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Abstract 

Background  The diagnosis of metabolic syndrome indicates a clustering of metabolic imbalances which in sum have been recognized 
as a major predictor of cardiovascular and all-cause mortality. The aim of this study was to assess the level of under-pharmacy and 
poly-pharmacy and its prognostic impact in elderly patients with metabolic syndrome. Methods  Retrospective chart-review at a tertiary 
medical center, of 324 patients greater than 65 years of age who met the International Diabetes Foundation criteria for metabolic syndrome 
diagnosis [Body Mass Index (BMI) > 30 kg/m2, diagnosis of type 2 diabetes, hypertension, and dyslipidemia]. Results  There were 60 
(18.5%) patients in the low (≤ 5) medication burden group, 159 (49.1%) in the medium (> 5 and ≤ 10) medication burden group, and 105 
(32.4%) in the high (> 10) medication burden group. At baseline, the groups differed only by systolic blood pressure. At two years follow-up, 
the medium group had significantly better improvement in high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol 
(LDL-C), HbA1c, and systolic blood pressure compared to the low medication burden group and significantly better improvement in 
triglycerides, Haemoglobin A1c (HbA1c) and systolic blood pressure compared to the high medication group. Decrease in HDL-C was the 
only variable associated with strokes. High medication burden predicted hospitalization burden. The number of anti-hypertensives, history of 
tobacco use, low and high medication burdens and decrease in HDL-C were all associated with death. Conclusions  Both poly-pharmacy 
and under-pharmacy are associated with a decreased therapeutic benefit among patients with metabolic syndrome in terms of important 
laboratory measurements as well as clinical outcomes such as myocardial infarctions, hospitalization, and death. 
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1  Introduction  

Metabolic syndrome is a diagnosis indicative of a clustering 
of metabolic imbalances including hypertension, hyperglycemia, 
dyslipidemia, and central adiposity.[1–3] It has also become a 
major predictor of all-cause and cardiovascular mortality.[4–7] 
Moreover, the prevalence of the metabolic syndrome is 
correlated with age, with greater than 40% of those persons 
60 over years of age having metabolic syndrome.[8] Recently, 
there has been much debate regarding the importance of a 
diagnosis of metabolic syndrome as well as the efficacy of 
its therapeutics in an elderly population.[9,10] 

There has also been a great focus placed on the clinical 
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effects of poly-pharmacy in the elderly population. Although 
the definition of poly-pharmacy varies with ranges from > 5[11] 
to > 10,[12,13] several studies have shown that negative con-
sequences, such as adverse drug events, noncompliance, and 
hospitalizations are associated with an increase in number of 
medications.[14] However, studies continue to disagree about 
the degree of detrimental impacts of poly-pharmacy.[15–17] 
The concept of poly-pharmacy becomes even cloudier when 
discussing the therapy of metabolic syndrome and related 
diseases where strict adherence to guidelines quickly leads 
to the use of multiple medications. The high-risk nature of 
elderly cardiovascular patients and cardiovascular medications 
makes this specific group of patients especially difficult to 
treat adequately without incurring the effects of poly- 
pharmacy.[18] Additionally, a recent study has found that 
under-pharmacy, defined as lower than expected number of 
medications based on the number of diseases and indica-
tions for treatment with medication, was found in as much 
as 30%−43% of elderly patients with such high-risk cardiova-
scular diagnoses.[19] Nonetheless, the specific impact of poly- 
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pharmacy on elderly patients with metabolic syndrome 
remains unknown.  

The aim of this study was to assess the level of under- 
pharmacy and poly-pharmacy and its prognostic impact in 
elderly patients with metabolic syndrome. Additionally, we 
wished to identify variables associated with cardiovascular 
morbidity and mortality in relation to prescription drug 
burden. Our hypothesis was that under-pharmacy and poly- 
pharmacy would be associated with worse laboratory and 
clinical outcomes in older patients with metabolic syndrome. 

