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Abstract

Objectives

Disease registry for diabetes care encourages transparency and benchmarking of quality of

care (QoC) measurements for all service providers and seems to improve diabetes care.

This study evaluate changes over time in QoC measurement performance in a large diabe-

tes registry among newly diagnosed diabetics and it association with mortality.

Methods

Retrospective cohort study of patients in a large health maintenance organization diabetes

registry from years 2000 to 2013. We identified 58,182 patients diagnosed with diabetes

from 2000–2008 and examined the level of performance for seven QoC measurements

(HbA1c, LDL, albumin-creatinine-ratio, fundus/foot examinations, BMI and Blood-pressure)

at diagnosis year. We also searched data regarding visits to dietitians or endocrinologists,

and purchase of diabetes and statin medications. We used Mantel-Haenszel’s χ2 test to

assess QoC performance and mortality rate by calendar year of entry into the registry, and

Cox regression to calculate hazard ratios (HRs) and 95% confidence intervals (CIs) for all-

cause mortality up to 5 years from diagnosis adjusted for age, gender, socio-economic sta-

tus and comorbidities.

Results

The total QoC measurements improved from a mean of 2.71 tests performed in 2000 to

5.69 in 2008 (p<0.001). The mortality rate dropped from 7.7% in 2000 to 5.7% in 2008

(p<0.001). Patients with more QoC measurements performance who visited a dietitian and

purchased statin medications had a lower mortality risk (HRs (95% CIs) 0.89 (0.87–0.92),

0.83 (0.76–0.91) and 0.70(0.65–0.75) respectively). Visits to endocrinologists and pur-

chases of oral diabetes medication and insulin were associated with a higher risk of mortality

(HRs (95% CIs) 1.20(1.07–1.35), 1.35(1.26–1.46) and 3.36(2.92–3.87) respectively).
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Conclusion

Performance of QoC measurements including visiting a dietitian and purchase of statin

medications were associated with lower mortality in patients with diabetes. It may be that

the early active involvement of the patients in their care plays a protective role in long term

mortality.

Introduction

The global prevalence of diabetes among adults 18 years and above has risen from 4.7% in

1980 to 8.5% in 2014, and diabetes is expected to become the seventh most common cause of

death in the world [1]. The trend in Israel is similar, with a prevalence of diabetes among adults

aged 18+ years in 2011 of 9.1% that increased to 9.7% in 2015 [2]. Patients with diabetes are at

increased risk for morbidity and mortality compared to the general population [3–6].

Diabetes Registries aid health care providers in establishing standardized criteria for follow-

up of patients, targeted interventions and calculation of quality measures. Quality of care mea-

sures can be calculated on the basis of automated patient care data recorded for registry mem-

bers [7–8].

Israel established a national program for quality assessment of community healthcare in

2004 [9]. Each measure assesses the proportion of patients in a given target who received a spe-

cific service known to be associated with high-quality care. The program [10] has reported

substantial improvements in most QoC measurements during the years 2008–2010. An eco-

logical study demonstrated an association between improvement in performance for these

quality indicators for diabetes and improvement in diabetes-related health status and mortality

[11].

Numerous healthcare organizations have built diabetes registries in order to consistently

identify their members with diabetes. Registries enable the collection of data from all medical

interactions in order to generate feedback for the primary care teams. Performance on stan-

dard quality of care QoC measures reflects the extent to which providing feedback to care pro-

viders improves outcomes [7,12–13]. Process QoC measures generally focus on the proportion

of patients in the target population who receive specific interventions, for example foot exami-

nations, eye examinations and laboratory monitoring. A study of patients with DM2 in eight

Western New York counties showed that patients treated in practices that maintained diabetes

registries demonstrated better compliance with recommended laboratory tests and a lower

hospital utilization rate than patients treated in other practices [14].

QoC measures are developed on the basis of data regarding factors associated with

improved outcomes derived from observational studies and large-scale clinical trials. Each

measure is an indicator of the extent to which a patient receives recommended monitoring

and treatment. QoC measures, such as the monitoring of glycemic control, to assess outcome

is well-recognized [15–16]. However data on the association of level of performance for QoC

measures and the incidence of diabetic complications and mortality in real-life situations

among new onset diabetics are scarce. It is important to measure the extent to which new

onset diabetics receive optimal monitoring and treatment (as measured by QoC measures)

during the first year after a new diabetes diagnosis, and whether delivery of optimal care at the

start is in fact associated with improved outcomes in the long term.

