592 Asia Pac J Clin Nutr 2014;23(4):592-606

Original Article

Management trajectories in the type 2 diabetes
Integrated Delivery System project in Taiwan:
accounting for behavioral therapy, nutrition
education and therapeutics

Hsing-Yi Chang DrPH', Mark L Wahlqvist MD"">, Wen-Ling Liu Ms',
Meei-Shyuan Lee DrPH>>, Shyi-Jang Shin MD, PhD*,Yu-Sheng Li Ms',

Chih-Jen Chang MD’, Chwen-Tzuei Chang MD®, Mao-Tsu Fuh MD, PhD’,
Hung-Jen Yang MD, MPH®, Tong-Yuan Tai MD, PHD’, Chih-Cheng Hsu MD, DrpH """

! Institute of Population Health Sciences, National Health Research Institutes, Miaoli County, Taiwan,
2School of Public Health, National Defense Medical Center, Taipei, Taiwan,

’ Asia Pacific Health and Nutrition Centre, Monash Asia Institute, Monash University, Australia
*Division of Endocrinology and Metabolism, Department of Internal Medicine, Kaohsiung Medical
University Hospital, Kaohsiung city, Taiwan

’Department of Family Medicine, National Cheng Kung University Hospital, Tainan, Taiwan
SDepartment of Internal Medicine, China Medical University Hospital, Taichung City, Taiwan
"Division of Metabolism, Department of Internal Medicine, China Medical University, Taichung city, Taiwan
*Mission Care Health System, Min Shen General Hospital, Taoyuan, Taiwan

’Taipei Jen Chi Relief Institution, Taipei, Taiwan

"“Department of Health Services Administration, China Medical University, Taichung City, Taiwan

Background and aim: Glycated hemoglobin (HbAlc) assessment is basic to diabetes management. Little is done
to describe the whole spectrum of the trajectory, its related temporal patterns of metabolic indices, and comor-
bidities. Methods and Results: This was a longitudinal study. In the Diabetes Management through Integrated
Delivery System project in Taiwan, enrollees had diabetes, but no major comorbidities. They were randomized
into intensive or conventional education (health, diet and exercise) groups. HbAlc was classified by a group-
based trajectory model on the basis of repeated six-monthly measurements. We analyzed data from 1091 subjects
who had at least two measurements on HbAlc. HbAlc exhibited three distinct ranges of low (42-53 mmol/mol),
intermediate (64-75 mmol/mol) and high (97 mmol/mol), all of which persisted for 4.5 years regardless of receiv-
ing intensive education or not. Temporal changes and a time-group interaction were found for triglycerides, total
cholesterol, HDL-C and LDL-C. The high trajectory was associated with the major co-morbidities of retinopathy,
nephropathy, neuropathy, stroke, hypoglycemia, and ketoacidosis. Patients in the intensive education group
(62.4%), which were equally distributed in the three trajectories, had significantly lower HbAlcs (-0.14%= -1.5
mmol/mol, p=0.026). The intermediate trajectory patients with intensive education had HbAlcs higher than the
low trajectory patients with conventional education (3=0.189, p=0.033). Though not significant, a similar pattern
was found for DM education in the high group (=0.223, p=0.154). Conclusions: Novel strategies beyond cur-
rent education and pharmacotherapeutic regimens are needed to lower HbAlc at least 11 mmol/mol for the high
HbAlc group to minimize comorbidities.
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INTRODUCTION

Diabetes severity is appreciable in Taiwan, among the
five leading causes of death since 1983' with increasing
prevalence and high mortality.” The glycated hemoglobin
(HbAlc) has been found to be 65£18 mmol/mol in Tai- 1| 446 37.246166 ext. 36336; Fax: 886-37-586261

wanese with diabetes, over half having an HbAlc>57 Email: cch@nhri.org.tw

mmol/mol.* In 230 diabetes centers in Asia, the HbAlc Manuscript received 14 February 2014. Initial review completed
was 70+22 mmol/mol (N=18211) and 55% of patients 13 March 2014. Revision accepted 26 April 2014.

had an HbA1c>44 mmol/mol, which indicates poor gly- doi: 10.6133/apjcn.2014.23.4.06
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cemic control across this region.”

Intensive glycemic control has been studied extensive-
ly. Type 2 diabetes patients treated with multiple insulin
injections have less retinopathy and nephropathy than
those with conventional insulin injections for 6 years’;
while intensive treatment is associated with higher all-
cause mortality.® Hypoglycemia has been considered a
reason for the higher mortality at the lower glycemic
end.” Yet, intensive blood glucose control results in no
reduction in major macrovascular events, although it does
in microvascular events, manifested mainly as nephropa-
thy.® Nevertheless, long-term benefits of intensive control
on diabetes have been observed.”'

