular compli-
cations of diabetes. The mechanisms of actions of diabetes
medications along with proper dosing and use were reviewed,
the definition and proper treatment for hypoglycemia were
explained, and the importance of exercise and proper foot care
were described. A computerized patient registry provided data
on patient characteristics, medications and laboratory values.

Patients

Between 1992 and 2013, a total of 15,347 patients with gesta-
tional diabetes, and type 1 and type 2 diabetes were registered
in the system. Type 1 diabetes and women with diabetes diag-
nosed only during pregnancy were excluded. In order to be
included in the analyses, a patient had to have >2 HbAlc, BP
and LDLC measurements. However, the present study used
data for just 2,640 (944 (35.8%) men and 1,696 (64.2%)
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women) patients with type 2 diabetes for whom complete data
were available.

Predictors of controlled BP, lipid and HbAlc (measured by
ion-exchange chromatography) were assessed using the follow-
ing data from the patient’s registration consultation: sex, age at
diagnosis, age, educational level, time since diagnosis of diabe-
tes, body mass index (BMI; weight/height” [kg/m’]), smoking
status (never, current), FPG, serum creatinine, triglyceride, cho-
lesterol, high-density lipoprotein cholesterol (measured using
standardized procedures), LDLC (calculated by the Friedwald
equation14) and BP (systolic and diastolic) at initial registration,
and the number of follow-up visits and follow-up duration.

Height (assessed at baseline only) and weight were measured
with participants in light clothes and without shoes using stan-
dard apparatus. Weight was measured to the nearest 0.1 kg on
a calibrated beam scale. Height was measured to the nearest
0.5 cm with a measuring tape. A physician measured the sys-
tolic and diastolic BPs of seated participants after they had been
seated for 10 min by using a mercury column sphygmoma-
nometer and standard techniques.

The study was carried out in accordance with the guidelines
proposed in the World Medical Association Declaration of
Helsinki of 1975, as revised in 2008°, and was approved by the
institutional review board of Isfahan University of Medical
Sciences, Iran. Informed consent was obtained from all patients
included in the study.

Definitions

HbA1Ic level of <7% (<53 mmol/mol), BP <140/90 mmHg and
LDLC <100 mg/dL was used to show optimal glycemic, BP
and LDLC control; this benchmark was established by the
recent ADA as the clinical practice recommended target’.
Smoking was estimated from self-report, and categorized in
current and non-smokers.

The physician defined diabetes as FPG >200 mg/dL or phar-
macological treatment. If FPG was >126 mg/dL and <200 mg/
dL, a second FPG was measured on another day. If the second
FPG was also >126 mg/dL, participants were considered as per-
sons with type 2 diabetes. Those with FPG <126 mg/dL under-
went a standard oral glucose tolerance test (75-g glucose 2 h),
and if FPG was >126 and/or 2-h plasma glucose was >200 mg/
dL, patients were considered to have type 2 diabetes'’.

Statistical Analysis

Statistical methods used included the descriptive statistics for
continuous variables and percentages for categorical variables,
Student’s t-test (for normally distributed variables), Mann—
Whitney U-test (for not normally distributed variables), ¥ >-test,
forward stepwise multiple logistic regression model to deter-
mine independent predictors of optimal BP, LDLC and HbAlc,
and all three goals were attained using spss version 18.0 for
Windows (SPSS Inc., Chicago, IL, USA), which simultaneously
adjusts for other covariates. For multiple logistic regression
analysis, age, age at diagnosis of diabetes, FPG, systolic BP,
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total cholesterol, triglyceride, BMI, years since diabetes diagno-
sis, follow-up period and number of follow-up visits were
included as continuous variables. BP, LDLC, HbAlc and sex
were included as dichotomous variables. Educational level (less
than high school, high school and college graduate) were
included as trichotomous variables, and therapeutic regimen
(diet, oral agent, insulin, and insulin and oral agent) as quadri-
chotomous variables. Four separate models were constructed
using the following dependent variables: achievement of (i) BP
<140/90; (ii) HbAlc <7; and (iii) LDLC <100; and all three
goals at last clinic visit. Age-adjusted means were calculated
and compared using general linear models. We used non-over-
lapping 95% confidence intervals (CI) as an indicator of signifi-
cance and did not adjust for multiple testing, because this
could have led to misinterpretation of the data'’. All statistical
tests were two-sided, and P < 0.05 was considered statistically
significant.

RESULTS

Characteristics

Patients had mean (standard deviation) duration of diabetes
5.0 years (4.9 years) and mean age of 49.6 years (9.3 years) at
initial registration. The average time of follow up was
10.9 years (4.3 years) (range 4-20 years). The average number
of follow-up visits was 34.1 times (20.3 times; range 4-114 vis-
its). A total of 23.6% of men and 1.3% of women were smok-
ing. The mean (standard deviation) BMI was 282 kg/m’
(4.5 kg/m®). Most of the patients at enrolment were obese or
overweight (77.3%).