The present study used data from a large diabetes registry to evaluate changes over time in

performance of QoC measures among new onset type 2 diabetics. We then assessed the
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relationship between performance of QoC measurement and all-cause mortality rate in this

population.

Materials and methods

Setting

We used the diabetes registry of Maccabi Healthcare Services (MHS) to conduct this retrospec-

tive cohort study. MHS is Israel’s second largest HMO serving over 2 million members and

covering 25% of the population nationwide. MHS maintains computerized databases of ser-

vices provided to members, including physician visits, hospital admissions, laboratory tests

and pharmacy purchases. Physician visit records include at least one diagnosis coded accord-

ing to ICD-9. The Israeli health system provides universal coverage for a comprehensive basket

of health services [17] with few dropouts, and it is therefore assumed that the vast majority of

services received by MHS members are captured by the MHS administrative data system. Per-

sonal identity numbers allow linkage of all patient care data at the individual level, and also

enable linkage to other MHS registries, such as the cardiovascular registry and the chronic kid-

ney disease registry. Information on vital status is updated on a monthly basis by the National

Insurance Institute. Socio-economic status (SES) was defined according to patient residence

and the 2008 population census conducted by the Israel Central Bureau of Statistics. SES is

ranked along a 10-point ordinal scale then classified into low (levels 1–4), medium (5–7), and

high (8–10) groupings. Data are also obtained from the MHS cancer, renal disease and cardio-

vascular disease registries. Validation of these chronic disease registries has been described in

detail elsewhere [18–19].

In 2002, the MHS developed a model that links performance measurement to a strategy for

improving healthcare [20]. QoC measures for patients with diabetes were among the first to be

included. As of 2004, the MHS was required to report similar QoC measurements annually to

the Ministry of Health as a part of National Program for Quality Indicators [9].

Study population in the diabetes registry

The MHS diabetes registry was established in 1999 and has been described in detail elsewhere

[21–22]. Briefly, the registry includes patients who were diagnosed as having diabetes accord-

ing to laboratory criteria of glucose or glycated hemoglobin (HbA1c) level and/or diabetic

medication purchase. The criteria for entry into the diabetes registry are based on the disease

criteria suggested by the American Diabetes Association (ADA) [23], including fasting blood

glucose of�126 mg/ml or a casual plasma glucose concentration of�200 mg/dl. The registry

is ongoing, updated and validated by physician feedback. There is incomplete differentiation

in the registration between Type 1 and Type 2 diabetes. For this reason, consequently, we lim-

ited the study population to new onset diabetics age 40 and older at diagnosis such that the

likelihood of including Type 1 diabetes was extremely small. Women diagnosed with gesta-

tional diabetes were also excluded from the current analysis.

The study population included members of the registry over the age of 40 years who first met

registry entrance criteria between January 1, 2000 and December 31, 2008. The entry date to the

registry served as the index date for the purpose of follow-up. The total follow-up period lasted

until study closure on December 31, 2013, death or leaving MHS whichever occurred first.

Measurements

The MHS has established several QoC measurements to assess treatment given to patients

with diabetes [22]. The QoC considered in this study were 1) Glycosylated hemoglobin
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(HbA1c), 2) low density lipoprotein (LDL), 3) albumin/creatinine ratio (ACR), 4) measure-

ment of weight and height for the calculation of body mass index (BMI), 5) Fundus exam, 6)

foot exam, and 7) measurement of blood pressure. Compliance with a measure was defined as

receipt of the service within one year of a diabetes diagnosis.

For each patient we calculated the total number of QoC tests performed (of a possible 7 in

total) during each twelve-month period following the index date. In order to assess severity of

disease at the time of diagnosis, we searched pharmacy purchasing records to determine

whether there had been at least one purchase of medication from any of the following groups

during the first year after the index date: oral diabetes medications (sulfonylureas, biguanides

or any oral medication), insulin treatment, and lipid-lowering drugs (statins). In addition, we

searched provider visit records for visits with endocrinologists and dietitians in the first year

following index date. It is important to emphasize that the QoC measures considered here are

process and not outcome measures and it was not our intention to use these measures to evalu-

ate the level of control (for example of HbA1c). Therefore, all study subjects could be included

in the analysis, whether or not specific measures were performed.