To minimize complications of diabetes, multifactorial
intervention has been used.'"!? In a randomized trial, with
intensive treatment more tied to goals, the onsets of
nephropathy and retinopathy were delayed during 3 years
follow-up.'? After that, both patients received standard
treatment, and those treated intensively remained at a
lower risk of cardiovascular events and mortality for an-
other 5 years."" However, a Cochrane systematic review
and meta-analysis found no improvement in all-cause
mortality with intensive therapy or conclusive evidence
for macrovascular or microvascular end-points, while
severe hypoglycemic episodes were increased by 30%."

Most studies of glycemic control use baseline data to
predict outcomes. Few have described the trajectories of
the chosen glycemic indicator. In this study, we first iden-
tified the HbA 1c trajectories in diabetes patients managed
by Taiwanese community-based clinics. Then, we as-
sessed the temporal changes in related metabolic indices
in regard to the defined trajectory clusters of HbAlc. Fi-
nally, we evaluate whether intensive education overcomes
trajectory clusters.

MATERIAL AND METHODS

Participants

Subjects were enrolled in the Diabetes Management
through the Integrated Delivery System (DMIDS) project
(NCT00288678 ClinicalTrial.gov) which was granted
ethics approval by the Institutional Review Board of Na-
tional Health Research Institutes. Informed consent was
obtained to link health insurance claim data from the Bu-
reau of National Health Insurance (BNHI) to the study.
Only those subjects who provided consent forms were
included in the study.

The project aimed to investigate the effectiveness of
randomized educational interventions and case manage-
ment for type 2 diabetes in community-based clinics."
Teaching hospitals in northern, central and southern Tai-
wan were chosen as the study centers. They recruited 36
local clinics between August 2003 and December 2005.
The intervention lasted until December 2008. All patients
treated in the collaborating clinics were eligible except (i)
age < 30 or > 70 years; (ii) type 1 diabetes; (iii) women
with gestational diabetes; and (iv) those with major com-
plications of diabetes. Participants were randomized into
conventional or intensive education groups. The conven-
tional group continued their routine care, whereas the
intensive education group received instruction on self-
monitoring glucose, medication, exercises, diet control,
foot care, and complication management from a qualified

health manager who had a diabetes shared-care license.
However, some clinics already practiced intensive educa-
tion. We asked the participants if they received intensive
education.

Study variables

Baseline demographic characteristics included family
history of diabetes, smoking, betel nut chewing, alcohol
drinking, and disease history. At baseline and every 6
months, a medical history, behavioral and nutritional as-
sessments, a physical check-up and blood samples were
obtained.

Weight and height were measured at each visit. Body
mass index (BMI) was calculated (kg/m?). Waist circum-
ference (WC) was measured at the midpoint between the
lowest rib and the iliac crest. Blood pressure (BP) was the
mean of three repeats measured with a mercury sphyg-
momanometer after participants sat for at least 10 min.

Fasting venous blood was collected. All blood and
urine specimens in 2-8 °C containers were express trans-
ported to a central laboratory. HbAlc was assayed by
HPLC (Variant II; Bio-Rad Laboratories, Hercules, CA,
USA). Fasting blood glucose, triglycerides (TG), total
cholesterol, and high-density lipoprotein cholesterol
(HDL-C) were analyzed by an automatic analyzer. The
average intra-assay and inter-assay coefficients of varia-
tion for all analytes were all <5%. The urine albumin to
creatinine ratio (ACR) was calculated.'* Glomerular fil-
tration rate (GFR), was calculated as 186.3 x (creatinine’
134y % (age®?®) x 1.227 x (men: 1; women: 0.742)."

The BNHI data were linked to DMIDS. We extracted
information on medication which included medication 1
year prior to study entry and at the last observation point.
The BNHI allows 3-month prescriptions for chronic dis-
eases, which determined the medication analysis intervals.

Complications and their corresponding ICD-9-CM
codes were as follows: for acute complications: (a) hy-
poglycemia (251.1 or 251.2); and (b) ketoacidosis (250.1);
for chronic complications: (a) peripheral circulatory dis-
orders (2507), gangrene (7854, 0400, 4402), amputation
(885, 886, 887, 895, 896, 897), or surgery (841); (b) reti-
nopathy (361, 362, 2505) or blindness (369); (c) nephrop-
athy (580, 581, 582, 583, 590, 2504) or kidney failure
(584, 585, 586, 588); (d) neuropathy (250.6); (e) ischemic
heart disease (410, 411, 412, 413, 414); and (f) stroke
(430-438).