2 Methods  

This study was conducted at Saint Louis University Medical 
Center, a tertiary care academic center. Clinical and demographic 
data of older patients were recorded and maintained in an 
electronic health records (EHR) database. This database was 
used to identify all patients who were greater than 65 years 
of age and were seen in any of the internal medicine, geriatric 
medicine, or endocrine clinics between June 1, 2006 and 
June 1, 2007 (n = 1,291) (Figure 1). Of these, 378 (37.1%) 
met the diagnosis of metabolic syndrome as defined by the 
International Diabetes Foundation [Body Mass Index (BMI) 
> 30 kg/m2, diagnosis of type 2 diabetes, hypertension, and 
dyslipidemia],[20] but 54 patients had incomplete data, 
leaving 324 patients for the analysis. There were no exclusion 
criteria to allow for a realistic community-based population. 

Baseline data [age, gender, body mass index (BMI), alcohol 
use, tobacco use, high density lipoprotein cholesterol (HDL-C), 
low density lipoprotein cholesterol (LDL-C), trigylcerides, 

 

 
 

Figure 1. Flowchart of cohort assembly. BMI: body mass index. 

Haemoglobin A1c (HbA1C), systolic and diastolic blood 
pressures] was collected for these patients from up to one 
year prior to June 1, 2007. Data points for these variables 
were taken from the outpatient visit closest to June 1, 2007, 
except for systolic and diastolic blood pressures which were 
averaged over the previous year. A patient had to be on a 
medication for at least two consecutive months for it to be 
counted; thereafter the average number of medications each 
patient was on was recorded on a monthly basis and the 
average was taken for the two years of follow-up (From 
June 1, 2007 to June 1, 2009). This was used to determine the 
three groups of analysis: low medication burden (≤ 5 medi-
cations), medium medication burden (> 5 and ≤ 10 medi-
cations), and high medication burden (> 10 medications). The 
three groups of analysis were decided a priori based upon 
previous studies defining poly-pharmacy as being > 5 medi-
cations, and severe poly-pharmacy as > 10 medications.[21] 
The medications list for each patient was determined utilizing 
all medications profiled in the patient record.  

Follow-up outcomes of blood pressures and laboratory 
measurements were taken from the outpatient visit closest to 
June 1, 2009. Through a thorough review of clinic notes and 
hospital electronic records, follow-up outcomes of stroke, 
hospitalization, and myocardial infarction (MI) were counted 
if they occurred any time during the two years. Follow-up 
outcome of death was taken from the social security death 
index between the dates of June 1, 2009 and June 1, 2010.  

Approval by the institutional review board was obtained 
prior to the start of the study. Statistical analyses of the data 
were performed using SPSS version 17.0 (SPSS Inc., Illinois, 
USA). Chi square, 2-sided t-tests, and ANOVA where 
appropriate were used for comparisons between groups. 
Bivariate analysis and multivariate logistic regression was 
used to calculate odds ratios associated with the four clinical 
outcomes of MI, stroke, hospitalizations and death. For each 
of the clinical outcomes, a multivariate regression analysis 
was done adjusting for the following variables: age, gender, 
BMI, history of tobacco use, history of alcohol use, HDL-C, 
LDL-C, HbA1C, systolic and diastolic blood pressure, low 
medication group, medium medication group, high medi-
cation group, and type of medications. Statistical signify-
cance was considered present when P < 0.05. 

3 Results 

There were 60 (18.5%) patients in the low medication 
burden group, 159 (49.1%) in the medium medication  
burden group, and 105 (32.4%) in the high medication 
burden group. A comparison of demographics and baseline 
lab values between groups is given in Table 1. At baseline, 
groups differed only in number of medications prescribed, 
as expected, and systolic blood pressure.  