The characteristics of patients at initial registration and last
clinic visit are presented in Table 1. Patients at the last clinic
visit had higher weight, BMI and creatinine, and had lower
FPG, HbAlc, triglyceride, cholesterol, LDLC and systolic BP
than at initial registration (P < 0.001). The frequency of insulin
use was higher at the last clinic visit, whereas the frequency of
hypoglycemic medication and diet was lower at the last visit. A
total of 44.9% of all patients were using hypoglycemic medica-
tion, and 45.8% were treated with insulin (including 32.0%
who used both insulin and oral agents) by the last visit. A total
of 19.2% of the patients had systolic BP >140 mmHg, 58% had
diastolic BP >90 mmHg and half of the patients (50.5%) had
LDLC >100 mg/dL. A total of 62.6% of patients had HbAlc
>7%, and 14.0% of participants had HbAlc levels that were
higher than 9.5% at the last clinic visit. The mean (standard
deviation) of HbAlc was 7.7% (1.8), and FPG was 155.3 mg/
dL (56.8 mg/dL) by the last clinic visit. The proportion of
patients meeting individual (except BP) and all three goals
increased significantly at the last clinic visit. The proportion of
patients with normal weight (BMI <25 kg/m®) decreased during
the study period.

Prevalence of Achieved Individual and Triple Goals
Of the 2,640 patients with type 2 diabetes, 988 had HbAlc
<7% (37.4%; 95% CI 35.6-39.3), 932 had BP <140/90 mmHg

http://onlinelibrary.wiley.com/journal/jdi

(35.3%; 95% CI 33.5-37.1) and 1,201 had LDLC <100 mg/dL
(45.5; 95% CI 43.6-47.4) at the last clinic visit (Table 1).

The proportion of attainment of all three therapeutic target
achievements was 7.7% (n = 204; 95% CI 6.7-8.8). The propor-
tion of attainment of two goals was 44.0% (n = 1,161; 95% CI
42.1-45.9), one goal 78.2% (n = 2,065; 95% CI 76.6-79.8) and
21.8% (n = 575; 95% CI 20.2-23.4) did not meet any of the
three goals.

Factors Associated With Individual and Triple Target
Achievement

To determine the influence of potential factors on meeting each
goal, univariate analysis was first carried out (Table 2). An age-
adjusted analysis showed that those with HbAlc >7% were
younger at diabetes diagnosis, and had a higher duration of
diabetes, FPG, HbAlc, cholesterol and LDLC, were taking an
oral agent or insulin treatment, and had lower education at ini-
tial registration. Those with BP >140/90 mmHg were older and
older at diabetes diagnosis, women, and had a higher BMI, BP,
HbAlc, triglycerides, cholesterol and LDLC, but a lower level
of education at initial registration. Those with LDLC >100 mg/
dL were women, and had a higher HbAlc, cholesterol and
LDLC, but lower high-density lipoprotein cholesterol at initial
registration.

Table 3 shows the group means (standard error) and pro-
portions for those patients with type 2 diabetes who attained all
of the three goals and attained some goals. Those who attained
all of the three goals were more likely to be men, and had
lower systolic and diastolic BP, FPG, HbAlc, cholesterol, tri-
glyceride, and LDLC, and had a higher educational level at ini-
tial registration. Those who attained all of the three goals had a
higher proportion of oral agent use, but a lower portion of
insulin use at the last clinic visit.

The prevalence of attaining some goals was also analyzed
with a multivariate model. Multiple logistic regression showed
that high school education (odds ratio [OR] 1.69, 95% CI 1.09—
2.69), higher systolic BP (OR 1.01, 95% CI 1.002-1.023) and
cholesterol (OR 1.006, 95% CI 1.002-1.009) at initial registra-
tion, and higher follow-up duration (OR 1.07, 95% CI 1.01—
1.12) significantly increased and number of follow-up visits
(OR 0.98, 95% CI 0.97-0.99) significantly decreased the risk of
not attaining all of the three goals compared with those attain-
ing all of the three goals (Table 4). No other variables were sig-
nificant.

The strength and statistical significance of the relationship of
baseline characteristics to HbAlc >7%, BP >140/90 mmHg and
LDLC >100 mg/dL were also tested by multiple logistic regres-
sions. The findings of this analysis showed that younger age at
diagnosis of diabetes, higher FPG at initial registration and
higher follow-up duration significantly increased, and treatment
with insulin, insulin and oral agent, and the number of follow-
up visits significantly decreased the risk of having HbAlc values
>7% compared with HbAlc <7%. Those with BP >140/
90 mmHg were older and older at diabetes diagnosis, and had
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Table 1 | Characteristics of 2,640 patients with type 2 diabetes mellitus at registration and last follow-up visit