Statistical methods
We used the group-based trajectory model, which com-
bines the methods for finite mixture models and cluster
analysis with longitudinal data, to identify the patterns of
HbAlc. The model classifies individuals into clusters
with similar trajectories according to the longitudinal data
of individuals, assuming that individual differences in
trajectories can be summarized by a finite set of different
polynomial functions for age or time by an SAS macro
(http://www.andrew.cmu.edu/user/bjones/index.htm)."¢
The Bayesian information criterion (BIC) was used to
select the optimal model."”

Then we examined the temporal patterns of other indi-
ces for diabetes management, including BMI, WC, blood
lipids, ACR, GFR, and BP, based on the classified HbAlc
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trajectory groups. The baseline characteristics among
groups were compared using ANOVA or chi-square tests.
The temporal patterns among groups were compared us-
ing multivariable analysis (GENMOD) to account for the
nature of repeated measurements. The effect of intensive
education was compared accounting for possible con-
founders as well as clusters of trajectories. The changes in
medication between various time points were compared
using Cochran’s Q test. We also compared the diabetic
complications among groups using a proportional-hazards
model controlling for age and BMI. All analyses were
carried out using SAS version 9.

RESULTS

There were 1223 subjects recruited. We excluded those
with missing data. One site in eastern Taiwan dropped out
of the study several months after study initiation; its pa-
tients were excluded. Individuals with at least two repeat-
ed measurements of HbA1lc were included. This left 1091
eligible participants for analysis. The average follow-up
time was 4.5 years. Their baseline characteristics are
shown in Table 1. The participants were 55.9+£8.7 years
old with a mean duration of follow-up of 5.1+5.6 years.
More than half (56.5%) had a family history of diabetes.
Around 27.8% reported smoking, 9.0% chewing betel
nuts, and 36.2% drinking alcohol. Regarding comorbidi-
ties, 30.4%, 29.3% and 16.0% had retinopathy, nephropa-
thy, and neuropathy, respectively. Also at entry, 67.4%
had hypertension, 71.6% dyslipidemia, 26.1% heart dis-
eases, and 10.0% stroke, but very few had experienced
hypoglycemia or ketoacidosis.

Nutrient intakes for a sub-set of participants are shown
in Table 2. ANOVA for repeated measure was used to
examine the change over time as well as treatment effects.
The results indicated that, with intensive dietary educa-
tion, energy intakes were reduced, but at the expense of
reduced nutritional quality as judged by changes in pro-
tein (-5.1 g/1000 kcals) and vitamin C (-2.5 mg/1000
kcals) nutrient densities.

The group-based trajectory model clearly separated pa-
tients into three groups (Figure 1); 47.2% of them had
HbAlc around 42-53 mmol/mol (low), 38.3% with
HbAlc around 64-75 mmol/mol (intermediate), and the
rest with HbAlc around 97 mmol/mol (high) in the fol-
low-up period (BIC=-10738.9 for number of observations
and -10728.5 for number of subjects; the real BIC fell in
between). There were no differences in gender or educa-
tion profiles among the three HbAlc groups. The group
with the highest HbAlc was younger; had a longer dura-
tion of diabetes; less physically active; a higher propor-
tion with family history of diabetes; more neuropathy;
higher TG, cholesterol, LDL, ACR and GFR; and a lower
BMI than their counterparts at baseline (Table 1).

The temporal changes of other management indices are
plotted in Figure 2. A multivariate model assuming first-
order autoregressive error was used to test the time trends,
group differences and time-group interactions of each
variable. Those statistically significant are identified.
Both low and intermediate groups had significantly lower
WC and higher ACR than the high group. Significant
time differences were observed in TG, cholesterol, LDL,
GFR, and SBP. Time—group interactions appeared in WC,

TG, cholesterol, LDL, and ACR, meaning that the chang-
es in different groups differed over time.

In the high group, more were on insulin, biguanides,
sulfonylureas, thiazolidinediones, or a-glucosidase in-
hibitors, but this was not the case for statins (Table 3). A
similar pattern was found at the last time point. The use
of each medication in the entire study population in-
creased over time, except for biguanides and statins. Over
80% participants were prescribed two medications. Pro-
portions of patients using two or three medications in-
creased by the last time point. About 65% of the high
group were prescribed three or more medications.