In order to identify patients diagnosed as having cancer, cardiovascular or renal disease

prior to index date, we linked the study group to appropriate registries that record these

patient details. A previous history of cancer was defined as the presence in the MHS cancer

registry of diagnoses prior to the index date. A subject was deemed to have renal disease if esti-

mated glomerular filtration rate (eGFR) was less than 60 (ml/min/1.73m2) on at least one occa-

sion, or eGFR was greater than 60 (ml/min/1.73m2) with at least two abnormal urinary protein

results during the three months prior to or following the recorded eGFR. Subjects appearing

in the MHS cardiovascular disease registry with a diagnosis of congestive heart failure, atrial

fibrillation, myocardial infarction, ischemic heart disease, cerebrovascular accident or tran-

sient ischemic attack prior to the index date were considered to have a diagnosis of cardiovas-

cular disease. The cardiovascular diseases definitions have been described in detail elsewhere

[18].

Statistical analyses

We examined the distribution of demographic and clinical characteristics of the study popula-

tion overall and by calendar year of entry into the registry. Changes in the distribution of these

characteristics were tested for statistical significance with the Mantel-Haenszel’s χ2 test for lin-

ear trend for categorical variables and Student’s t test or ANOVA for continuous variables.

P< .05 was considered significant for all analyses. Cox proportional hazard models was used

to estimate Hazard Ratios (HRs) for mortality with 95% confidence intervals (CIs) up to 5

years after the index date, adjusting for such factors as age at entry, gender, SES level and pres-

ence of comorbidities. Follow-up was limited to five years in order to allow for complete

assessment of outcomes for all subjects, regardless of calendar year of entry. Our first model

included only measures of services during the first year after diabetes diagnosis. To allow for

the effect of a previous cancer diagnosis on survival, we stratified the Cox proportional hazard

models by cancer history status. The second model included the total number of QoC tests

performed in each year of follow-up as a time-dependent variable. The follow-up period was

until one year prior to death, leaving MHS or the end of the study period, whichever occurred

first. The third model was limited to study subjects who received HbA1c, LDL and blood pres-

sure measurement within the first year following diagnosis, and included the mean values of

these measures recorded during the index year, as well as the total number of QoC test per-

formed as a time-dependent variable. In addition, we analyzed the association between years

of follow-up and trends of change in those three indices results using generalized estimating
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equation (GEE) model with repeated measures over time. These models were adjusted for all

variables in study: year of diabetes diagnosis, total performance of QoC tests during the first

year of diagnosis, age, gender, SES level, visits to dietitians and endocrinologists, purchase of

diabetes and statin medications and cardiovascular and renal disease prior to the diagnosis of

diabetes. The analysis was carried out using SPSS version 22 (SPSS Inc., Chicago, IL) and

STATA version 12 (StataCorp LLC, College Station, Texas).

Approval was obtained from the Institutional Review Board (IRB) and Ethics Committee

(Helsinki) of MHS—Bayit Balev, Helsinki approval number 3/2014.

Results

As of 2008, 84,876 MHS members had been included in the diabetes registry. Of these 58,182

met the criteria of new onset diabetes for the period of the study. Table 1 shows the number of

new onset diabetics calendar year and the distribution of demographic and health characteris-

tics in the index year. The number of newly diagnosed diabetics was quite stable over the

years, i.e., about 6,000 patients per year.

While mean age distribution varied significantly during the period of the study, these differ-

ences were not felt to be of clinical significance (Table 1). Gender and SES distribution did not

varied significantly during the period of the study. With the exception of percent compliance

with LDL testing, which was already high in 2000, the rate of performance of the other quality

measures increased significantly over the period of the study. With regard to diabetes treat-

ment, there was a reduction in the use of sulfonylureas drugs and an increase in the use of

biguanides (from 29.2% to 12.2% [p<0.001] and from 36.5% to 59.7% [p<0.001], respectively)

over time. Overall medication use in the first year of diagnosis increased with calendar year of

diagnosis (from 51.1% to 63.5% [p<0.001]). Insulin use during the first year after diagnosis

nearly doubled over this period, rising from 3.9% in 2000 to 6.3% in 2008 (P<0.001). We

observed an increase in the performance of QoC measurements between 2000 and 2008. Mean

number of QoC measures performed per patient rose from 2.71 to 5.69. Moreover, among

patients who performed HbA1c or LDL tests or blood pressure measurement, we observed a

trend of improvement over the years in the mean values of these indices (Fig 1).