Patel AY et al. Geriatric poly-pharmacy and metabolic syndrome 215 
  

http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology  

After the two-year follow-up, there were statistically 
significant differences amongst groups in all mean lab 
values and in mean systolic blood pressure, but not diastolic 
blood pressure (Table 2). In general, the medium medication 
burden group had better mean values for HDL-C, triglycerides, 
HbA1C and systolic blood pressure while the high medication 
group had lower mean LDL-C values. Additionally, there 
were differences amongst groups in clinical outcomes, 
including hospitalization, MI, and death but no difference 
for stroke. 

Figure 2 depicts a more detailed snapshot using percent 
changes in lab values and blood pressure from baseline. The 
medium group had significantly better improvement in 
HDL-C, LDL-C, HbA1c, and systolic pressure in comparison 
to the low medication burden group. The medium group 
also had significantly better improvement in triglycerides, 
HbA1c and systolic pressure in comparison to the high 
medication burden group. The medium group showed no 
significant improvement in diastolic pressure over the other 
two groups. Overall, the high medication burden group had 

Table 1.  Demographics and baseline data of the studied population.   

Characteristic Low medication burden group
< 5 medications, n = 60 

Medium medication burden group
5-10 medications, n = 159 

High medication burden group
> 10 medications, n = 105 P-value 

Age 74.1 ± 5.7 74.6 ± 5.6 75.4 ± 6.2 0.788 
Gender (Female) 33 (55%) 104 (65%) 68 (65%) 0.336 
Body mass index 38.7 ± 6.1 38.4 ± 6.0 40.1 ± 6.7 0.092 
History of alcohol use 9 (15%) 25 (16%) 24 (23%) 0.271 
History of tobacco use 3 (5%) 21 (13%) 13 (12%) 0.218 
Total medications 4.7 ± 0.6 8.7 ± 1.2 13.2 ± 2.0 < 0.001 
Aspirin 54 (90%) 156 (98%) 102 (97%) 0.015 
Lipid modifying drugs 1.0 ± 0.7 1.9 ± 0.8 2.5 ± 1.0 < 0.001 
Diabetes drugs 1.3 ± 0.7 1.8 ± 0.7 2.7 ± 1.1 < 0.001 
Anti-hypertensives 1.1 ± 0.7 2.0 ± 0.8 2.3 ± 1.0 < 0.001 
Other medications 0.4 ± 0.5 2.1 ± 1.1 4.8 ± 1.6 < 0.001 
HDL-C 32 ± 9 34 ± 8 35 ± 8 0.135 
LDL-C 121 ± 19 119 ± 19 115 ± 17 0.072 
Triglycerides 230 ± 76 223 ± 61 229 ± 64 0.707 
HbA1C 7.5 ± 1.0 7.5 ± 1.0 7.6 ± 1.2 0.491 
Systolic pressure 136 ± 4 138 ± 6 139 ± 6 0.019 
Diastolic pressure 91 ± 7 92 ± 7 93 ± 8 0.267 

HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol.   

Table 2.  Predictors of clinical outcomes based on multivariate logistic regression analysis. 
Primary outcomes Independent variables Adjusted odds ratio (95% CI) P-value 
Myocardial infarction Low medication burden 1.096 (1.039–1.148) 0.037 
 High medication burden 1.120 (1.085–1.164) 0.024 
 Increase in triglycerides 1.007 (1.000–1.014) 0.036 
 Increase in HDL-C 0.942 (0.865–0.998) 0.044 
 History of tobacco use 3.375 (1.138–4.239) 0.011 
 Female gender 0.269 (0.082–0.881) 0.03 
Stroke Increase in HDL-C 0.922 (0.853–0.997) 0.042 
Hospitalization High medication burden 1.837 (1.683–2.467) 0.017 
Death Low medication burden 1.134 (1.101–1.152) 0.041 
 High medication burden 1.153 (1.123–1.182) 0.033 
 Increase in HDL-C 0.964 (0.926–0.999) 0.046 
 Anti-hypertensives 0.504 (0.299–0.850) 0.01 
 History of tobacco use 3.834 (1.436–5.149) 0.008 