The incidences of complications among the three
HbAlc groups are plotted in Figure 3. Significant differ-
ences existed among the groups for the development of
retinopathy, nephropathy, neuropathy, stroke and ketoac-
idosis. Most of these complications showed lower inci-
dences in the intermediate trajectory group and high inci-
dences in the high trajectory group compared with the
low group after controlling for age and BMI.

Patients with a lower education or a longer duration of
diabetes were more likely to be in the higher HbAlc
group controlling for other factors (Table 4). Conversely,
older age and a higher BMI were correlated with a lower
HbA lc. Patients in the intensive education group (62.4%),
which were equally distributed in the three trajectories,
had significantly lower HbA1cs (-0.14%=-1.54 mmol/mol,
p=0.026). Even so, the intermediate trajectory patients
with intensive education still had HbAlcs higher than the
low trajectory patients with conventional education
(B=0.189, p=0.033). Though not significant, a similar
pattern was found for DM education in the high group
(B=0.223, p=0.154).

DISCUSSION
We demonstrated persistence of HbAlc¢ status in diabetes
care in local clinics engaged in a project to enhance dia-
betes management in Taiwan. Those who started with
lower HbAlcs stayed low, and those who started with
higher values stayed high for 4.5 years. The pattern per-
sisted even to the end of 2012 (9 years) (Appendix 1).
This phenomenon possibly may be regarded as a form of
“metabolic memory”.'®

Long-term effects of lowering HbAlc have been re-
ported previously.'®"**° However, little information has
been available about HbAlc¢ trajectory, interventions and
outcomes. Lind and colleagues estimated the correlation
coefficients from the same individuals for different time
intervals and found the correlation coefficients differed
little for up to 4 years. Later, they used the same method
to identify the time effect of HbAlc and found that values
from 2-3 or even 5 years prior made a greater contribu-
tion to the prediction of contemporary progression of ret-
inopathy than did the current values.”’ This persistence
supports our findings. The trajectory analysis makes the
simultaneous analysis of classification and trajectory pos-
sible. We believe ours is the first attempt to describe time
trends in HbAlc and to find them to be relatively persis-
tent.

Dietary intake advice was the major part of DM educa-
tion. Whether this was intensive or usual education is
known for all participants. However, detailed food rec-
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Table 1. Comparison of characteristics of the three HbAlc group participants in the DMIDS study at entry

. All (n, %) Low (n, %) Intermediate (n, %) High (n, %) 2
Variable 1091 (100) 515 (47.2) 418 (38.3) 158 (14.5) X
Categorical variables

Gender

Women 569 (52.1) 277 (53.8) 207 (49.5) 85 (53.8) 1.882

Men 522 (47.9) 238 (46.2) 211 (50.5) 73 (46.2)
Education

Tliterate 76 (6.9) 37(7.2) 31 (7.4) 8(5.1) 12.025

Literate & elementary 538 (49.3) 238 (46.2) 206 (49.3) 94 (59.5)

Middle school 329 (30.2) 158 (30.7) 127 (30.4) 44 (27.9)

College and above 148 (13.6) 82 (15.9) 54 (12.9) 12 (7.6)
Family history of diabetes (Yes) 616 (56.5) 274 (53.2) 234 (56.0) 108 (68.4) 17.883"
Leisure time activities (Yes) 542 (65.9) 279 (69.9) 203 (64.4) 60 (55.1) 8.882"
Current smoker (Yes) 303 (27.8) 122 (23.7) 136 (32.5) 45 (28.5) 9.065"
Betel nut chewing (Yes) 98 (9.0) 40 (7.8) 42 (10.1) 16 (10.1) 1.790
Alcohol drinking (Yes) 393 (36.2) 167 (32.4) 170 (40.7) 56 (35.4) 6.811"
Disease history’

Retinopathy (Yes) 332 (30.4) 147 (28.5) 127 (30.8) 58 (36.7)