Characteristics Mean (SD) or proportion Difference (95% Cl)
Regjistration Last follow-up visit
Age (years) 496 (93) 60.5 (106) 109 (1007, 11.0*
Age at diagnosis (years) 446 (9.2) -
Years since diabetes diagnosis 50 (49 159 (6 9) 109 (107, 11.0)*
No. follow-up visit — 34.1 (203) —
Follow-up duration (years) - 109 4.3) -
Weight (kg) 714 (123) 735 (125) 2.1 (18, 24)*
Height (cm) 159.1 (88) —
BMI (Kg/m?) 283 (44) 293 (5 0) 109, 1.2%
Systolic BP (mmHg) 1233 (180) 1222 (183) —1 1 (=19, -03)*
Diastolic BP (mmHg) 76.1 (12.2) 766 (10.3) 5 (=005, 1.1)
Fasting plasma glucose (mg/dL) 186.0 (70.0) 1553 (56.8) —307 (=339, —=27.5)*
HbA1c (%) 86 (22) 7 (18) 9 (1.0, -08)*
Creatinine (mol/L) 090 (063) 1 06 (043) 6 (0.13, 0.18)*
Estimated glomerular filtration rate (mL/min) 111.1 (386) 94.3 (305 —168 (-182, —154)*
Triglyceride (mg/dL) 2175 (140.2) 1636 (824) —541 (=589, —489)*
Cholesterol (mg/dL) 2168 (49.2) 176.1 (37.8) 7 (428, —38.7)*
High density lipoprotein (mg/dL) 449 (115) 449 (12.1) 0. (—054, 040)
Low density lipoprotein (mg/dL) 1283 (415) 1045 (315) —238 (=256, =22.0)*
Sex (%)
Men 944 (35.8) - -
Women 1,696 (64.2) - -
Therapeutic regimen (%)
Diet 569 (21.6) 245 (93) =123 (<142, =104)*
Oral agent 1,809 (685) 1,185 (44.9) —236 (=263, -210)*
Insulin 193 (7.3) 364 (13.8) 65 (4.8, 81)*
Insulin and oral agent 69 (2.6) 846 (32.0) 294 (276, 31.3)*
Education (%)
Less than high school 1,788 (706) - -
High school 472 (186) - -
College graduate 271 (10.7) - -
Smoking (%)
Non-smoker 2481 (94.0) - -
Current-smoker 159 (6.0) - -
HbATC (%)
<7% 679 (25.7) 988 (374) 11 7 (92, 14.2)%
7-95% 1,172 (444) 1,283 (486) 2 (15, 69)*
>9.5% 789 (299) 369 (14.0) —159 (=181, =13.7)*
LDLC <100 mg/dL 598 (22.7) 1,201 (455) 228 (204, 253)*
Systolic BP <140 mmHg 2,054 (77.8) 2,132 (80.8) —30 (- 57 —O 5)%
Diastolic BP <90 mmHg 1,223 (463) 1,108 (42.0) 3 (=70, -17)*
BP <140/90 mmHg 1,986 (75.2) 932 (353) —399 (—424 —37.5)%
HbATc <7%, BP <140/90 mmHg and LDLC <100 mg/dL 156 (5.9) 04 (7.7) 8 (04, 3.1)*
Weight category (%)
Normal weight (BMI <250 kg/m?) 579 (22.7) 445 (174) =53 (=74, =30
Overweight (BMI 25-299 kg/mz) 1,169 (45.8) 1,073 (420) —38 (6.5, 1.0)*
Obese (BMI >30.0 kg/mz) 804 (31.5) 1,034 (405) 90 (64, 11.6)*

Total number of at risk is not the same for each variable because of missing values. *P < 0.001. BMI, body mass index; BP, blood pressure; Cl, confi-
dence interval; HbATc, hemoglobin Alc; LDLC, low-density lipoprotein cholesterol.

a higher BMI and BP at initial registration. Those with LDLC  DISCUSSION
>100 mg/dL. were younger and had higher cholesterol, but a  Control of BP, lipid and glycemia are essential components
lower number of follow-up visits (Table 4). for the prevention of type 2 diabetes complications. These
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Table 2 | Prevalence rate and odds ratio of hemoglobin ATc <7.0% (<53 mmol/mol), blood pressure <140/90 mmHg and low-density lipoprotein
cholesterol <100 mg/dL by baseline variables in 2,640 patients with type 2 diabetes, Isfahan, Iran

Characteristics n (%) HbAlc <7.0% Age-adjusted BP <140/  Age-adjusted LDLC Age-adjusted
OR (95% Cl) 90 mmHg  OR (95% Cl) <100 mg/dL  OR (95% Cl)

n (%) 2,640 (100) 988 (374) - %4 (365) - 1290 489) -
Age (years)

30-40 346 (13.1) 117 (338) 1.00 206 (59.7)  1.00 170 (49.1)  1.00

40-49 970 368) 354 (36.5) 1.12 (087, 145) 402 (414) 048 (037, 061)** 451 (465) 090 (0.70, 1.14)

50-59 938 356) 357 (38.1) 1.20 (092, 1.55) 282 (30.1) 029 (0.22, 0.38)*** 457 (487) 098 (0.76, 1.25)

>60 384 (146) 157 (409) 135 (1.00, 1.82) 40 (104) 008 (0.05, 0.12)*** 212 (552) 127 (095, 1.70)
Age at diabetes diagnosis (years)

<30 110 4.2) 25 (22.7) 1.00 66 (600) 100 51 (464) 100

30-59 2341 (895) 877 (37.5) 204 (129,321 839 (358 037 (025, 055** 1,139 (487)  1.10 (0.75, 1.61)

>60 166 (63) 75 (45.2) 280 (1.63, 481)*** 19 (114) 009 (005, 0.16)*** 86 (518 124 (0.77,202)
Years since diabetes diagnosis

<5 1576 (602) 645 (409) 1.00 627 (398)  1.00 745 (473) 100

5-79 480 (183) 169 (35.2) 0.76 (061, 0.94)* 158 (329) 085 (068, 1.06) 243 (506) 112 (091, 137)

8-119 29891140 95 (319) 063 (048, 0.82)** 83 (279 072 (055, 096)* 158 (5300 122 (095, 157)

>12 266 (10.2) 71 (267) 046 (0.34, 062)*** 58 21.8) 069 (0.50, 0.95)* 130 489) 099 (0.76, 1.29)
BMI (kg/m?)

