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Abstract

Purpose Low self-rated health (SRH) has been found to

be associated with increased risk of type 2 diabetes (T2D)

and with mortality. We examined the possible interaction

between SRH and diabetic state on all-cause mortality in a

large cohort of elderly subjects, followed for 14 years.

Methods During the years 2000–2004, survivors of the

nationwide longitudinal Israel Study of Glucose Intoler-

ance, Obesity and Hypertension were interviewed and

examined for the third follow-up. The 1037 participants

(mean age 72.4 ± 7.2 years) were asked to rate their health

as: excellent, good, fair, poor, or very poor. Glucose cat-

egories were as follows: Normoglycemic, Prediabetes, T2D

and Undiagnosed diabetes. Survival time was defined as

the time from interview to date of death or date of last vital

status follow-up (August 1, 2013). Multivariate Cox pro-

portional hazards models were performed in order to assess

whether SRH interacts with glycemic state in the associa-

tion with mortality.

Results A better SRH was reported by those with undi-

agnosed than known diabetes, and best for normoglycemic

and prediabetic individuals. While all individuals with fair

or poor/very poor SRH were at increased risk of mortality

compared to those with excellent/good SRH, in the known

diabetic individuals a greater hazard was observed in the

excellent/good SRH (HR 3.32, 95 % CI 1.71–6.47) than in

those with fair or poor/very poor SRH (HR 2.19, 95 % CI

1.25–3.86), after adjusting for age, sex, ethnic origin,

marital status, education, BMI, physical activity, CVD,

tumors, and creatinine level (p for interaction = 0.01).

Conclusions Self-rated health is not a sensitive tool for

predicting mortality in elderly men and women with known

T2D.

Keywords Self-rated health � Predictor � Mortality �
Elderly � Diabetes � Cohort � Glycemic state � Joint

association

Background

Several studies [1–8], including two meta-analysis [9, 10],

have reported an association between low self-rated health

(SRH) and mortality, after adjusting for various clinical,

behavioral and sociodemographic risk factors. In an Israeli

sample, low SRH was associated with 4-year, but not

9-year mortality [11].

The association between type 2 diabetes (T2D), defined

as fasting plasma glucose C126 mg/dl or 2-h plasma glu-

cose C200 mg/dl, and increased risk of mortality is well

Electronic supplementary material The online version of this
article (doi:10.1007/s11136-016-1291-9) contains supplementary
material, which is available to authorized users.

& R. Dankner

racheld@gertner.health.gov.il; rdankner@post.tau.ac.il

1 Unit for Cardiovascular Epidemiology, The Gertner Institute

for Epidemiology and Health Policy Research, Sheba

Medical Center, 52621 Tel Hashomer, Israel

2 Department of Epidemiology and Preventive Medicine,

Sackler Faculty of Medicine, School of Public Health, Tel

Aviv University, 61390 Ramat Aviv, Tel Aviv, Israel

3 Patient Oriented Research, The Feinstein Institute for

Medical Research, Manhasset, North Shore, NY 11030, USA

4 Biostatistics Unit, The Gertner Institute for Epidemiology

and Health Policy Research, Sheba Medical Center,

52621 Tel Hashomer, Israel

5 Psychosocial Aspects of Health, The Gertner Institute for

Epidemiology and Health Policy Research, Sheba Medical

Center, 52621 Tel Hashomer, Israel

123

Qual Life Res (2016) 25:2889–2896

DOI 10.1007/s11136-016-1291-9

http://dx.doi.org/10.1007/s11136-016-1291-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s11136-016-1291-9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11136-016-1291-9&amp;domain=pdf


known. A number of studies have shown an increased risk

of mortality among individuals with prediabetes; specifi-

cally with impaired fasting glucose (IFG), defined as fast-

ing plasma glucose of 110–125 mg/dl [12–16]; impaired

glucose tolerance (IGT), defined as 2-h plasma glucose of

140–199 mg/dl [14–16]; and HbA1c in the prediabetes

range [17]. Undetected diabetes was shown to confer an

increased risk of mortality, though the association did not

remain statistically significant after adjusting for demo-

graphic and clinical factors and SRH [18].