Multivariate logistic regression analysis was done for each clinical outcome separately. The following variables were adjusted for: age (continuous), gender, 
BMI, history of tobacco use, history of alcohol use, HDL-C, LDL-C, HbA1C, systolic and diastolic blood pressure, low medication group, medium medication 
group, high medication group, and type of medications. HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol. 
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Figure 2.  Comparison of percent change of laboratory measurements and blood pressure in two-year follow-up outcomes data 
between groups. The medium medication burden group had significantly better improvement in high density lipoprotein cholesterol 
(HDL-C), low density lipoprotein cholesterol (LDL-C), HbA1c, and systolic blood pressure in comparison to the low medication burden 
group. The medium medication burden group also had significantly better improvement in triglycerides, HbA1c and systolic pressure in 
comparison to the high medication burden group. *P < 0.001 compared with the low medication burden group; #P < 0.001 compared with the 
medium medication burden group; †P < 0.001 compared with the high medication burden group; §P < 0.01 compared with the low 
medication burden group; &P < 0.01 compared with the high medication burden group.  

 
significantly better improvement in HDL-C, LDL-C in 
comparison to the low medication burden group but the low 
medication group had better improvement in triglycerides 
and HbA1c compared to the high medication group. 

In terms of clinical outcomes, there were a total of 24 MI 
(7.4%), 12 stroke (3.7%), 60 hospitalization (18.5%) and 29 
death (9.0%). Generally, the medium group had the lowest 
percent of MI, hospitalization, and death (Figure 3).  

In the multivariate regression analysis for MI, the follo-
wing variables were found to have significantly increased 
adjusted odds ratios (OR) with having an MI: increased 

triglycerides [1.007 (1.000−1.014); P = 0.036], history of 
tobacco use [3.375 (1.138–4.239); P = 0.011], low 
medication group [1.096 (1.039–1.148); P = 0.037], high 
medication group [1.120 (1.085–1.164); P = 0.024]. Female 
gender [0.269 (0.082−0.881); P = 0.030] and increase in 
HDL-C [0.942 (0.865−0.998); P = 0.044] were protective. 

None of the variables was significantly associated with 
an increased OR of having a stroke but an increase in 
HDL-C was protective [0.922 (0.853–0.917); P = 0.042]. 

The only variable that was significantly associated with 
an increase OR of being hospitalized was high medication 
group [1.837 (1.683–2.467); P = 0.017]. 
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Figure 3.  Comparison of percent incidence of clinical outcomes in two-year follow-up outcomes data between groups. There were a 
total of 24 myocardial infarction (MI) (7.4%), 12 strokes (3.7%), 60 hospitalizations (18.5%) and 29 deaths (9.0%). Generally, the medium 
medication burden group had the lowest percent of MI, hospitalizations, and death. *P = 0.072 compared with the low medication burden 
group; #P = 0.016 compared with the high medication burden group; †P = 0.021 compared with the low medication burden group; §P < 0.001 
compared with the medium medication burden group; △P = 0.051 compared with the low medication burden group; &P = 0.005 compared 
with the high medication burden group. 

 
Three variables were significantly associated with an 

increased OR of death: history of tobacco use [3.834 (1.436– 
5.149); P = 0.008], low medication group [1.134 (1.001– 
1.152); P = 0.041], and high medication group [1.153 (1.123– 
1.182); P = 0.033]. An increase in HDL-C [0.964 (0.926– 
0.999); P = 0.046] and greater number of anti-hypertensives 
[0.504 (0.299–0.850); P = 0.010] were protective.  

4 Discussion 

Both poly-pharmacy and under-pharmacy are associated 
with a decreased therapeutic benefit among patients with 
metabolic syndrome in terms of important laboratory mea-
surements as well as clinical outcomes such as MI, hospi-
talization, and death. However, while the poly-pharmacy may 
be explained by high disease burden, the under-pharmacy 
effect is most concerning, as it seems to be indicative of 
under-treatment. 