<25 580 (22.7) 207 (35.7) 1.00 241 (416) 100 301 (519) 100

25-29 1,174 (459) 464 (395) 1.01 (080, 1.26) 453 (386) 086 (0.70, 1.07) 576 (49.1) 089 (0.73, 1.09)

>30 806 (31.5) 285 (354) 1.19 (099, 144) 213 (264) 043 (0.34, 0.55)** 377 (468) 082 (067, 1.02)
Systolic BP (mmHg)

<140 2054 (778) 772 (37.6) 1.00 903 (440) 1.00 987 (481)  1.00

140-159 424 (16.1) 161 (380) 096 (0.77, 1.20) 26 (6.1) 0.10 (0.07, 0.15)*** 277 (535) 118 (096, 147)

>160 162 (6.1) 55 (34.0) 0.78 (0.55, 1.10) 3(19 004 (001, 0.17)*** 76 (469) 089 (064, 123)
Diastolic BP (mmHg)

<80 2,001 (792) 787 (37.6) 1.00 871 (417)  1.00 1,021 (488)  1.00

80-90 416 (158) 154 (37.0) 095 (0.76, 1.18) 55(132) 023 (0.17, 032)*** 207 (498) 101 (082, 1.25)

>90 133 (50 47 (353) 088 (061, 1.27) 6 (4.5) 007 (003, 0.16)*** 62 (466) 089 (062, 1.26)
Fasting plasma glucose (mg/dL)

<100 96 (36) 49 (51.0) 1.00 55(573) 100 48 (500) 100

100-125 383 (145) 186 (486) 091 (0.58, 143) 148 (386) 046 (028, 0.74)** 181 (473) 087 (055, 1.36)

>126 2,161 (819) 753 (34.9) 051 (034,078 729 (337) 036 (023, 0.56)** 1061 (49.1) 093 (062, 141)
HbATc, % (mmol/mol)

<70 (<53) 679 (25.7) 366 (569) 1.00 321 (473) 100 356 (524)  1.00

7-94 (53-79) 1,172 (444) 411 (35.1) 041 (033, 049** 388 (33.1) 057 (046, 0.69)*** 566 (483) 083 (069, 1.00)

>9.5 (>80) 789 (299) 191 (24.2) 0.24 (0.19, 030y 223 (283)  0.45 (036, 056)** 368 (466)  0.77 (063, 095)*
Triglyceride (mg/dL)

<150 889 (337) 355 (399) 1.00 330 37.1) 100 442 (497) 100

150-449 1,608 (609) 585 (364) 086 (0.73, 1.02) 557 (346) 089 (0.74, 1.06) 782 (486) 096 (081, 1.13)

>450 143 (54) 48 (336) 0.78 (0.53, 1.13) 45 (4.8) 067 (045, 1.00)* 66 (462) 088 (062, 1.25)
Cholesterol (mg/dL)

<200 1032 (39.1) 427 (414) 1.00 449 (435) 100 600 (581) 100

200-219 456 (173) 188 (41.2) 098 (0.78, 1.22) 145 (31.8) 061 (048, 0.77)** 215 (47.1) 064 (051, 0.80)™*

>220 1,151 (436) 372 (323) 066 (0.55, 0.79%* 338 (294) 057 (047, 0.68)*** 474 (412) 050 (042, 0.59)**
HDLC (mg/dL)

>40 1,734 (657) 638 (368) 1.00 617 (356)  1.00 808 (466) 100

<40 906 (343) 350 (386) 093 (079, 1.10) 315 (348) 098 (082, 1.17) 482 (532) 078 (066, 091)**
LDLC (mg/dL)

<100 598 (245) 244 (408) 1.00 234 (260)  1.00 374 (625) 100

>100 1844 (755) 677 (367) 083 (068, 099 666 (740) 066 (0.54, 0.80)*** 827 (448) 048 (040, 0.58)**
Sex (%)

Men 944 (358) 373 (39.5) 1.00 366 (388)  1.00 498 (528)  1.00

Women 1696 (642) 615 (363) 0.89 (0.75, 1.05) 565 (333) 062 (0.52, 0.74y** 792 (467) 080 (068, 0.94)**
720 J Diabetes Investig Vol. 6 No. 6 November 2015 © 2015 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd
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Characteristics n (%) HbAlc <7.0%  Age-adjusted BP <140/  Age-adjusted LDLC Age-adjusted
OR (95% () 90 mmHg  OR (95% Cl) <100 mg/dL  OR (95% Cl)

Therapeutic regimen (%)

Diet 569 (216) 266 (46.7) 1.00 218 (383) 1.00 275 (483) 1.00

Oral agent 1,809 (685) 658 (364) 039 (0.27, 056)** 615 (340) 097 (067, 1.39) 887 (49.0) 098 (0.71, 1.36)

Insulin 193 (7.3) 49 (254) 064 (053, 0.78)** 72 (373) 093 (0.76, 1.14) 93 (482) 101 (083, 1.22)

Insulin and oral agent 69 (26) 15 (21.7) 031 (0.17, 0.56)*** 27 (39.1)  1.27 (0.74, 2.16) 35 (50.7) 107 (065, 1.76)
Education (%)

Less than high school 1,788 (706) 636 (35.6) 1.00 539 (30.1)  1.00 858 (480) 1.00

High school 472 (186) 183 (388) 1.19 (096, 147) 231 (489) 197 (1.59, 245y 244 (51.7) 1.19 (097, 1.46)

College graduate 271 (107) 132 (487) 174 (135, 2260%* 130 (480)  2.23 (1.70, 2.92)*** 142 (524) 1.20 (093, 1.55)
Smoker (%) 159 (6.0) 53 (333) 101 (071, 142) 46 (289) 087 (060, 1.27) 85 (53.5) 082 (059, 1.14)

*P < 005, ¥*¥P < 001, ***P < 0001. Total number of at risk is not the same for each variable because of missing values. Odds ratio (OR; with 95%
confidence interval [Cl]) calculated by multiple logistic regression. BMI, body mass index; BP, blood pressure; HbATc, hemoglobin Alc; HDLC, high

density lipoprotein cholesterol; LDLC, low density lipoprotein cholesterol.