Low compared to high SRH has been found to associate

with increased risk of T2D, after adjusting for age and sex

[19], and with increased risk of IGT in men but not women,

after controlling for lifestyle factors and biomedical vari-

ables [20].

The objective of this study was to explore the possible

interaction between SRH (from excellent to very poor) and

diabetic state, i.e., normoglycemic, prediabetic and known

and unknown diabetic men and women, on all-cause

mortality in a large cohort of elderly subjects, followed for

14 years.

Methods

Design and study population

This is a follow-up study of the survivors of the Israel

Study of Glucose Intolerance, Obesity and Hypertension

(The Israel GOH Study) [21], an ongoing nationwide lon-

gitudinal study of individuals selected in 1967 from the

Israel Central Population Registry according to sex (50 %

male and female), age (33 % from each 10-year increment

of subjects born between 1912 and 1941) and four ethnic

groups (European-American origin, North African,

Yemenite, and other Middle Eastern). A deliberate increase

in the sampling fraction of the Yemenite-born group was

undertaken in order to enable a balanced evaluation of

morbidity and mortality. During the year 2000–2004, sur-

vivors of the original cohort were interviewed and exam-

ined for the third follow-up. The second follow-up was

conducted during the early 1980s [21].

Of the 1970 individuals who were the target population

for the current study, 756 were not included: 254 were

deceased, 278 were unable to be traced (probably due to

being institutionalized or living with their children), 177

refused to undergo re-examination and 47 were too ill to

participate. In addition, 177 individuals were excluded

from the analysis because they were only interviewed by

telephone and did not undergo blood tests to validate their

glycemic state (see flow diagram, Fig. 1). We compared

the 1037 participants in the current analysis with the 679

non-participants alive at the begining of follow-up (in the

year 2000); the latter were 2 years older on average of

female predominance (61 %), and with a greater cumula-

tive mortality rate (39.8 % as compared to 28.0 % in the

participants).

The Institutional Review Board of the Sheba Medical

Center approved the current study, based on the third fol-

low-up of the GOH cohort. All participants consented in

writing.

Interview and laboratory examinations

Participants were interviewed by trained nurses in regional

clinics and were asked about their lifestyle habits, medical

history, use of medications, and health maintenance orga-

nization affiliation. They were asked to rate their health as:

excellent, good, fair, poor, or very poor. Height, weight,

waist circumference, and three blood pressure measure-

ments were taken during the interview. Venous blood was

drawn after a 12-h fast for glucose and lipids (total serum

cholesterol, LDL- and HDL-cholesterol, and triglycerides)

and creatinine. In the non-diabetic patients, an oral glucose

tolerance test (OGTT) was performed with 100 g of glu-

cose and blood glucose was determined after 2 h.

Plasma glucose was determined by enzymatic UV test

(hexokinase method) performed on Beckman-Coulter

AU5800 analyzer. Creatinine levels were determined using

Beckman-Coulter kit, based on kinetic color test with

picric acid (Jaffé method) and performed on Beckman-

Coulter AU5800 analyzer. All laboratory analyses were

performed by the Metabolic Laboratory of Sheba Medical

Center.

The following definitions were applied: Normo-

glycemic—not using glucose lowering medications and

fasting plasma glucose (FPG) \5.6 mmol/L (100 mg/dl),

Fig. 1 GOH study flow diagram
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and, when available, 2-h blood glucose \7.8 mmol/L

(140 mg/dl); Prediabetes—FPG 5.6–6.9 mmol/L

(100–125 mg/dl) and/or, when available, 2-h blood glucose

7.8–11.0 mmol/L (140–199 mg/dl); Diabetes (T2D)—re-

ported diabetes (substantiated by documentation of pre-

scriptions for oral glucose lowering medications or insulin,

or medical reports); Undiagnosed diabetes—2-h blood

glucose of C11.1 mmol/L (200 mg/dl) or fasting glucose

C7.0 mmol/L (126 mg/dl); cardiovascular disease was

considered with a reported history of myocardial infarction,

stroke, transient ischemic attack, or peripheral vascular

disease. Obesity was defined as BMI C 30 kg/m2.