Nephropathy (Yes) 320 (29.3) 155 (30.1) 125 (29.9) 40 (25.3) 3.808

Neuropathy (Yes) 174 (16.0) 55 (10.7) 77 (18.4) 42 (26.6) 1.44

Heart disease (Yes) 286 (26.1) 128 (24.9) 112 (26.8) 46 (29.1) 25.9™

Stroke (Yes) 109 (10.0) 55 (10.7) 45 (10.8) 9(5.7) 1.252

Hypoglycemia (Yes) 2(0.2) 1(0.2) 1(0.2) 0(0.0) 3.791

Ketoacidosis (Yes) 58 (5.3) 21 (4.1) 24 (5.7) 13 (8.2) 0.365

Hypertension (Yes) 735 (67.4) 370 (71.8) 261 (62.4) 104 (65.8) 4.381

Dyslipidemia (Yes) 781 (71.6) 365 (70.9) 303 (72.5) 113 (71.5) 9.484™

DM education (Yes) 678 (62.4) 353 (68.5) 246 (58.9) 79 (50.0) 0.296
Continuous variables (mean+SD) F
Age (years) 55.9+8.7 56.4+8.9 56.0+£8.3 54.1+£8.7 427
Duration of diabetes (years) 10.0+5.7 8.5+5.0 10.7+5.6 12.5+6.8 37.5"
Waist (cm) 88.1+10.4 88.7+£10.4 87.8+9.6 86.7£12.2 2.67
BMI (kg/m®) 26.0£3.6 26.2+3.5 25.943.6 25.343.5 3.97"
Triglycerides (mg) 179+169 155+114 196+196 2104220 10.17
Cholesterol (mg) 193.9+41.9 185.9+37.1 197.8+43.3 210.2+47.1 24.0™
HDL (mg) 48.1+12.4 47.7+12.1 48.2+13.0 49.4+11.5 1.17
LDL (mg) 124.6%35.3 120.0+33.8 125.8+35.1 136.5+37.4 1417
ACR 10.0+ 7.1 8.7+6.6 11.2+7.5 11.8+7.4 10.9™
GFR 127.1+54.7 121.2+39.6 130.3+72.2 137.9+38.8 6.85"
SBP (mmHg) 130.0+15.8 129.9+16.2 130.6+16.1 128.8+14.1 0.74
DBP (mmHg) 80.7+9.6 80.5£9.6 81.0+£9.8 80.4+8.9 0.33

TAll diseases were extracted from the NHI database. *0.0l§p<0.05; **0.001§p< 0.01; mp< 0.001.

BMI: body mass index; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; ACR: albumin to creatinine ratio; GFR: Glomerular filtration rate; SBP: systolic blood pressure; DBP: diastolic blood

pressure
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Table 2. Comparisons on nutrient intakes between intensive and conventional DM educations

Baseline Year 2003 Year 2005
Total Intensive Conventional Total Intensive Conventional F
Nutrients n % n % n % n % n % n %
95 100.0 61 64.2 34 35.8 95 100.0 61 64.2 34 35.8
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Energy (Kcal) 2205.3 506.3 2247.2 550.9 2130.1 411.6 1994.6 786.0 1924.1 775.5 2121.0 800.5 4.227
Protein (g) 83.9 22.5 86.1 23.7 79.9 19.9 66.5 25.9 63.8 22.8 71.4 30.5 5.12"
Fat (g) 78.8 23.5 80.6 24.5 75.6 214 65.4 29.8 64.2 28.3 67.5 32.5 1.52
Carbohydrate (g) 283.9 69.8 288.5 69.0 275.5 71.5 265.3 88.5 256.1 89.1 281.6 86.3 3.34
Fiber (g) 4.7 2.6 4.9 2.9 4.4 2.0 5.3 3.9 5.2 3.0 5.4 52  0.63
Dietary fiber (g) 15.2 7.1 15.7 7.2 14.4 7.0 16.9 10.3 17.3 9.5 16.1 11.7  0.00
Phosphorous (mg) 1037.1 315.0 1072.2 309.2 974.1 320.0 965.1 4533 962.9 476.5 969.2 415.2 1.08
Iron (mg) 11.5 8.5 12.1 9.4 10.4 6.6 11.4 10.7 11.3 11.4 11.5 9.5 043
Vitamin A (mg) 2185.6 3505.6 2049.7 3466.1 2429.6 3614.8 1076.3 2440.7 1198.6 2988.4 856.8 808.7  0.60
Vitamin B1 (mg) 1.8 35 1.6 2.2 2.3 5.1 1.3 3.8 1.4 4.3 1.2 29 0.89
Vitamin B2 (mg) 1.2 0.6 1.2 0.7 1.0 0.5 1.1 0.7 1.1 0.7 1.1 0.7 077
Vitamin B6 (mg) 1.6 0.7 1.6 0.8 1.5 0.7 1.4 1.0 1.4 1.0 1.6 1.0 1.33
Vitamin B12 (mg) 5.1 4.8 4.4 2.7 6.5 7.0 5.5 9.3 3.8 4.7 8.4 14.0 1.24
Vitamin C (mg) 163.0 121.6 171.1 131.0 148.5 102.7 163.5 163.9 141.7 96.1 202.6 2393  4.50%*
Vitamin E (mg) 8.2 4.0 8.8 4.1 7.2 3.6 6.0 3.0 6.1 3.0 5.9 3.1 2.54
Niacin (mg) 19.1 9.6 19.4 9.7 18.7 9.6 18.1 11.9 18.2 12.0 18.0 11.9 0.04
Cholesterol (mg) 290.6 199.4 312.2 216.3 251.8 160.4 240.3 213.3 225.5 198.6 266.8 238.3 3.63
Calcium (mg) 417.3 278.9 4334 243.9 388.3 334.7 3953 262.7 392.9 240.7 399.5 301.9 047
Sodium (mg) 1817.5 2505.4 2028.2 3033.5 1439.4 959.2 1394.8 978.6 1444.2 1030.6 1306.2 885.5 0.78
Potassium (mg) 2207.4 714.3 2304.7 784.4 2033.0 534.7 2118.5 956.2 2123.6 886.8 2109.5 1,083.6 1.34
Magnesium (mg) 2422 85.2 245.9 82.5 235.6 90.8 258.8 178.7 258.5 188.1 259.4 163.2  0.08
Zinc (mg) 9.5 2.8 9.8 3.2 9.0 2.1 8.3 3.6 8.1 3.5 8.8 37 3.0