Table 2 shows the mortality rate in the first year of diagnosis and from the second year

onward. Calendar year of diagnosis was not associated with the risk of mortality within the

first year of the index date (χ2
(MH) = 3.21, p = .073). There was, however, an apparent reduction

in mortality from the second year of diabetes diagnosis onwards during the period of the

study, from 7.7% among diabetics diagnosed in 2000 to 5.7% in diabetics diagnosed in 2008

(χ2
(MH) = 38.94, p< .001). The standardized mortality rate (SMR), adjusted for age, among

new onset diabetics over years 2–5 of the study period shows an excess mortality among the

diabetes patients compare to all MHS population age 40+ in every diagnosis year.

Cox proportional hazard models were applied to estimate mortality Hazard Ratios (HRs) at

2–5 year after diabetes diagnosis (mean follow-up 4.88 years, median follow-up 5.0 years); all

the variables met the criteria of proportionality over time (Table 3). This analysis excluded

patients who died (n = 1,039) during the first year of diagnosis, assuming that most of those

deaths were not due to complications of diabetes. A total of 57,143 newly diagnosed diabetics

were included in the analysis, 3,679 of whom died within study years 2–5. The year of diabetes

diagnosis and the patient’s age, gender, SES, history of cardiovascular and kidney disease were

included in the model for adjustment.

Table 3 presents the results of the Cox proportional hazards analyses. In model 1, among

new onset diabetics with no history of cancer, variables that may indicate the severity of diabe-

tes at the time of diagnosis, such as a visit to an endocrinologist, purchase of oral diabetic

Adherence to quality of care measurements among patients with new onset diabetes and mortality
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medication and purchase of insulin treatment were associated with mortality (HR 1.20 95% CI

1. 07–1.35, HR 1.35 95% CI 1.26–1.46, and HR 3.36 95% CI 2.92–3.87, respectively). A number

of factors appear to be associated with reduced risk, among them a visit to a dietitian (HR 0.83

95% CI 0.76–0.91), total number of QoC measurements performed within one year of the

index date (HR 0.89 95% CI 0.87–0.92), and purchasing of lipid-lowering treatment (statins)

(HR 0.70 95% CI 0.65–0.75). For Model 2, we included QoC test performance as a time-depen-

dent variable and found that compliance with QoC measurements over the course of the fol-

low-up period was associated with reduced mortality (HR 0.83 95% CI 0.81–0.84). This effect

Table 1. New onset diabetics by year of diagnosis and baseline characteristics.