Statistical analyses

All analyses were performed using SAS software.

Mean ± SD was calculated for continuous variables, and

frequencies were presented for discrete variables. Com-

parison of the study variables according to the four gly-

cemic categories (normoglycemic, prediabetes,

undiagnosed T2D, and T2D) was made using the Chi-

square test and Cochran–Armitage trend test for discrete

variables and ANOVA test for continuous variables. Sur-

vival time was defined as the time from interview to date of

death or date of last follow-up (August 1, 2013). Univariate

and multivariate Cox proportional hazards regression

models were performed. The variable of interest—self-

rated health, glycemic group, and other variables were

tested independently. Explanatory variables that reached

p\ 0.2 in the univariate analysis were included in the

multivariate model in order to assess whether self-rated

health is an independent and significant explanatory vari-

able of mortality adjusting for glycemic group and other

independent variables. Interaction between self-rated

health and glycemic group was also explored and found to

be significant. To test the proportional hazard assumption,

we generated time-dependent variables by creating inter-

action terms for the independent variables and time and

included them in the model. Results of the interaction are

presented according to Knol and VanderWeele recom-

mendation [22]. The assumption of proportionality was not

found to be statistically significant (p = 0.9). All tests of

significance were two tailed. A value of p\ 0.05 was

considered statistically significant.

Results

Of the 1037 individuals included (mean age 72.4 ± 7.2;

range 58–94) in the present study, 269 (25.9 %) were

known to have diabetes. Laboratory tests revealed that 110

(10.6 %) had undiagnosed diabetes and 321 (31.0 %) were

prediabetic. Table 1 presents the baseline characteristics of

the cohort according to glycemic group. Higher proportions

of undiagnosed diabetes were observed in men than women

(13.1 vs. 8.1 %, respectively); among the ethnic origins, it

was highest among individuals of Yemenite origin

(13.4 %; 31/231). More individuals with undiagnosed

diabetes reported being physically active than did the

others, yet they had the highest rates of current smoking

and obesity. The known diabetics had the oldest mean age,

the lowest proportions reporting physical activity and

current smoking, and the highest rates of hypertension and

cardiovascular disease.

Table 1 and supplementary Fig. 1 show that normo-

glycemic and prediabetic individuals rated their health

similarly, while known diabetic individuals rated it worse

(11.1 and 11.6 % vs. 3.1 % for excellent SRH, respec-

tively). A similar pattern was seen for ‘‘good’’ SRH. The

SRH distribution of those with undiagnosed diabetes was

between those with known diabetes and those without

diabetes.

Altogether, 291 individuals died over the 14-year fol-

low-up, 73 in the normoglycemic (21.7 %), 86 in the pre-

diabetic (26.8 %), 25 in the undiagnosed diabetic (22.7 %),

and 107 in the T2D group (39.8 %), p\ 0.0001. Univari-

ate analysis of each characteristic and its association with

mortality showed that in addition to older age and male

gender, sedentary lifestyle, hypertension, and the j-shaped

BMI, which are classical risk factors, also higher creatinine

levels, presence of CVD, renal disease, and malignant

tumors, were associated with mortality. Being married and

of higher education were significantly associated with

lower mortality (supplementary Table 1). Known diabetes,

but not undiagnosed diabetes or prediabetes, associated

significantly with mortality [hazard ratio (HR) = 1.95,

95 % CI 1.41–2.70], compared to the normoglycemic

individuals. Both fair and poor/very poor SRH were posi-

tively associated with mortality, conferring twofold to

fourfold mortality risk, when compared to excellent/good

SRH. Ethnic origin and smoking were not associated with

mortality in this cohort.