Hkok

F value was generated for comparing change over time in two treatments, i.e. treatment differences in (time2-timel). It was a mixed model."0.01<p< 0.05; 0.001< p<0.01; *"p<0.001.
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Table 3. Proportions of uses and changes of medications for diabetes or lipids in the three HbAlc trajectory groups.

Medication

All (n, %) Low (n, %) Median (n, %) High (n, %) X
Medication type
1 year before study entry
Insulin 58 (5.3) 16 (3.1) 25 (6.0) 17 (10.8) 1477
Biguanides 896 (82.1) 395 (76.7) 357 (85.4) 144 (91.1) 22.1°"
Sulfonylurea 990 (90.7) 438 (85.1) 396 (94.7) 156 (98.8) 39.8™
Thiazolidinedione 126 (11.6) 33 (6.4) 64 (15.3) 29 (18.4) 26.3™
a-Glucosidase Inhibitors 66 (6.1) 23 (4.5) 26 (6.2) 17 (7.8) 8.46"
Statin 409 (37.5) 201 (39.0) 163 (39.0) 45 (28.5) 6.40°
Between 3 month before and 4.5 years after study entry
Insulin 129 (11.8)™ 24 (4.7) 55 (13.1)™" 50 31.7)"" 85.6™"
Biguanide 923 (84.6) 406 (78.8) 375 (89.9) 142 (89.9) 24.9™
Sulfonylurea 933 (85.5)™" 421 (81.8) 369 (88.3)™" 143 (90.5)™ 1.7
Thiazolidinedione 224 (20.5)™" 65 (12.6)"" 117 (28.0)™" 42 (26.6) 37.57
a-Glucosidase inhibitor 169 (15.5)™" 55 (10.7)"" 76 (18.2)™" 38 (24.1)" 20.3"
Statin 417 (38.2) 202 (39.2) 154 (36.8) 61 (38.6)" 6.40°
Number of medications’
1 year before study entry
Any one 1076 (98.6) 503 (97.7) 415 (99.3) 158 (100) 7.00°
Any two 906 (83.0) 390 (75.7) 367 (87.8) 149 (94.3) 40.5™
3 or more 441 (40.2) 180 (35.0) 191 (45.7) 70 (44.3) 1227
Between 3 months before and 4.5 years after study entry
Any one 1074 (98.4) 503 (97.7) 415 (99.3) 158 (100.) 8.58"
Any two 943 (86.4) 409 (79.4) 385 (92.1) 149 (94.3) 41.4™
3 or more 541 (49.6) 200 (38.8) 239 (57.2) 102 (64.6) 476"

Hkok

*0.0l§p<0.05; **0.001§p<0.01; p<0.001 for comparing differences among groups using overall chi-squared test.