Diabetes diagnosis year

2000 2001 2002 2003 2004 2005 2006 2007 2008

Total new onset diabetics 6,597 7,412 6,475 6,385 6,588 6,352 6,445 6,374 5,554

Demographic & health characteristics

mean age�� 60.24 60.48 59.56 59.92 60.38 60.28 60.20 59.89 59.84

median age 59.78 59.89 58.16 58.02 58.46 58.70 58.92 58.92 58.98

Gender-male % 52.4 52.4 53.7 53.7 52.1 53.8 54.3 53.4 53.4

QoC measurements

HbA1c test�� % 87.9 88.0 89.4 91.3 93.4 94.4 95.9 96.6 97.0

HbA1c mean 7.76 7.45 7.35 7.33 7.23 7.03 7.13 7.15 7.26

SES: low 24.8 23.2 24.9 24.5 23.1 24.4 24.5 22.7 24.9

medium 58.3 59.6 57.4 57.9 58.3 58.0 57.8 59.1 58.2

High 17.0 17.2 17.7 17.7 18.6 17.6 17.8 18.2 16.8

ACR test�� % 18.6 24.7 29.8 37.5 43.9 58.9 71.4 78.3 80.1

ACR mean�� 47.50 36.84 26.87 28.27 26.65 27.96 28.42 26.22 29.60

BMI measurement�� % 0.5 6.7 15.6 19.4 31.7 48.6 68.4 83.1 88.5

BMI mean�� 32.55 31.61 31.68 31.99 31.44 31.56 31.41 31.29 31.49

LDL test�� % 95.7 96.8 97.2 98.5 98.8 99.2 99.3 99.5 99.2

LDL mean�� 124.90 125.08 127.66 135.74 134.73 133.34 128.76 124.88 122.19

Blood pressure

measurement %

76.6 77.4 76.1 72.6 73.3 74.4 77.2 79.7 81.1

Systolic mean�� 145.10 143.04 138.35 135.97 135.17 135.12 134.73 134.09 134.18

Diastolic mean�� 83.26 82.65 81.88 81.49 80.92 80.94 80.62 80.28 80.14

Fundus examination�� % 21.1 23.4 25.9 29.2 34.2 38.7 44.2 53.3 57.1

Foot examination�� % 2.0 1.8 4.8 7.1 9.3 12.9 21.6 37.6 49.0

Total QoC measurements��, mean 2.71 2.89 3.38 3.78 4.09 4.51 5.00 5.47 5.69

Endocrinologist visits�� % 12.1 10.8 11.3 12.5 11.3 14.1 12.8 15.5 17.6

Dietitian visits�� % 1.8 18.4 39.8 43.2 43.5 45.8 47.9 47.9 48.1

Drug purchases yes/no (at least 1 purchase = 1) %:

Sulfonylureas�� 29.2 23.2 19.5 16.3 14.1 14.1 13.0 11.0 12.2

Biguanides�� 36.5 35.3 38 41.2 40.0 44.6 47.9 51.9 59.7

Purchase at least 1

oral drug ��
51.1 47.2 46.9 48.1 45.6 49.9 52.5 55.2 63.5

Insulin purchase�� 3.9 2.8 2.5 2.6 2.8 3.6 3.6 4.0 6.2

Variables presented as mean ± SD or %

� P < .05 and

��P�.001

Abbreviations: HbA1c, (hemoglobin A1c); BMI, body-mass index; ACR, albumin/creatinine ratio)mg/dl); LDL, low-density lipoprotein(mg/dl); SES, socio-economic

status

https://doi.org/10.1371/journal.pone.0208539.t001
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remained after adjustment for level of Hba1c, LDL and blood pressure measures in the index

year (Model 3—HR 0.86 95% CI 0.84–0.88).

Discussion

In this retrospective cohort study of 58,182 newly diagnosed diabetes patients from the MHS

diabetes registry we observed an improvement in the performance of QoC measurement tests

Fig 1. Trends in levels of Hba1c, LDL, systolic and diastolic blood pressure during five years of follow-up. Abbreviations: LDL = low

density lipoprotein.
�

Analysis using Generalized Estimating Equation, the coefficients (95% confidence interval) indicate mean change in

level of each QoC measurements values per year, adjusted for all variables in study: year of diabetes diagnosis, total performance of QoC tests

during the first year of diagnosis, age, gender, socio-economic status, visits to dietitians and endocrinologists, purchase of diabetes and statin

medications and cardiovascular and renal disease prior to the diagnosis of diabetes.

https://doi.org/10.1371/journal.pone.0208539.g001

Table 2. Mortality among new onset diabetics by year of diagnosis.

Year of diagnosis Newly diagnosed diabetics Mortality in the first year after

diagnosis

Remaining newly diagnosed diabetics Mortality 2–5 years after

diagnosis

N N (%) SMR (95%CI) N N (%) SMR (95%CI)

2000 6,597 108 (1.6) 1.12 (0.90–1.34) 6,489 500 (7.7) 1.41 (1.29–1.53)

2001 7,412 115 (1.6) 1.06 (0.86–1.26) 7,297 512 (7.0) 1.24 (1.12–1.36)

2002 6,475 107 (1.7) 1.16 (0.94–1.38) 6,368 381 (6.0) 1.22 (1.10–1.34)

2003 6,385 119 (1.8) 1.28 (1.04–1.52) 6,266 417 (6.7) 1.32 (1.20–1.44)

2004 6,588 116 (1.8) 1.43 (1.18–1.88) 6,472 405 (6.3) 1.33 (1.19–1.47)

2005 6,352 140 (2.2) 1.61 (1.22–1.76) 6,212 411 (6.6) 1.49 (1.35–1.63)

2006 6,445 121 (1.9) 1.49 (1.22–1.76) 6,324 382 (6.0) 1.43 (1.29–1.57)

2007 6,374 109 (1.7) 1.43 (1.16–1.70) 6,265 360 (5.8) 1.45 (1.29–1.57)

2008 5,554 104 (1.8) 1.72 (1.39–2.05) 5,450 311 (5.7) 1.46 (1.30–1.62)