A multivariate analysis (Table 2) showed that known

diabetes as compared to normoglycemia conferred a non-

statistically significant increased mortality risk of 26 % in

the presence of all other study variables (95 % CI

0.87–1.26). Fair/poor and very poor SRH, as compared to

excellent/good, were associated with increased mortality

risk of 48 % (95 % CI 1.09–2.03), after controlling for

demographic characteristics, lifestyle habits, and comor-

bidities. We found a significant interaction between the

two factors, SRH and glycemic group, which was entered

into the final model (Table 3). Except for known diabetic

individuals, individuals with fair or poor/very poor SRH

were at increased risk of mortality compared to those

with excellent or good SRH. Only the known diabetic
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Table 1 Study population by sociodemographic characteristics and glycemic groups

Total Normoglycemic Prediabetes Undiagnosed diabetes Known diabetes p

n = 1037 n = 337 n = 321 n = 110 n = 269

Gender (%)

Male 519 43.0 53.0 61.8 50.6 0.003

Female 518 57.0 47.0 38.2 49.4

Age (years)

Mean ± SD 1037 72.1 ± 6.9 71.9 ± 7.5 71.3 ± 7.3 73.8 ± 7.1 0.002

Ethnic origin (%)

Europe-America 354 39.2 33.6 31.8 29.4

Middle East 276 28.8 25.2 26.4 25.7 0.05

North Africa 176 15.7 18.7 13.6 17.8

Yemen 231 16.3 22.4 28.2 27.1

Marital status (%)

Unmarried 52 5.3 5.0 6.5 4.1

Married 747 69.4 73.5 78.7 71.4 0.3

Widowed 236 25.2 21.5 14.8 24.5

Education (%)

\9 years 293 27.0 26.8 30.9 30.5

9–12 years 401 37.1 42.1 38.2 36.8 0.001

13? years 231 27.6 23.0 21.8 14.9

Unknown 112 8.3 8.1 9.1 17.8

Physical activity (%)

Sedentary 521 48.4 50.5 47.2 53.9

Moderately active 175 15.4 18.1 12.0 19.3 0.1

Active 339 36.2 31.5 40.7 26.8

Smoking (%)

Never 586 60.8 54.2 44.4 59.1 0.07

Past 348 29.4 35.8 41.7 33.1

Current 101 9.8 10.0 13.9 7.8

BMI (kg/m2)

\25 220 26.9 19.8 14.6 24.1

25–26.9 181 19.1 19.8 17.5 16.8 0.007

27–29.9 272 30.9 29.1 28.2 22.4

30? 299 23.2 31.3 39.8 36.3

Self-rated health

Excellent 96 11.1 11.6 13.1 3.1

Good 359 41.3 39.2 33.6 23.1 0.0001

Mild 328 29.6 32.3 30.8 35.8

Poor 195 14.7 14.7 20.6 29.6

Very poor 42 3.3 2.2 1.9 8.5

Hypertension (%)

Yes 448 35.9 40.7 45.4 56.2 \0.001*

CVD (%)

Yes 365 30.0 34.0 32.4 44.8 0.0003*

Tumors (%)

Yes 167 16.9 18.1 15.2 14.7 0.73

Renal failure (%)

Yes 98 5.0 13.0 8.4 11.9 0.003

Creatinine (mg/dl)
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individuals were at increased risk of mortality regardless

of their SRH (HR = 3.32, 95 % CI 1.71–6.47, and

HR = 2.19, 95 % CI 1.25–3.86, for ‘‘Good’’ and ‘‘Poor’’

SRH, respectively). Moreover, among diabetic individu-

als, those with excellent/good SRH were at greater risk

of mortality than those with fair or poor/very poor SRH,

after adjusting for age, gender, ethnic origin, marital

status, education, BMI, physical activity, CVD, tumors,

and creatinine level (Fig. 2). The finding of the above

interaction is expressed by the ratio of the HRs being

greater than 1 for the normoglycemia (ratio of 2.41,

p = 0.002), prediabetes (ratio of 1.46, p = 0.15), and

undiagnosed diabetes (ratio of 2.19, p = 0.1) individuals,

whereas for the known diabetic individuals this ratio was

less than 1 (0.66, p = 0.14). This inverse pattern,

regarding the association between SRH and mortality

among individuals with known diabetes, remained when

stratifying by gender (not shown).