Sum of the listed medications. *0.0l§p<0.05; **0.001§p<0.01; mp<0.001 for comparing changes in using a certain drug over time using Cochran’s Q test.
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Table 4. Factors associated with HbA 1c in the three groups, accounting for temporal effects

Variable Coefficients p
Age (years) -0.008 0.013
Women vs m 0.043 0.477
Education
[lliterate vs. college and above 0.140 0.239*
Literate & elementary vs. college + 0.169 0.01 1*
Middle school vs. college + 0.140 0.030
Family history of diabetes (Yes) 0.003 0.947
Current smoker (Yes) -0.003 0.962
Betel nut chewing (Yes) -0.008 0.931
Alcohol drinking (Yes) -0.026 0.642
Duration of DM 0.020 <0.0001""
Intensive DM education (Yes) -0.146 0.021 .
BMI (kg/m®) -0.017 0.0109
Groups "
Intermediate vs. low 1.612 <0.0001 .
High vs. low 3.627 <0.0001
Interaction (conventional and low group as reference) X
Intensive DM education & median 0.197 0.028
Intensive DM education & high 0.226 0.147
Increased number of medication from baseline
1 0.063 0.181
2 or more -0.087 0.409
70.01< p< 0.05; 0.001< p<0.01; *"p<0.001
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Figure 1. Trajectories of HbAlc. The solid line is the average observed value, whereas the dashed line is the average estimated value

after grouping

ords were not routinely kept and those available were
expressed in nutrient terms for the DMIDS project. Inso-
far as these data allow, we can say that with the ‘best
dietary education’ total energy, protein and vitamin C
intakes were reduced, so that there was no identifiable
improvement in dietary quality (Table 2). Thus, it is con-
ceivable that an achieved reduction in energy intake has
been misinterpreted as success when it has compromised
dietary quality, now known to be important not just in
regard to glycaemic control, but also the likelihood of
complications. Therefore, the current approach to dietary
management may itself be a contributor to the inability to
change the trajectories of glycaemic control and of com-

plication rates.

Progression of indicators

Body composition

Often, weight loss is welcomed in management of type 2
diabetes, but here it occurred with poor glycaemic control
reflected in persistently elevated HbAlc levels. It would
be expected that the phenomena usually seen with hyper-
glycaemia, namely osmotic diuresis and muscle break-
down with excessive gluconeogenesis from amino acids,
leading to sarcopenia, would explain the weight and BMI
findings here. Nevertheless, WC decreased as well,
which, if it represents a reduction in abdominal obesity, is
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Figure 2. Temporal changes of the diabetes related indices based on the three groups. # indicates group difference. The high group is the

reference group.§ indicates time difference. The 48 month value is
group and the 49 month value is the reference.

likely to be a favorable contributor to the weight change
alongside unfavorable body compositional changes.

A weight trajectory study in diabetes concluded that
weight loss, possibly some fat loss, at the time of diagno-
sis was an important predictor of future glycaemic con-
trol.”> We looked at this from a different angle. Our study
took a longer-term perspective of weight loss in type 2
diabetes with worse HbAlc, which, if recognized early,
might alert to opportunities to maintain a healthier body
composition.

the reference value.t indicates group X time interaction. The high

Lipoproteins

In the Taiwanese general population, higher TG are asso-
ciated with relatively higher HDL-C than in Caucasians.
Lipoprotein susceptibility to a high glycemic trajectory
may be different in this population, and the quality of the
higher HDL-C may be more reflective of a chronic in-
flammatory state than of more effective reverse choles-
terol transport from atherosclerosis-vulnerable arteries.
“Bad” HDL-C is found in various inflammatory disease
states.” The rise in HDL-C may not represent less cardi-
ovascular risk in this situation. The steady-state LDL-C
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Figure 3. Comparisons of incidence of comorbidities among the three groups. All hazard ratios (HR) were adjusted for age and BMI.
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(cont.)

in this study may represent a form of resistance or adap-
tation to persistent glycemic trajectories in each stratum.

Blood pressure

The trajectories of SBP and DSP were dissociated, with
that for SBP projecting upwards for all glycemic trajecto-
ries and that for DBP remaining unchanged. The respons-
es among our study subjects may not be generalizable to
other populations because of differences in the preva-
lence of these two forms of hypertension. Studies have
observed that elevated diastolic BP being more common
than elevated systolic BP in Chinese Taiwanese com-
pared to their prevalence in Caucasians.”?® This disso-
ciation may signal general difficulty in patient adherence
to low sodium: potassium ratio diets in Taiwan, which
would accentuate this problem with time.”’