Our results are supported by findings from previous studies 
where poly-pharmacy has been shown to result in greater 
rates of morbidity and mortality.[4,5] Additionally, our per-
centages of under-pharmacy (18.5%) and poly-pharmacy 

(32.4%) are similar to previous cross-sectional studies as is 
the prevalence of metabolic syndrome in our community- 
based population.[22] Our study also showed decreased 
therapeutic benefit of the additional medications in poly- 
pharmacy. Disturbingly, our study also showed that under- 
pharmacy is associated with similar negative outcomes.  

Our study suggests that the number of medications elderly 
patients with metabolic syndrome take at any given time 
should be monitored to ensure that they do not fall out of the 
range of tolerance. Moreover, while physicians must be 
aware of the dangers of poly-pharmacy, this study suggests that 
they cannot be overly conservative in providing the appropriate 
and necessary medications due to a fear of poly-pharmacy 
because under-pharmacy is associated with similar or even 
worse outcomes simply due to under-treatment. These patients 
thus present clinicians with a challenge to target therapeutic 
interventions within the narrow range of tolerance. 

Recently, Fitzgerald and Bean reported mathematical 
models questioning the therapeutic validity of single disease  
guidelines in both elderly patients as well as those with 
multiple chronic diseases.[23,24] They further reported a decr-
eased cost/benefit ratio with increasing numbers of therapies 
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and interventions. In light of the results found in our study, 
it seems as if the elderly patient with multiple comorbidities 
indicative of metabolic syndrome, does gain benefit from 
the addition of therapies and such therapy should not be 
withheld when appropriate. Furthermore, care should be 
taken to not under-treat a patient with the belief that there is 
limited clinical benefit as the results of this study show 
otherwise. Clinical trials should be conducted to examine 
the validity of guidelines in the elderly patient with metabolic 
syndrome.  

This study has several limitations. It was a retrospective 
study and thus we were unable to account for all possible 
confounders. Particularly, the regression models may over- 
control along the causal pathway, insofar as medication use 
effects biomarkers which in turn affects clinical outcomes. 
Additionally, since our data all comes from patient charts, it 
is possible that there may have been additional morbidity 
events that were not documented in the patient’s charts. 
Nonetheless, our clinical lab value data adds strength to our 
clinical outcomes data. Furthermore, the strong similarity 
between all three groups at baseline further emphasizes the 
end points. Other limitations of the study include the size of 
the population and the length of follow-up time.  

In conclusion, under-pharmacy is associated with decreased 
therapeutic benefit of medications as well as increased levels 
of morbidity and mortality in geriatric patients with metabolic 
syndrome. It is crucial, however, that the clinician takes 
special care to not under-treat a patient in the aim of simply 
avoiding poly-pharmacy or in the belief that there is limited 
clinical benefit. The total number of medications a geriatric 
patient with metabolic syndrome is prescribed should be 
given due attention in any assessment or therapeutic strategy.  

Acknowledgements  

This research was supported by a MSTAR grant from the 
American Federation for Aging Research. The investigators 
retained full independence in the conduct of this research. 
The authors have nothing to disclose.  

References 

1  Psaty BM, Manolio TA, Kuller LH, et al. Incidence of and 
risk factors for atrial fibrillation in older adults. Circulation 
1997; 96: 2455–2461. 

2  Björntorp P. Visceral obesity: a “civilization syndrome.” Obes 
Res 1993; 1: 206–222. 

3  Sjöström L. The metabolic syndrome of human obesity. In 
Regulation of body weight: biological and behavioral mechanisms; 
Bouchard C, Bray G, Eds.; John Wiley & Sons Ltd: New 
York, USA, 1996; 61. 

4  Mozaffarian D, Kamineni A, Prineas RJ, et al. Metabolic 
syndrome and mortality in older adults: the Cardiovascular 
Health Study. Arch Intern Med 2008; 168: 969–978.  

5  Galassi A, Reynolds K, He J. Metabolic syndrome and risk of 
cardiovascular disease: a meta-analysis. Am J Med 2006; 119: 
812– 819. 