findings suggest that just 7.7% of patients with type 2 diabe-
tes met all three therapeutic target achievements. The average
HbAIc level in our type 2 diabetes patients was 7.7% at the
last clinic visit. This is similar to HbAlc in the UK (7.8%),
the USA (7.7%)"* and Eastern Europe (7.7%)". The estimate
of HbAlc control, defined as HbAlc <7%, was 37.4%. This
compares unfavorably with the USA, with 52.5% of patients
maintaining a HbAlc level below 7.0%, which is almost 15%
higher than the present results'®; Korea with 45.6%, which is
almost 8% higher than the present results'” or rural Spain,
with 44.3%'®. In the Insulin Resistance and Atherosclerosis
Study, which had somewhat different definitions of control;
41% of diabetic participants had HbAlc <7%'7. A study
from Taiwan reported that 34.5% of patients showed a
HbAlc level below 7%'®. Another study from Eastern Europe
reported that 35.8% of patients maintained a HbAlc level
below 7.0%, which is slightly lower than the present study’.
Achieving good glycemic control seems to be an extremely
difficult target in both developed and developing countries.
Our data from a large clinical information system at Isfahan
Endocrine and Metabolism Research Center, Iran, also
showed that just 35.3% reached the BP goal and 45.5%
reached the LDLC goal. In the Insulin Resistance and Ath-
erosclerosis Study, 32% of patients with type 2 diabetes had
BP <130/85 mmHg, and 35% had a LDLC <130 mg/dL".
In Eastern Europe, approximately 20% of patients with type
2 diabetes met the target values for BP, cholesterol and
LDLC". The national Diabetes Registry in Denmark showed
13% of type 2 diabetes patients met a target BP of 130/
80 mmHg and 28% for cholesterol'’; and in a French
nationwide type 2 diabetes survey, 29% of patients met the
slightly higher target BP of <140/80 mmHg™.

There are significant differences in studies of therapeutic tar-
get achievement that have been reported so far. However, stud-

ies carried out in Europe, North America and Asia showed that
patients with type 2 diabetes are not adequately treated, and
most patients do not meet all three goals'>'*'®2!73%,

In the present study, 7.7% of type 2 diabetes clinic attend-
ees met all three goals, which is higher than 5.2-7.3%
reported in the USA during 1988-2000°"*% 5.4% reported
by an international survey from seven Asian countries®,
3.6% reported by the International Diabetes Management
Practice Study™, 4.1% reported from Taiwan'®, 5% reported
from Italy’® and 7% reported from Canada®, but lower than
13.2-18.8% reported for the USA during 2003-2010, 17.3%
reported in Iowa City Veterans Affairs Medical Center 2008—
2009%, 10.1% in the Look Action for Health in Diabetes
2000-2004°, 22% reported in community-based endocrinol-
ogy practice study 2000-2004” and similar to 8.0% reported
in the Polish patients with type 2 diabetes of more than
10 years' duration®®. The differences in lifestyles; socioeco-
nomic status; medical treatment system; the need for a team
approach including doctors, nurses, nutritionists and physical
therapists; and research methods could be the reason for the
lower goal achievement in the present study.

As expected, most of the patients in the present study were
overweight or obese, and through the follow-up period, we
observed a statistically significant increase in weight among
these patients. We found that BMI was not predictive of poor
glycemic, lipid control and all three risk factors. Obesity was
not related to poor glycemic and lipid control, probably because
among patients with type 2 diabetes, there are patients with
good glycemic and lipid control who have gained weight and
there are patients with poor glycemic and lipid control who
have lost weight because of the disease process. We found that
BMI was predictive of poor BP control.

Younger age at diabetes diagnosis was associated with poorer
glycemic and BP control, because their duration of diabetes was
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Table 3 | Age and age-adjusted means (standard error) and proportions of selected baseline characteristics in 210 patients with type 2 diabetes
who attained all of the three goals and 2,430 patients who attained some of the goals

Variables Attained all goals Attained some goals Difference (95% Cl)
Mean (SD) Mean (SD)
Age (years) 8 (0.65) 498 (0.19) 30 (167, 433y
Age at diagnosis (years) 431 065) 447 (0.19) 16 (0.28, 292)*
Years since diabetes diagnosis 1(033) 5.1 (0.10) 10 (0. 30 70)**
Height (cm) 608 063) 1589 (0.18) -19 (=3 —O 63)%*
Weight (kg) 701 (087) 715 (025) 14 (0. 34 317)
Body mass index (kg/mz) 274 (032) 283 (0.09) 9 0.26, 1
Systolic BP (mmHg) 1163 (1.17) 1239 (0.34) 6 (506, 1 )***
Diastolic BP (mmHg) 717 (084) 765 (024) 8 (281, 679)***
Fasting glucose (mg/dL) 662 (4.90) 1878 (142) 21 6 (103, 329)***
HbA1c (%) 3(0.16) 8.7 (0.05) 4 (109, 1.71)*
Creatinine (mol/L) 089 0.04) 091 (001) 002 (=007, O 1
Estimated glomerular filtration rate (mL/min) 1068 (247) 1115 (0.71) 7 (0383, 102
Triglyceride (mg/dL) 197.9 (9.85) 2192 (2.84) 3 (126, 41.30)*
Cholesterol (mg/dL) 1963 (342) 2185 (099) 222 (1410 3030)***
HDLC (mg/dL) 6 (081) 449 (0.23) 3 (=1 94)
LDLC (mg/dL) 1151 (3.01) 1294 (0.87) 3 (7. 37 2 ZO)***
n (%) n (%)
Men 96 (47.1) 847 (34.98) —123 (1940, —5.18)***
Overweight (BMI >25) 142 (69.6) 1838 (75.7) 8 (0.70, 1240)
High blood pressure (>140/90 mmHg) 00 (0.0) 654 (26.8) 268 (25. O 2860)**
High HbATc (>7%) 00 (00) 1,858 (763) 76.3 (74.60, 78 00)***
High LDLC (=100 mg/dL) 00 (0.0) 1,728 (709 709 (69.10, 72.70)***
Therapeutic regimen at last clinic visit
Diet 53 (26.0) 516 (21.2) 8 (— 1100 143)
Oral agent 136 (66.7) 1,673 (68.7) 0 (-4.71, 874)
Insulin 10 (49) 183 (7.5) 6 (-~ 053 575)
Insulin and oral agent 5(25) 64 (2.6) 0.1 (=204, 2.39)
Education (%)
Less than high school 105 (51.5) 1,683 (69.1) 176 (1050, 24.70)***
High school 59 (289) 413 (170 =120 (1840, =5.57)***
College graduate 37 (18.1) 234 (96) —85 (1390, =3.12)**
Smoking (%)
Non-smoker 194 (95.1) 2,287 (939 —12 (433, 190)
Current smoker 10 (4.9) 149 (6.1) 12 (=19, 433)