Discussion

In this study of an elderly population with mean age

[70 years, the combined category of fair, poor, or very

poor self-rated health, denoted as ‘‘poor SRH’’, was asso-

ciated with increased mortality risk. This association held

for individuals with normoglycemia, prediabetes, and

undiagnosed diabetes, but not for individuals with known

diabetes, supporting a significant interaction between SRH

and glycemic group (p for interaction 0.01). Both SRH

known diabetic groups showed a high and statistically

significant mortality risk (HR = 3.32, 95 % CI 1.71–6.47;

Table 1 continued

Total Normoglycemic Prediabetes Undiagnosed diabetes Known diabetes p

n = 1037 n = 337 n = 321 n = 110 n = 269

Mean ± SD 965 1.04 ± 0.48 1.0 ± 0.24 1.02 ± 0.23 1.01 ± 0.32 0.5

* p for trend

Table 2 Cox regression model

for mortality and associated

factors—multivariate analysis

Reference category Category Hazard ratio 95 % CI

Gender Male Female 0.73 0.53–1.00

Age (years) Continuous 1-year increment 1.09 1.07–1.11

Ethnic origin European/American North African 0.91 0.61–1.37

Yemen 0.82 0.54–1.26

Middle East 0.92 0.65–1.31

Marital status Unmarried ? Widowed Married 1.00 0.73–1.36

Education 13? years \9 1.43 0.95–2.13

9–12 1.10 0.76–1.60

Unknown 1.93 1.09–3.41

Physical activity Sedentary Moderately active 0.76 0.52–1.11

Active 0.62 0.45–0.87

BMI (kg/m2) 25–26.9 \25 1.84 1.18–2.87

27–29.9 1.45 0.94–2.24

30? 1.33 0.86–2.06

CVD No Yes 1.84 1.40–2.42

Tumors No Yes 1.62 1.16–2.26

Creatinine (mg/dl) Continuous 1u increment 1.73 1.42–2.10

Glycemic group Normoglycemic Prediabetes 0.88 0.62–1.23

Undiagnosed T2D 0.85 0.53–1.39

T2D 1.26 0.87–1.80

Self-rated health Excellent/good Fair/poor/very poor 1.48 1.09–2.03
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HR = 2.19, 95 % CI 1.25–3.86, for excellent/good and for

poor SRH, respectively). Nevertheless, the difference in the

mortality risk between these two later groups is not sta-

tistically significant (p = 0.14).

Our finding that SRH was not associated with mortality

among individuals with T2D contrasts with results from the

nested analysis of persons with diabetes from the European

Prospective Investigation into Cancer and Nutrition study.

Wennberg and colleagues found that low SRH was asso-

ciated with a higher risk of mortality among men, but not

women, after controlling for established risk factors [23].

The increased risk of mortality among individuals with

undiagnosed T2D concurs with a Danish study [24]. In this

study, increased 5-year mortality was observed among

individuals newly diagnosed with diabetes who rated their

health as less than excellent, compared to those who rated

their health as excellent [24].

In the present study, those with prediabetes rated their

health similarly as did those with normoglycemia, and

those with undiagnosed diabetes rated their health worse,

yet better than did those with diabetes. These findings

concur with results of a Swedish study that showed poor

SRH to be associated with increased glucometabolic dis-

turbance [25], as well as with an earlier Israeli study that

showed higher SRH among individuals with undetected

than known diabetes [26]. Analysis of the 4770 midlife

adults participating in the US Health and Retirement study

found SRH to be a significant predictor of onset of chronic

conditions including diabetes [27]. However, a recently

published population study reported poorer SRH among

people with known hypothyroidism, diabetes, and hyper-

tension than among people who were not aware that they

had these conditions [28].

The outcome in the current study was all-cause mor-

tality, and not diabetes-related or cardiovascular mortality.

We were thus not able to investigate whether the associa-

tion between diabetes and all-cause mortality is attributed

to cardiovascular mortality. An analysis based on 700,000

Fig. 2 Adjusted* hazard ratios

and survival curves according to

glycemic group and self-rated

health assessment. *Adjusted

for gender, age, ethnic origin,

BMI, physical activity, CVD,

tumors and creatinine level

Table 3 Interaction between glycemic group and self-rated health in relation to mortality risk

Glycemic group Excellent/good (‘‘Good’’)

Self-rated health

Fair/poor/very poor (‘‘Poor’’)