6  Gami A, Witt B, Howard D, et al. Metabolic syndrome and 
risk of incident cardiovascular events and death: a systematic 
review and meta-analysis of longitudinal studies. J Am Coll 
Cardiol 2007; 49: 403–415.  

7  Mottillo S, Filion KB, Genest J, et al. The metabolic syndrome 
and cardiovascular risk a systematic review and meta-analysis. 
J Am Coll Cardiol 2010; 56: 1113–1132. 

8  Ford ES. Risks for all-cause mortality, cardiovascular disease, 
and diabetes associated with the metabolic syndrome: a summary 
of the evidence. Diabetes Care 2005; 28: 1769 –1778. 

9  Morley JE. The metabolic syndrome and aging. J Gerontol A 
Biol Sci Med Sci 2004; 59: 139–142. 

10  KD Bruce, CD Byrne. The metabolic syndrome: common origins 
of a multifactorial disorder. Postgrad Med J 2009; 85: 614–621.  

11  Morley JE, Sinclair A. The metabolic syndrome in older 
persons: a loosely defined constellation of symptoms or a 
distinct entity? Age Ageing 2009; 38: 494–497.  

12  Rollason V, Vogt N. Reduction of poly-pharmacy in the 
elderly: a systematic review of the role of the pharmacist. 
Drugs Aging 2003; 20: 817–832.  

13  Dwyer LL, Han B, Woodwell DA, et al. Polypharmacy in 
nursing home residents in the United States: results of the 
2004 National Nursing Home Survey. Am J Geriatr Phar-
macother 2010; 8: 63–72.  

14  Akazawa M, Imai H, Igarashi A, et al. Potentially inappro-
priate medication use in elderly Japanese patients. Am J 
Geriatr Pharmacother 2010; 8: 146–160.  

15  Salazar JA, Poon I, Nair M. Clinical consequences of 
polypharmacy in elderly: expect the unexpected, think the 
unthinkable. Expert Opin Drug Saf 2007; 6: 695–704. 

16  Willey CJ, Andrade SE, Cohen J, et al. Polypharmacy with 
oral antidiabetic agents: an indicator of poor glycemic control. 
Am J Manag Care 2006; 12: 435–440. 

17  Grant RW, Singer DE, Devita NG, et al. Polypharmacy and 
medication adherence in patients with type 2 diabetes. Diabetes 
Care 2003; 26: 1408–1412. 

18  Maraldi C, Lattanzio F, Onder G, et al. Variability in the 
prescription of cardiovascular medications in older patients: 
correlates and potential explanations. Drugs Aging 2009; 26 
(Suppl 1): S41–S51. 

19  Hajjar ER, Cafiero AC, Hanlon JT. Polypharmacy in elderly 
patients. Am J Geriatr Pharmacother 2007; 5: 345–351. 



Patel AY et al. Geriatric poly-pharmacy and metabolic syndrome 219 
  

http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology  

20  Volpe M, Chin D, Paneni F. The challenge of polypharmacy 
in cardiovascular medicine. Fundam Clin Pharmacol 2010; 24: 
9–17. 

21  Alberti KG, Zimmet P, Shaw J. Metabolic syndrome—a new 
worldwide definition. A Consensus Statement from the Interna-
tional Diabetes Federation. Diabet Med 2006; 23: 469–480. 

22  Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic 
syndrome among US adults: findings from the third National 

Health and Nutrition Examination Survey. JAMA 2002; 287: 
356–359.  

23  Gupta AK, Poulter NR. The concept of the metabolic syndrome 
is it dead yet? J Am Coll Cardiol 2010; 56: 1355–1356.  

24  Fitzgerald SP, Bean NG. An analysis of the interactions 
between individual comorbidities and their treatments–Imp-
lications for guidelines and polypharmacy. J Am Med Dir 
Assoc 2010; 11: 475–484. 

 