*P < 0001, **P < 001,

***p < 0001. Differences in the mean or percentage values of variables between attained all goals and not attained all

goals. BMI, body mass index; HbATc, hemoglobin Alc; HDLC, high density lipoprotein cholesterol; LDLC, low density lipoprotein cholesterol.

greater than those diagnosed at older ages. Type 2 diabetes
often has an insidious onset, making it difficult for studies to
assess how HbAlc, BP and lipid changes with respect to dura-
tion of diabetes.

The present analysis also showed that treatment with an oral
agent and insulin at baseline was associated with better glyce-
mic control. This is expected, because patients with more severe
hyperglycemia are more likely to have been prescribed an oral
agent and/or insulin compared with patients with milder hyper-
glycemia.

We found that HbAlc, lipid control and attaining all goals
increased with the number of follow-up visits. These patients

were more likely to consult a physician on a regular basis
and, therefore, were more likely to be offered appropriate
treatment.

The present findings are consistent with previously pub-
lished findings that education was associated with better gly-
cemic, BP and lipid control”’. There are several potential
reasons why improvements in glycemic, BP and lipid control
might have been concentrated among more educated popula-
tions. More educated patients might have better access than
lesser educated individuals to the type of integrated, compre-
hensive medical care that individual with diabetes need in
order to successfully manage their illness. Patients with dia-

722 J Diabetes Investig Vol. 6 No. 6 November 2015

© 2015 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd



http://onlinelibrary.wiley.com/journal/jdi

ORIGINAL ARTICLE
Glucose, BP and lipid control in diabetes

Table 4 | Risk factors independently related to hemoglobin ATc >7%, blood pressure >140/90 mmHg, low-density lipoprotein cholesterol
>100 mg/dL and not attaining all of the three goals for patients with type 2 diabetes (multiple logistic regression analysis)

Variables Odds ratio (95% confidence interval)
HbATc >7% BP >140/90 mmHg LDLC >100 mg/dL Not attained all goals

Age (years) - 1.09 (1.07, 1.12)*** 099 (0.98, 0.998)* -
Age at diagnosis (years) 098 (097, 099)* 097 094, 099 - -
Follow up (years) 112 (1.09, 1.16)*** 1.12, 120 104 (101, 1.07)** 107 (1.014, 1.124)*
No. follow-up visits 099 (098, 0.99** 1 01 1.003, 1.02)** 098 (097, 0.99y** 098 (097, 099
Fasting plasma glucose (mg/dL) 1.003 (1.002, 1.004)*** 1.003 (1.001, 1.004)*** - -
Therapeutic regimen (%)

Diet 1.00 - - -

Oral agent 0.72 (037, 144) — — —

Insulin 0.30 (0.16, 0.57)*** - - -

Insulin and oral agent 048 (0.27, 0.90** - - -
Education

Less than high school 1.00 - - 1.00

High school 096 (076, 1.19) - 169 (1.09, 2.62)*

College graduate 068 (051, 0.87)* — — 140 (086, 2.27)
Systolic BP (mmHg) - 1.06 (1.05, 1.07)* - 1.01 (1.002, 1.023)*
BMI (kg/m?) - 101 (105, 110y - -

Cholesterol (mg/dL)

1.002 -
Triglycerides (mg/dL) - -

1.01 (1.008, 1.01)***
0999 (0.998, 1.00)**

1.006 (1.002, 1.009)**

*P < 005, ¥*P < 001, ***P < 0001. BMI, body mass index; BP, blood pressure; HoATc, hemoglobin Alc; HDLC, high density lipoprotein cholesterol;

LDLC, low density lipoprotein cholesterol.

betes who are more educated might have been better able to
obtain and understand new information related to diabetes
treatment compared with patients with diabetes who are less
educated. There also is evidence that people who are more
educated adopt medical technologies more rapidly than peo-
ple who are less educated®.