Persistent glycemic trajectories

The term “metabolic memory” has been used to describe
the situation in which glycemic control at the early stage
of the disease could persist for a long time.”® Much focus

has been placed on the negative effects of non-intensive
treatment at early stages.” In turn, a diversity of “memo-
ries” may allow or disallow one complication compared
with another, as appears to be the case in our various gly-
cemic trajectories. In our study, glycemic trajectory pre-
dicted the development of nephropathy. Whatever the
underlying glycemic disorder, early intensive glycemic
control at its high end is warranted.®*

Use of pharmaceuticals

There was greater use of both insulin and oral anti-
hyperglycemic medications of all types used in Taiwan in
the high trajectory patients (Table 2). Where there was
use of only one or two medications, this did not change
much over time, whereas the use of three medications
increased slightly in the intermediate and high groups. It
seems that physicians were satisfied with keeping pa-
tients at a stable HbAlc level, instead of lowering it.
Some have identified a reluctance of physicians to in-
crease medication usage in diabetes management, which

they have termed “physician inertia”.*"
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We found that total cholesterol decreased and HDL-C
increased with time in the high trajectory group. This
raises the possibility that there is a lipoprotein-metabolic
phenomenon operating in this group. We have considered
that weight loss might have accounted for the fall in total
cholesterol, but LDL did not differ among the groups or
change with time. This leaves us with reciprocal changes
between VLDL-TG and HDL-C (Figure 2). These are
favorable changes by current convention (although the
literature now refers to “bad” HDL). Perhaps it is because
the use of all oral anti-hyperglycemic agents and insulin
have increased with time and been lipid-favorable.
Alternatively, sustained high glycemic status may induce
compensatory and CVD risk---favorable changes in
lipoprotein status.

Factors associated with HbAIc level

The differences in education level implied people with
higher education took better care of themselves. In addi-
tion, those who received intensive education had lower
HbAlc levels. The magnitude of the trajectory group
difference in HbA1c was around 2%; but education inter-
vention could only account for <0.2% HbAlc, which
would not move patients from the high to a lower group.
It is clear that prevalent and multiple drug therapy with
oral anti-hyperglycemic agents or insulin does little for
those with the high HbAlc trajectory over a period of 4.5
years. Thus, while the potential value of avoidance of the
high glycemic trajectory, through early and effective
management, is evident, present measures are not able to
realize this goal. Changing diet has been difficult, even it
has been the major lifestyle intervention on DM. Even
though most of DM patients claimed they practice diet
control, *! their actual dietary intakes might not meet the
standard. Creative and easily implemented ways in diet
control are needed.

Limitations

Patients recruited were not necessarily newly diagnosed;
however, they did not have major diabetes complications
at entry. Nevertheless, newly diagnosed subjects often
present with conditions other than diabetes and where
there has been a delay in diagnosis so that they may not
be very different from our study population. This is espe-
cially so since patients treated in local or community clin-
ics are considered less severe and more stable than those
in regional hospitals or medical centers. However, within
about 4.5 years, we observed the emergence of diabetes
complications and more so in patients in the high HbAlc
group. A longer period of follow-up might have changed
the picture of HbAlc persistence and its relevance, most
likely towards greater severity of outcomes.

The dietary records were only available in 95 patients.
Among the study sites, only one site recorded the nutrient
intakes. Nevertheless, the results were published for this
site.” The information of food intakes was converted to
nutrients. It would be more informative if food infor-
mation was available.

Our observation of stratified HbAlc persistence seems
to represent inadequately developed clinical diabetes
programs in Taiwan for the high end of HbAlc, despite
the intention that the DMIDS project represents best

practice as we know it. But inadequate HbAlc trajectory
control by current clinical standards is unlikely to explain
persistence within a given stratum widely divergent from
the other strata. Aside from the characteristics of clinical
programs or poorly understood metabolic biology as lim-
iting for optimal glycaemic control, our findings may also
represent entrenched personal behaviors in a societal sec-
tor.>! As for what biological explanations there might be
for the stratification or its consequences it may represent
a form of metabolic memory. It may also have a partial
genetic, familial or epigenetic basis.*

Conclusions

Assignment to a high HbAlc group at an early stage can
identify patients with diabetes whose health indicators
progressively deteriorated over a period of 4.5 years, with
the corollary that those in the intermediate and low
HbAlc groups have persistent relative advantages. How-
ever, novel strategies beyond current education and
pharmacotherapeutic regimens are needed to lower
HbAlc by at least 11 mmol/mol (2%) in absolute terms
for the high HbAlc group to minimize comorbidities.
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