Self-rated health

Ratio of HRs for poor versus good SRH

N died/alive HRa (95 % CI) N died/alive HRa (95 % CI)

Normoglycemia 18/142 1.0 48/97 2.41 (1.38–4.20)

p = 0.002

2.41 (1.38–4.20)

p = 0.002

Prediabetes 23/135 1.23 (0.66–2.31)

p = 0.5

54/93 1.80 (1.03–3.91)

p = 0.04

1.46 (0.87–2.43)

p = 0.15

Undiagnosed T2D 6/41 0.90 (0.36–2.29)

p = 0.8

17/33 1.97 (1.00–3.91)

p = 0.05

2.19 (0.84–5.64)

p = 0.11

T2D 18/35 3.32 (1.71–6.47)

p = 0.0004

51/88 2.19 (1.25–3.86)

p = 0.006

0.66 (0.38–1.15)

p = 0.14

p for interaction between SRH and glycemic group = 0.01
a Hazard ratio adjusted for gender, age, ethnic origin, marital status, education, physical activity, BMI, CVD, tumors and creatinine level
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participants of the American National Health Interview

Survey, followed for up to 20 years, showed SRH to

strongly predict death from diabetes [29]. More recently, a

systematic review and meta-analysis reported an associa-

tion between poor SRH and cardiovascular mortality in

populations with and without prior cardiovascular disease

[30].

No association was found between the two glycemic

groups: prediabetes and undiagnosed diabetes, and mor-

tality. The category of prediabetes in the current study

included both impaired fasting glucose (IFG: defined as

100–125 mg/dl) and impaired glucose tolerance (IGT).

This finding is in line with a study that used the same

definition and found IFG not to be associated with

increased mortality [31]. Another study that used this

broader classification of IFG reported an increased risk of

mortality in a non-obese population only [32].

We found a positive association between diabetes

morbidity and all-cause 14-year mortality, as was already

well documented in the literature. In the present study,

diabetic individuals were divided according to the duration

of their illness, where known diabetics are most probably

of longer duration, and those who were undiagnosed prior

to the current study were incident diabetics, probably with

a shorter duration of the disease. In this elderly cohort,

SRH was a significant and independent predictor of mor-

tality, after controlling for anthropometrics, lifestyle habits,

sociodemographic characteristics, and comorbidities, con-

curring with previous studies. The lack of association

found in our study between SRH and mortality among the

known diabetic patients may be due to the presence of

other illness complications or other residual confounding

factors not measured in this study, such as cognitive

decline. Possible other explanations may lie in that self-

perception of general health in long-standing diabetics may

reflect to a lesser extent the true risk of mortality.

This study has a number of limitations. The inclusion of

only 60 % of the target cohort may have introduced a

selection bias. Nevertheless, when analyzing the 177

individuals excluded (due to lack of laboratory test results

for blood glucose, consequent to the acquisition of infor-

mation by telephone interview), the same association

between SRH and vital status was observed as for the study

sample (46 % and 47 % of those with poor SRH died by

the end of follow-up, respectively), minimizing concerns

for selection bias.

A 100 g oral glucose load was used in this study, rather

than the recommended 75 g, due to its greater stimulation

of insulin response [33]. The same protocol was applied for

comparability with tests performed at previous time points

of the 25-year follow-up of this cohort [21]. Differences in

glucose loads have been shown to have little effect on

blood glucose levels [33]. Nevertheless, data from the

DECODE study group regarding prevalence of undiag-

nosed T2D, using standard 75 g glucose OGTT protocols,

were similar to ours [34].

There are some strengths to be mentioned regarding our

study: the validation of the exposure to baseline glycemic

group in all included participants by laboratory testing,

assuring high validity of exposure information. In addition,

there was no loss to follow-up for the outcome of mortality

in our study, minimizing concerns for information bias.

In summary, this study, of elderly men and women,

found an interaction, demonstrating that SRH associated

with mortality in all glycemic groups except for individuals

with known diabetes. Thus, although SRH assessment is an

inexpensive screening tool, it should be used cautiously

when evaluating an elderly diabetic patient. Further

research should investigate the perception of health and

health-related behaviors of patients diagnosed with

diabetes.
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