These real-life data reflect actual treatment pattern in
patients with type 2 diabetes at our center, and allow for
observation of patients over time. Several limitations of the
present study should be considered when interpreting the
results. Because of the single center and non-random selection
of patients, we cannot exclude the possibility of selection bias
in the registry, and the results might not apply to area/coun-
try groups. Although we have not carried out any special
studies of the validity or reliability of data for this analysis,
previous studies show that these patients are a representative
sample of known diabetic patients of Isfahan®. Our experi-
ence with other parts of the dataset gives us some confidence
that the data quality is sufficient for this type of study, and
that the present results provide useful additional evidence on
the current status of glucose, BP and lipid management. The
study was clinic-based, rather than population-based, and so
might not contain a clinical spectrum representative of dia-
betic patients in the community. We used clinical characteris-
tics of patients only at the baseline and at last follow-up
visits. We could not rule out the possibility of residual con-
founding because of unmeasured or inaccurately measured
covariates. The present study was limited by possible selection

bias by restricting the study to patients who were alive during
the whole study period. The possibility exists that the people
with diabetes who had the most severe disease or who were
in the least good control died before the end of the study
and were not included in the sample. This could result in
overly optimistic estimates of glycemic, BP and LDLC control.
Furthermore, the actual duration of diabetes is difficult to
determine. Because many patients with type 2 diabetes have
chronic diabetic complications at the time of diagnosis, many
patients likely experience a long asymptomatic period of
hyperglycemia. This measurement error could affect the analy-
sis of the duration of diabetes.

This is the first report of diabetes outcomes measures in rou-
tine care in a Middle Eastern country and provides new data
from Iran, which has been underrepresented in past studies.

In conclusion, the present study highlights the difficult chal-
lenges physicians face when treating patients with type 2 diabe-
tes, such as the suboptimal control of glycemia, BP and LDLC.

ACKNOWLEDGMENTS
The authors are grateful to Mr Majid Abyar for computer
technical assistance. This study was supported partially by a
grant from the Isfahan University of Medical Sciences, Iran.
This research was carried out as a part of the academic
activity of the university.

DISCLOSURE

The authors declare no conflict of interest.

© 2015 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd

723

J Diabetes Investig Vol. 6 No. 6 November 2015



ORIGINAL ARTICLE

Janghorbani et al.

http://onlinelibrary.wiley.com/journal/jdi

REFERENCES 16. Diaz Gravalos GJ, Palmeiro Ferndndez G, Casado Gérriz |,

1. Patel A, MacMahon S, Chalmers J, et al. Intensive et al. Compliance with the metabolic goals in diabetes
blood glucose control and vascular outcomes in patients mellitus treatment in the rural area of Ourense, Spain. Rev
with type 2 diabetes. N Engl J Med 2008; 358: 2560— Esp Salud Publica 2006; 80: 67—75.

2572. 17. Bonds DE, Zaccaro DJ, Karter AJ, et al. Ethnic and racial

2. Diabetes Control and Complications Trial Research Group. differences in diabetes care: The Insulin Resistance
The effect of intensive treatment of diabetes on the Atherosclerosis Study. Diabetes Care 2003; 26: 1040—1046.
development and progression of long-term complications 18. Yu NG, Su HY, Chiou ST, et al. Trends of ABC control 2006—
in insulin-dependent diabetes mellitus. N Engl J Med 1993; 2011: a national survey of diabetes health promotion
329: 977-986. institutes in Taiwan. Diabetes Res Clin Pract 2013; 99:

3. UK Prospective Diabetes Study (UKPDS) Group. Intensive 112-119.
blood-glucose control with sulphonylureas or insulin 19. Eliasson B, Cederholm J, Nilsson P, et al. The gap between
compared with conventional treatment and risk of guidelines and reality: type 2 diabetes in a national
complications in patients with type 2 diabetes (UKPDS 33). diabetes register 1996-2003. Diabet Med 2005; 22:

Lancet 1998; 352: 837-853. 1420-1426.

4. Ohkubo Y, Kishikawa H, Araki E, et al. Intensive insulin 20. Charpentier G, Genes N, Vaur L, et al. Control of diabetes
therapy prevents the progression of diabetic and cardiovascular risk factors in patients with type 2
microvascular complications in Japanese patients with diabetes: a nationwide French survey. Diabetes Metab 2003;
non-insulin-dependent diabetes mellitus: a randomized 29: 152-158.
prospective 6-year study. Diabetes Res Clin Pract 1995; 28: 21. Cheung BM, Ong KL, Cherny SS, et al. Diabetes prevalence
103-117. and therapeutic target achievement in the United States,

5. American Diabetes Association Standards of medical care in 1999 to 2006. Am J Med 2009; 122: 443-453.
diabetes — 2015. Diabetes Care 2015; 38(Suppl 1): S1-594. 22. Saydah SH, Fradkin J, Cowie CC. Poor control of risk factors

6. Hoerger TJ, Segel JE, Gregg EW, et al. Is glycémie control for vascular disease among adults with previously
improving in US adults? Diabetes Care 2008; 31: 81-86. diagnosed diabetes. JAMA 2004; 291: 335-342.

7. Seloy JV, Swain BE, Gerzoff RB, et al. Understanding the gap ~ 23. Ong KL, Cheung BM, Wong LY, et al. Prevalence, treatment,
between good processes of diabetes care and poor and control of diagnosed diabetes in the U.S. National
intermediate outcomes: Translating Research into Action for Health and Nutrition Examination Survey 1999-2004. Ann
Diabetes (TRIAD). Med Care 2007; 45: 1144-1153. Epidemiol 2008; 18: 222-229.