Total 58,182 1,039 (1.8) 57,143 3,679 (6.44)

χ2
(MH) = 3.21, df = 1, p = .073 χ2

(MH) = 38.94, df = 1, p< .001

SMR, standardized mortality rate

https://doi.org/10.1371/journal.pone.0208539.t002
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over the years 2000–2008. While ACR and BMI were performed during the index year in less

than 1.0% of diabetics diagnosed in 2000, the proportion rose to nearly 90.0% among diabetics

diagnosed in 2008. Similarly, the proportion of subjects having a visit to a dietician rose from

1.8% among the 2000 cohort, to nearly 50.0% in the 2008 cohort. These findings are similar to

findings from American Veterans Affairs system, which documented significant quality

improvement in diabetes care indicators following reengineering at all levels of the healthcare

system [24–25].

Structured QoC measures for monitoring the appropriate performance of diabetic care

have become an established part of the MHS internal organizational assessment [20–21].

According to our findings, there was no decrease in the average age of the member at the time

of diagnosis, but there did appear to be an increase in the intensity of treatment in the first

year. Specifically, more patients received hypoglycemic oral medication therapy and insulin

treatment.

Table 3. Cox proportional hazard models for prediction of mortality at 2–5 years following diagnosis with malignancy vs. patients with no history of malignancy.

Model 1 Model 2 Model 3

Prediction of death among

patient with malignancy

(N = 3,789, events = 689)

Prediction of death among

patient with no history of

malignancy

(N = 53,354, events = 2,990)

Prediction of death among

patient with no history of

malignancy

(N = 53,354, events = 2,990)

Prediction of death among

patient with no history of

malignancy

(N = 35,827 events = 1,840)

Baseline characteristics at

the first year of diagnosing:

HR(95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Year of diabetes Diagnosis 1.05 (1.01–1.09)�� 1.01 (0.99–1.02) 1.01 (1.00–1.03) 1.02 (0.99–1.04)

Gender (male = 1) 1.13 (0.97–1.32) 1.37 (1.28–1.48) ��� 1.38 (1.29–1.50) ��� 1.45 (1.32–1.60) ���

Age at diabetes diagnosis 1.04 (1.04–1.05) ��� 1.10 (1.09–1.10) ��� 1.09 (1.09–1.10) ��� 1.09 (1.09–1.10) ���

SES: medium (reference low) 0.45 (0.38–0.54) ��� 0.61 (0.57–0.66) ��� 0.61 (0.57–0.66) ��� 0.61 (0.57–0.68) ���

High (reference low) 0.44 (0.36–0.55) ��� 0.48 (0.43–0.54) ��� 0.48 (0.43–0.54) ��� 0.48 (0.41–0.56) ���

History of cardiovascular

disease (yes = 1)

1.49 (1.25–1.77) ��� 1.64 (1.50–1.78) ��� 1.67 (1.53–1.81) ��� 1.77 (1.59–1.97) ���

History of kidney disease

(yes = 1)

1.42 (1.17–1.72) ��� 1.45 (1.30–1.62) ��� 1.44 (1.29–1.60) ��� 1.47 (1.29–1.68) ���

Visit endocrinology (yes = 1) 0.87 (0.67–1.12) 1.20 (1.07–1.35) �� 1.21 (1.08–1.36) �� 1.11 (0.97–1.28)

Visit dietitian (yes = 1) 0.91 (0.75–1.09) 0.83 (0.76–0.91) ��� 0.83 (0.76–0.92) ��� 0.88 (0.79–0.97) �

Purchase diabetes oral drug

(yes = 1)

1.29 (1.11–1.50) �� 1.35 (1.26–1.46) ��� 1.34 (1.24–1.44) ��� 1.18 (1.07–1.30) ��

Purchase Insulin (yes = 1) 2.60 (1.88–3.60) ��� 3.36 (2.92–3.87) ��� 3.13 (2.72–3.60) ��� 2.46 (2.05–2.97) ���

Purchase statin (yes = 1) 0.59 (0.50–0.69) ��� 0.70 (0.65–0.75) ��� 0.73 (0.68–0.79) ��� 0.68 (0.62–0.75) ���

Total QoC measurements 0.89 (0.84–0.94) ��� 0.89 (0.87–0.92) ��� 0.83 (0.81–0.84) ��� 0.86 (0.84–0.88) ���

Hba1c (mmol/mol) % 1.17 (1.13–1.21) ���

LDL (mg/dl) 1.00 (1.00–1.00)

Systolic blood pressure

(mmHg)

1.00 (1.00–1.01) ��

Diastolic blood pressure

(mmHg)

0.99 (0.99–1.00)�

Model 1 includes baseline characteristics only. Model 2 include total QoC measurements as a time-dependent variable. Model 3 include total QoC tests as a time-

dependent variable among patients with data extraction of Hba1c, LDL and blood pressure at time of diabetes diagnosis. Levels of significance are denoted as

� < 0.05

�� < 0.01

��� < 0.001.

Abbreviations: LDL = low density lipoprotein; SES, socio-economic status

https://doi.org/10.1371/journal.pone.0208539.t003
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There was a significant improvement in QoC measures, such as BMI, blood pressure, and

foot and fundus examinations throughout the study period. This improvement in the recorded

clinical measures may be partially due to better data recording, and partially to the investments

MHS has made in organizational resources. Other health organizations with Healthcare Qual-

ity Registries, have also shown improved patient care [26–27]. However, we also observed

QoC measurements reflecting the performance of laboratory tests and specialist consultations,

over time, indicating that the observed improvement goes beyond enhanced documentation

and truly reflects better provision of services. This reflects the MHS ongoing effort to use dia-

betes registry data to facilitate dynamic monitoring of selected indices of accepted patient care

with the goal of improving outcomes.

Along with the improved performance for QoC measurements we documented a decrease

in all-cause mortality for the five years following diagnosis from 7.7% in the 2000 diabetic

cohort to 5.7% in the 2008 cohort. This finding corresponds with reports of a decrease in all-

cause mortality among diabetics in Canada and the UK [28] during the period from1996 to

2009, and in a Danish population over a similar period as that of our study [29].

The quality of the care of the patient with diabetes in the first year of diagnosis, as measured

by standard indicators, was associated with reduced risk for mortality. In particular, the total

number of QoC measurements performed in the index year, at least one dietitian visit, and the

purchase of statin medicine were associated with reduced mortality. Furthermore, numbers of

QoC measurements performed in subsequent years were also associated with reduced mortal-

ity. Our finding that subjects who consulted an endocrinologist or purchased oral diabetic

medication or insulin during the index year were at higher risk for mortality, suggest that

these factors are indicators of increased disease severity at diagnosis.

Creating a diabetes registry with effective capture of patient care data facilitates standard-

ized measurements of care quality. Our data indicate that improved performance for these

measurements is correlated with improved outcomes. QoC measurements reflect a composite

of the services provided by MHS the compliance of patients with recommended treatment and

monitoring. It may be that the early involvement of patients in their care, as reflected in com-

pliance with QoC measurements, plays a role in reducing mortality. One example of the effect

is the strong observed association between visits to a dietician in the first year of diagnosis with

reduced mortality; patients who were motivated to visit a dietitian may well have been more

likely to meaningfully change their diet and lifestyle.

This study has several limitations and strengths. The main limitation was its retrospective

nature based on administrative data. For example, we used a medication purchase as a proxy

for the use of that medication. The data on SES was defined by area of residence and not by

personal information. We focused on measures of performance rather than biometric or bio-

chemical measurements. However, among the group of study subjects with consistent perfor-

mance of laboratory examinations or blood pressure measurement, we observed trends of

improvement over the course of the study period in mean values of HbA1c, LDL and blood

pressure. Because the MHS provides a comprehensive basket of health services to all members,

we assume that few patients seek care outside the system and that therefore utilization data

used to calculate QoC measures are complete for all patients during the study period. This

level of coverage, as well as the size of the covered population, represents important strengths

of our study.

This study focused on the performance of QoC measures not on diabetes control. We

explored the improvement in the performance of QoC measures over time and the association

of performance with mortality. Patient compliance during the first year of diagnosis was asso-

ciated with reduce mortality in the long term, and the association appears to be maintained

among patients who remain compliant in subsequent years. Our findings support the policies
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of healthcare organizations that put emphasis on QoC measurements in the setting of diabetes

care. It is not enough for each physician to treat his patient with diabetes to the best of his abili-

ties; the healthcare organization must invest in disease management programs for their entire

patient population based on QoC measurements.
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