8. Janghorbani M, Amini M, Ghanbari H, et al. Incidence of 24. Stark Casagrande S, Fradkin JE, Saydah SH, et al. The
and risk factors for diabetic retinopathy in Isfahan, Iran. prevalence of meeting A1C, blood pressure, and LDL goals
Ophthalmic Epidemiol 2003; 10: 81-95. among people with diabetes, 1988-2010. Diabetes Care

9. World Medical Association | Declaration of Helsinki. Ethical 2013; 36: 2271-2279.
principles for medical research involving human subjects. J 25. Vouri SM, Shaw RF, Waterbury NV, et al. Prevalence of
Indian Med Assoc 2009; 107: 403—405. achievement of Alc, blood pressure, and cholesterol (ABC)

10. American Diabetes Association. Diagnosis and classification goal in veterans with diabetes. J Manag Care Pharm 2011;
of diabetes mellitus. Diabetes Care 2008; 1(Suppl): S55-S60. 17:304-312.
11. Rothman KJ. No adjustments are needed for multiple 26. Bertoni AG, Clark JM, Feeney P, et al. Suboptimal control of
comparisons. Epidemiology 1990; 1: 43-46. glycemia, blood pressure, and LDL cholesterol in
12. Mainous AG 3rd, Diaz VA, Saxena S, et al. Diabetes overweight adults with diabetes: the Look AHEAD study. J
management in the USA and England: comparative analysis Diabetes Complications 2008; 22: 1-9.
of national surveys. J R Soc Med 2006; 99: 463-469. 27. Varma S, Boyle LL, Varma MR, et al. Controlling the ABCs of
13. Andel M, Grzeszczak W, Michalek J, et al. A multinational, diabetes in clinical practice: a community-based
multi-centre, observational, cross-sectional survey assessing endocrinology practice experience. Diabetes Res Clin Pract
diabetes secondary care in Central and Eastern Europe 2008; 80: 89-95.
(DEPAC Survey). Diabet Med 2008; 25: 1195-1203. 28. Bata MM, Placzkiewicz-Jankowska E, LeSniak W, et al.
14. Ali MK, Bullard KM, Saaddine JB, et al. Achievement of goals Management and treatment goals in Polish patients with
in US. diabetes care, 1999-2010. N Engl J Med 2013; 368: type 2 diabetes of more than ten years’ duration — results of
1613-1624. ARETAEUS2-Grupa Study. Endokrynol Pol 2014; 65: 158-168.
15. Jeon JY, Kim DJ, Ko SH, et al. Current status of glycemic 29. So WY, Raboca J, Sobrepena L, et al. Comprehensive risk
control of patients with diabetes in Korea: the fifth Korea assessments of diabetic patients from seven Asian
national health and nutrition examination survey. Diabetes countries: The Joint Asia Diabetes Evaluation (JADE)
Metab J 2014; 38: 197-203. program. J Diabetes 2011; 3: 109-118.
724 J Diabetes Investig Vol. 6 No. 6 November 2015 © 2015 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd



http://onlinelibrary.wiley.com/journal/jdi

30.

31.

32.

33.

34.

Chan JC, Gagliardino JJ, Baik SH, et al. Multifaceted
determinants for achieving glycemic control: the
International Diabetes Management Practice Study (IDMPS).
Diabetes Care 2009; 32: 227-233.

Kirk JK Bell RA, Bertoni AG, et al. Ethnic disparities: control
of glycemia, blood pressure, and LDL cholesterol among

US adults with type 2 diabetes. Ann Pharmacother 2005; 39:

1489-1501.

Bata MM, Placzkiewicz-Jankowska E, Ledniak W, et al.
Management and treatment goals in Polish patients with
type 2 diabetes of short duration: results of the
ARETAEUS2-Grupa study. Pol Arch Med Wewn 2013; 123:
573-581.

Pérez CM, Febo-Vazquez |, Guzman M, et al. Are adults
diagnosed with diabetes achieving the American Diabetes
Association clinical practice recommendations? P R Health
Sci J 2012; 31: 18-23.

Rickert IM, Schunk M, Holle R, et al. Blood pressure and
lipid management fall far short in persons with type 2
diabetes: results from the DIAB-CORE Consortium including
six German population-based studies. Cardiovasc Diabetol
2012; 11: 50.

35.

36.

37.

38.

39.

ORIGINAL ARTICLE
Glucose, BP and lipid control in diabetes

Braga MF, Casanova A, Teoh H, et al. Poor achievement of
guidelines-recommended targets in type 2 diabetes:
findings from a contemporary prospective cohort study. Int
J Clin Pract 2012; 66: 457—464.

Vaccaro O, Boemi M, Cavalot F, et al. The clinical reality of
guidelines for primary prevention of cardiovascular disease
in type 2 diabetes in ltaly. Atherosclerosis 2008; 198:
396402

Chatterji P, Joo H, Lahiri K. Racial/ethnic- and education-
related disparities in the control of risk factors for
cardiovascular disease among individuals with diabetes.
Diabetes Care 2012; 35: 305-312.

Lleras-Muney A, Lichtenberg FR. Are the more educated
more likely to use new drugs? In: Miresse J, Trajtenberg M
(eds). Contributions in Memory of Zvi Griliches. Annales D
D'Economie et de Statistique, Malakoff, France, 2010;
671-696.

Amini M, Afshin-Nia F, Bashardoost N, et al. Prevalence and
risk factors of diabetes mellitus in the Isfahan city
population (aged 40 or over) in 1993. Diabetes Res Clin
Pract 1997; 38: 185-190.

© 2015 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd

J Diabetes Investig Vol. 6 No. 6 November 2015 725



